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Summary
 

This report, a part of a Pre-Investment study of the
 

Marginal-Semi Arid lands conducted within Embu, Kitui and
 

Machakos Districts of the Eastern Province, and Baringo and
 

Kiriyo - Maraquet Districts of the Rift Valley Province was
 

prepared by the Engineers regarding the Soil and Water
 

management aspects of the study.
 

Land misuse in these areas has resulted in a considerable
 

amount of erosion, ranging from complete loss of top soil and
 

deep gullies in some localities to minor amounts of erosion
 

in others. The misuse has been unmanaged grazing, resulting
 

in partial to complete removal of perennial vegetation,.and
 

cultivation of steep slopes without taking necessary soil
 

conservation measures. Thus erosion is severe on the graz

ing areas as there is none or little vegetation to protect
 

Sthis soil during the high intensity rains common in the study 

area and the cultivated areas on slopes are extremely vulnerable
 

to erosion if conservation is not practiced.
 

Streams which were at one time perennial, now flow only
 

during and shortly after rain storms. The streams also carry
 

high sediment loads which tends to fill existing reservoirs
 

and cause pollution of the lakes and the ocean to which they
 

flow.
 

The available meteorological and hydrological data is
 

limited, which makes it difficult to plan soil and water
 

management practices intelligently. Ther2 are only four
 

complete meteorological stations in the study areas. Preci

pitation stations are fairly well distributed in Iachakcs,
 
Embu and Kitui Districts, but there are only six within the
 

boundaries of the study area in the Baringo District, The
 

data collection is mainly in the high potential a'eas. Very
 

little streamflow data is available except for the major
 
streams.
 

Experiments have been conducted in the study area which
 

show that with proper management the grazing areas can
 
adequately carry more than the number now being grazed. One
 

in Machakos District in 1949-50 demonstrated that with good
 

management practices the area could carry as many as ten
 

times more animals than it had formerly which indicates that
 

with proper management the land could carry at least as many
 

animals as there are now without deterioration of the land.
 

Some special precautions may need to be taken dLring periods
 

of prolonged drought.
 

Many people look on irrigationprojects as a panacea for
 

water and land problems. This is not the case. Irrigation
 

projects in developing countries are more prone to failure
 

than other kinds of projects. Of the several irrigation
 

schemes in Kenya, it is reported that only one has any degree
 

of success. To be successful an irrigation scheme must be,
 

well planned, designed and managed. This includes the
 

resources, the engineering Works, the management, and the
 

training of the irrigators. The social aspects are also an
 

important consideration. It is believed that the schemes
 

in Kenya could become successful by changing some of the
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social and management constraints on the schemes.
 

The extent of irrigation in this country will always be
limited because of the availability of water. 
Management
of this resource is very important to the country.
 

Domestic and livestock water supply is considered by
most rural people to be most important need within the study
area. The government is working hard to develop 
a supply
for all the 'people. Much can be done to assist in this byaidinFg the rural people, particularly dn remote areas, to
collect, and store 
their own water. This vould be such thingsas 
roof catchments, rock catchments, sub-surface dams and small
surface dams. 
 It is not practical to reach all people in
remote areas with a reticulated water supply.
 

The number of Kenyans trained in soil and water management is very limited. 
To prevent the extreme loss of soil
and water before irrepairable damage is done, 
an accelerated
progap.i, of training in soil and water is necessary. This
inc]udes those in top administrative positions in government,those in the Provinces and Districts as well 
as technicJ.ans
and fr,,rimers 
in the fields. A viable extension staff with
training in soil and water could give advice and training

*to farmers. 
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Soil and Water Management
 

Introduction
 

Soil and water are two of Kenya's most valuable natural
 
resources. 
Without proper managementof these resources, the
 
optimum agriculture production of the country cannot be
 
realized. The management of soil and water must be planned

and accomplished together, as that which is done with one
 
effects that which must be done with the other. 
 The primary

objective of soil and water management is to keep the soil
 
in place where it is formed and to retain the water on the
 
land where it falls as precipitation. Water, except that
 
which is evaporated or transpired and gets back into the
 
atmosphere as 
vapor, is being pulled downward bv the force
 
of gravity. 
 If this downward movement can be curtailed so
 
that it does not move the soil with it, then the problems

of soil movement, except that which is moved by the wind;
 
are solved by the management of the water.
 

In a rainfed agriculture such as the marginal, semi-arid
 
lands of Kenya, it is necessary to retain as much as possible

of the precipitation in the soil to be available to 
the plants.

The run-off must be controlled by tillage practices, vegetative
 
cover, land use, mechanical structures, or other practices
 
to direct it to where it 
can be utilized effectively without
 
causing damage to the environment.
 

Continual development of the country will be influenced
 
considerably by the way these resources are managed. 
Water
 
is indispensible for the existance of plant and animal life,

its quantity and quality in the atmosphere and the soil have 
a bearing on the amoup.L and kind of life in an area. The
total available water in Kenya ir not a great amount. It is 
estimated that the total available water for irrigation over 
the whole country in terms of depth is less than 30 mm. 
By

comparison the United States has more than 300 mm. available
 
over the entire country. The objective of soil and water
 
management is to make these resources available for utili
zation without waste for a high level of land and water use
 
which can be continued for anitldefinite period.
 

The Engineer group of the Marginal Lands Study Team has
 
visited with those people concerned with soil and water
 
management at all levels of government, at the University

of Nairobi and other educational institutions, those in the
 
private sector, and with farmers in the field to determine
 
their attitudes and ideas regarding soil and water management.

Most of the study area has also been visited to observe.
 
conditions as they are. 
 The people at all levels realize the
 
importance of doing something regarding soil and water manage
ment, and the help they need most is assistance from exper
ienced technicians trained in this area. 
They are anxious
 
to do something, but don't know the best way to accomplish
 
that which needs to be done.
 

The little watersat the head of the catchment areas are
 
of extreme importance. They create the big rivers and the
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large bodies of water. 
If these watez are stored at the
 
place where they fall by infiltration into the soil, in

natural depressions, or in depressions made by man, then
their movement to lower elevations wi].l be slowed so that
the rivers will not have as 
high a flood peak; they will
flow longer after the rains occur and the water will be more

accessible for use by plants and man. 
The first step in
water management is to control the little waters at 
the
 
head of the catchments.
 

1.1.1 Infiltration
 

Infiltration into the soil is of primary importance.

water is to be conserved in the soil and made available for

If
 

plant use, it must first pass through the surface of the soil.
If a high infiltration rate is maintained, less water will
 pass over the soil surface and soil erosion will. be reduced.
The infiltration rate _in 
much of the study area is relatively

low.
 

Duley (1939) points out that the reduction in the rate
 
of intake of water through the surface is accomplished by
the formation of a compact layer on the surface. 
This layer

is a result of breakdown of structure due in part to 
the

beating action of the raindrops and in part to the sorting

action of the water flowing over the surface, filtering the

fine soil particles around the larger ones 
to form a relat
ively impervious seal. The livestock tramping over an area

also tend to reduce the intake rate of the soil.
 

Vegetative cover has considerable influence on 
infiltrat
ion rates. This cover may be grasses or other close growing
vegetation as well as mulches. 
 It has been shown thait when
infiltration rates are determined for soil protected byvegetation and the vegetation is retoved, surface -sealing 
occurs rapidly. (Schwab, et. al. 1966) Other factors such
 as slope, antecedent moisture, and water temperature have
 
some effect on the infiltration rate, but these cannot be
changed much by man. 
 In general it may be said that the

better the agricultural practices, the higher will be the
 
rate of infiltration.
 

1.1.2 Soil Water
 

Soil is capable of holding a given amount 
of water against
the force of gravity by means of capillary forces. The max
imum amount of water a soil can hold in this way is known
 
as its field capacity. In dry periods the amount of water
in the soil will be reduced by evaporation and transpiration.

As the amount of water becomes less and less, the suction

exerted by the soil 
on 
the water becomes greater and greater,

until it is so great that the plants are unable to extract

the water from the soil 
as fast as the plants require the
 
water. 'Then the plants begin to wilt. 
 It is the difference

in the amount of moisture at wilting and field capacity that
is available for plant use. 
 Plant growth will in general be
 an optimum if the soil moisture is replenished well before

the wilting point is reached', as stress to the plant occurs

when the soil moisture drops significantly below field
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capacity.
 

Table 1 REPRESENTATIVE PHYSICAL PROPERTIES OF SOIL*
 

Soil Infiltra- Total Apparent Field Permanent Total 
-Tex-
ture 

tion 
Inches/ 

Pore 
Space 

Specific Capacity Wfliting 
Gravity % PW 1 PW 

Avail-, 
able 2 

hour Moisture 
Inches 
per Fcot 

Sandy 2 38 1.65 9 4 1.0
 

Sandy
 
Loam 1 43 1.50 14 6 1.4
 

Loam 0.5 47 1.40 22 10 
 2.0
 

Clay
 
Loam 0.3 49 1.35 27 13 2.3
 

Silty
 
Clay 0.1. 51 1.30 31 15 2.5
 

Clay 0.2 53 1.25 35 17 2.7
 

lntake rates vary greatly with soil structure and strucLural
 
stability.
 

2Readily available moisture is approximately 75% of the total
 
available moisture.
 

From (Israelsen & Hansen 1962)
 

1.2 Climatology and Hydrology
 

This will be described in the sections of this report
 
which deal with the two separate study areas, except for
 
some of the aspects of climatology and hydrology which are
 
common to both areas.
 

1.2.2 Temperatures
 

Mean temperatures in Kenyaare closely related to elevat
ion above sea level. The East African Metecrological Depart
ment gives the following equation for the mean annual temper
ature; T = 30.2 - 6.5 x E (oC) where E is the elevation above 
mean sea level in thousands of meters. They also have derived
 
equations for each of the m6nths of the year. (East African
 
Meteorological Department, 1970) Annual temperature variat
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ions are small.
 

1.2.3 Sunshine and Radiation
 

There are no reported observations of daily sunshine in 
the area. Woodhead (1968) prepared maps oi Kenya showing 
the daily sunshine hours for each month. These vary from a 
low of 6.5 hours in July to a high of 9.5 hours in both 
January and February. 

1.2.4 Winds
 

Wind runs are measured at most of the meteorological 
stations. The runs are highest in September and October and
 
lowest in June and December. At least in the study area,
 
the wind is not a major factor causing soil erosion.
 

1.2.5 Precipitation 
It 

The precipitation pattern shows a strong seasonal varia
tion throughout tho country. In the Eastern and Central 
area. there are two rainy sea4sons. The long rains occuring 
during March through May and the short rains during October 
through December. April is -eneraliy the month having most 
rain, but there are miany stations where the heaviest rains 
have been recorded in November. In the Western Rift Valley 
and Western areas the rainfall is highest during March through 
September and lowest during January arid February. 

The variations from year to year of rainfall are consider
able and the time of beginning and end of the rainy periods 
are very erratic, especially in the drier areas. Tnis makes 
it difficult to give a desirable planting date for crops. 

1.2.6 Relative Humidity
 

This generally decreases with an increase in elevation 
and is higher where there is a vegetative cover --nd lower 
where there is none. It is always a maximum when the temper
ature is a minimum (morning), and a minimum when the temper
ature is a maximum (afternoon). In highly vegetated areas
 

the maximum is between 60 and 70 percent. The minimum is 
about 40 percent. 

1.2.7 Evaporation
 

Evaporation pans are used to estimate evaporation losses 
from natural surfaces. The pan evaporation is affected by 
many variables, including wind movement, pan diameter, water 
temperature, air pressure, depth of pan, and wind and wave
 
action. Pan evaporation is convert'ed to natural surface 
evaporatioa by usinl', a coeflicient which varies between 0.65 
and 0.80. (Chow 1964)
 

Woodhead (1963) computed values of the Penman estimate
 
of potential evaporation (E,) for several locations in Kenya.
 
The mean monthly atnd the meau annual evaporation rates are
 
displayed in tabular form and on a series of maps.
 

Evaporation data are an essentail element in determination
 
of crop water requirements, and upon the feasibility of irri
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gation projects. They are also essentral t.research andmanagement of catchrent areas. APenicu turaists ana hydro
logists have agreed that the Penman estimate of potential

evaporation (Penman 1948) is the most suitable evaluation of

evaporation for tropical East Africa.
 

Data for eighty stations are listed in Woodhead's report.

These include the E in millimeters per day and E0 in milli
meters per month. 
 The effect of altitude on the annual
 
evaporation estimate was established by Woodhead (1968) from

the weighted regression; Eo = 2422 - 0.358 h, where Eo is in

millimeter per 
annum and h the altitude above mean sea level,

in meters. Values of Eo of locations within the study area
 
are given in Appendix Table.1
 

1.2.8 Evapotranspiration(ET)
 

This is the conversion to vapor and mixing with the
 
atmosphere of the liquid water evaporated from the soil or
 
soil surface and that transpired by the plants. Two differznt

methods are used to get measurements of ET. The water
 
balance method which include soil water depletion measure
ments and the use of lysimeters, and the empirical methods
 or empirical formulae. Because of the lack of data and the

difficulty and time involved in getting ET by direct measure
ments, the use of empirical formulae is more common in plann
ing of water development projects. Many formulae have been
developed for determining ET which are based on meteorological

data. These formulae give acceptable results when used in the

conditions for which they were developed. 
The formulae are

best suited to potential evapotranspiration (ETP). This is

the amount of water evaporated and transpired from a growing,

short full crop cove i (usually grass) with a continuously

*adequate moisture supply. 
The ETP is related to irrigation

requirements of other crops by crop coefficients which are

based on actual water 
use data from field experiments.
 

The potential evaporation obtained by Woodhead (1968),

using the Penman method and considered as the most suitable
 
for use in tropical East Africa, is related to ETP by using
 
a reduction coefficient of 0.8.
 

1.2,9 Streamflow
 

There are five drainage areas in Kenya. 
The area covered
 
by this report is part of three of these areas. 
The Lake
Baringo District and Kerio Valley is 
in Drainage Area No.2
 
which drains primarily into Lake Rudolph in the north with

subdrainage basins discharging into a number of smaller

lakes. The Machakos-Kitui-Embu Districts are Drainage Area

No.3 (Athi Ri-,er) and Drainage Area No.4 (Tana River). 
 The
 
Tana River is the largest river in Kenya.
 

The streams within the study area are 
ephemeral except

parts of the Athi and the Tana with some of its major tribut
aries.
 

River gauging stations a-re maintained and operated by the

Hydrology section o'L 
the Ministry of Water Development on most
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of the major streams, but there are no records of streamflow
 
on many of the smaller streams.
 

The development firm of Tippets, Abbot, McCarthy and
 
Stratton (TAMS) has developed a computer model which gives
 
the runoff of the entire country. They have prepared maps
 
which show runoff isolines in millimeters per annum. Appendix 1
 
Table 2 of this report gives drainage basins areas and runoffs
 
in mm for streams in the study areas.
 

1.2.10 Groundwater
 

A study of groundwater resources in the study area for the
 
Marginal Lands Study has been made by a 1ydrogeologist, George
 
C. Taylor, Jr. Resu..ts of this study will be included with
 
the final report of the Study Team. His findings are that
 
tha groundwatur is of small quantity and no major irrigation
 
development can be expected by use of groundwater. (Appendix 4)
 

1.2.11 Ecological Climatic Zones 

At a Rescarch Conference on Rangeland Productivity held
 
in Kitale in June 1964, a committee was established to
 
prepare definitions and categories of the main vegetative
 
types of East Africa with reference to rangeland potential.
 
In May 1965, the committee submitted its report to a second
 
Research Conference which was approved by the conference.
 

The 	following zones are recommended by the committee:
 

I. 	Afro-alpine moorland and grassland, at high altitude
 
above the forest line, of limited range use and low
 
range potential.
 

II. 	 Humid to dry sub-humid (moisture index not less than
10). Forests and derived grasslands and bushlands,
 
with or without natural glades. The potential is
 
for forestry or iiitensive agriculture. Areas at
 
present under range-use require intensive management
 
for optimum production. 1-2.5 hectare are usually
 
required per stock unit.
 

III. Dry sub-humid to semi-arid (Moisture indices - 10 to
 
30). Land not of forest potential, carrying a
 

variable vegetation cover, trees characteristic broad
 
leaved, and the larger shrubs mostly evergreen. The
 
agricultural potential is high, soil and topography
 
permitting. Areas under range use are extensive and
 
under intensive management. Their stock carrying
 
capacity is high (less than 2 hectares per stock unit).
 

IV Semi-arid (moisture indiceo -30 to -50). Land of
 
marginal agriculturp! potential, carrying as natural
 
vegetation dry forms of woodland or equivalent bush
land. This is potentially productive range land,
 
usually less than 4 hectares required per stock unit
limited mainly by encroachment of woody species. The
 
grasslands are notably sensitive to severe grazing.
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V. 	 Arid (moisture indices -40 to -50). Land only local
ly suited to agriculture, woody vegetation being
 
dominated by comminphora, Acacia and allied genera.
 
Perennial grasses can dominate, but succumb readily
 
if the range is managed harshly. More than 4
 
hectares is required per stock unit. Wil.dlife could
 
constitute an alternative to domestic stock, parti
cularly wherp dry thorn-bush predominates. Burning
 
must be done with great caution, but can be highly
 
effective in brush control.
 

VI Very arid (moisture indices -50 to -60). Rangeland
 
of low potentail. The vegetation being dvarf shrub
 
grassland or a very dry form of bushed grass.an&.
 
The 	vegetation may be confined to runnels, depress
ion 	, and water courses with barren land between.
 
Perennial grasses are localized within a predominant
ly annual grassland. Productivity is confined largely
 
to unreliable seasonal flushes; and grazing systems
 
must be flexible and based on nomadism. Wildlife
 
is important, but the populations are restricted by
 
the environment.
 

Woodhead (1968)presented a classification of East African
 
Rangeland using a climatic index which quantifies the annual
 
water balance. In this classification the rainfall has been
 
compared with Penman's (1948) estimate of potential evaporation
 
to derive an index which allowing for shortage of water in
 
the profile might express the exploitable rainfall in terms
 
which can be related to potential or actual vegetation.

Total annual rainfall less total water surplus, representing
 
the water available for evaporation or transpiration. is
 
expressed as a precentage fraction of the annual total of
 
potential evapr,,ation to yield the available water index.
 
Woodhead (1968) divided Zone VI 
of the Research Conference of
 
May 1965 into Zones VI and VII in Table 2. The relation
 
between ecological zone and available water index is given
 
in this table. 

Table 2 

Ecological Zone Vegetation Type Available Water:Index 

I Afro-alpine Not delineated 
II Forest 61-100 

III Moist Woodland 46-60 
IV Dry Woodland 31-45 
V Dry thorn-bushland 12-30 

VI Semi-desert 5-11 
VII Desert 0-4 

http:grass.an
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Table 3 RELATIONSHIP BETWEEN AVAILABLE WATER
 
INDEX AND THE CLIMATIC INDEX
 

Climatic Index Available Wate: Index 

0 and above 75-100 
-.io 67-83
 
-20 60-67
 
-30 50 
-40 33
 
-50 17
 
-60 0
 

The larger part of the study area is Zone IV with some
 

in each of Zones III and 1.
 

1.3 Soil Erosion 

Although soil erosion problems in Kenya have been recog
nized for some time, changing land use patterns tend to
 
accelerate the rates of erosion in some areas. High infiltra
tion rates, which reduces surface run-off and soil erosion 
are features of well maintained forests. As the forest cover
 
is being removed in many areas of Kenya, soil erosion is
 
increasing because with the removal of the cover, the soil
 
becomes unstable and moves down the slopes with the run-off 
water. Tree cover alone on forests does not give assurance 
that soil erosion will not occur. Removal of ground cover 
by grazing or fire will result in an increased rate of
 
erosion even though the trees remain.
 

In semi-arid areas grassland may have large amounts of 
soil erosion. Native grass cover tends to be seasonal and 
at times provides little protection of the soil. Also 
unmanaged grazing is common in the semi-arid areas of Kenya. 
The resultant removal of cover intensifies the problem of 
soil erosion. The compaction of the surface by the grazing 
animals reduces the infiltration rate and increases the run
off and soil erosion. 

Good management of land under crops with improved
 
practices are the best measures to reduce erosion on crop
land. Good management practices such as contour cultivat
ion, strip cropping, grass strips, or building of terraces
 
will break up the flow patterns and increase the infiltrat
ion rate. The proper use of fertilizers, the incorporation
 
of organic matter, including crot residues into the soil,
 
and also proper rotation of crops improve the soil structure
 
and increase the infiltration rate which reduces the amount
 
of surface run-off and the erosionof soil. 

Cle-aring of steep slopes (above 12%) for crop cultivation
 
without providing proper erosion control measures greatly
 
accelerates the erosion rate on these slopes. Erosion con
trol. measures should be planned beforeany land is cleared
 
for cultivation. Construction of these planned measures 
should be accomplished as sooni as clearing is done, as large 
amounts of topsoil may be removed in a single storm of high 
intensity.
 



1.3.1 Soil Losses
 

The impoxtanaze of soil loss is indicated by the effect of
 
topsoil depth on crop yield as shown in Figure 1, the data
 
for this curve were compiled from many areas.
 

Studies in New York by Free (1956) on paired run-off
 
plots which compared up and downhill tillage with contour
 
practice showed that crop yield differences varied significant
ly in favor of contouring each year, and after twelve years

cumulative benefits resulted in 
a 21.3 percent increase for
 
contouring.
 

The following table from Hudson (1971) indicates that
 
farming practices which reduce soil erosion also increases
 
crop yields. The reduction of 230 mm of runoff saved by the
 
high yielding crop would certainly offset any additional
 
water use by that crop.
 
Table 4 THE EFFECT OF CROP MANAGEMENT ON THE SOIL
 

AND WATER LOSSES FROM MAIZE 

Plot A 
 Plot B
 

Maize at medium Maize at high level
 
level of production of production

25,000 plants/ha Plant Population 37,000 plants/ha

N 20 kg/ha Fertilizer Appli-N 100 kg/ha
 

cation
 
P20550 kg/ha 
 P20580 kg/ha
 
Removed Crop Residue Ploughed in
 
5 ton/ha 
 Crop Yield 10 ton/ha

250 mm Runoff 20 mm
 
12.3 ton/ha Soil Loss 0.7 ton/ha
 

This would indicate thatusing agricultural practices

which reduces soil loss also produces high yields merely

because of those practicEs. The reduction in soil loss would
 
also allow agriculture to be practiced much longer on the
 
high yielding plots. It would be inevitable that eventually
 
crops could not be grown at all because there would be no
 
soil left.
 

Using the results from this experiment, the total soil
 
loss to produce 100 tons of grain would be:
 

Table 5 SOIL LOST DURING PRODUCTION OF 100 TONS
 
OF GRAIN
 

Medium level of yield 
 High level of yield

5 tons/ha yield of cro, 
 10 ton/ha

20 ha area required 10 ha
 
246 tons probable soil loss 7 tons
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FIG. 1 Effect of Topsoil Depth on Crop Yield
 

'oss 
where rainf!, sim-ulators are used to prcduce sto:.:'ms of a
given length and intensity. Soil loss re1oa:urcmt: for the 
mar ginal lands of Kenya are not available. Suspendcd sediment
load mrea:.uremcnts were made on many rivers in Kej)ya and 
reported by Thomas Dunne in ].974. Measurements c:i the bed
loads were not made. A project jointly funded by the Kenya
gover.inment and the 

:oil meeasurements are obtained from snall plots 

U.K. Ministry of Overseas Development to
provide fc-tliods of assessi.ng water resources, so:il losses 
from sm. ]i. catchmentF;, and silt loads of :.ea]. rivers has 
begun in iie study area. 

The Uniiversal Soil Loss Equation (USLE), which ,,as deve
loped in the United States by ischmeier et. al. (1.958) is 
used to determine soil losses under var.ious conditions. The 
basic equation is A = R x Khx L x S x C x P where; 

A is soil loss in short tons per acre
 

R is the rainfall erosivity index 

K is the soil erodibility factor
 

L is the slope length factor 

S is the slope factor
 

C is the crop management factor 

Pis conservation practice factor
 

The rainfall erosivity index and the soil erodibility

factors have not been determined for al]. parts of Kenya.
Dr. Wenner has estimated the rainfall erosivity index (R)
 

http:assessi.ng
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to be 200 for the Eastern Province study area, and the
 
Baringo-Kerio Valley.
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The energy of moving water detaches and transports soil 
materials. The energy-intensity (El) value measures total

raindrop energy of a storm and its relation to the naximum 
30 minute intensity. Soil losses are linearly proportional
 
to the number of EI units 

12 

Q0) 

9 tons7Z 

0 8 

o0 1!8to-

.-l 

Ho 4  *--

.)0 ' 
_ 

1_027 tolls/hi

2-

Slope % 
FIG. 4 Erosion for different leve].s of production of !,a.ize 

The 2apabjlity of soil to resist c:'osion is a I.un(;Lion of 
its physical and chemical properties. The most: sit-:nificant 
of these are texture, organic ma.tter, structure. and permea
bility. In certain areas K values have been assigned to 
named kinds of soils. The assignment of K values has not 
been done in Kenya. The following values of g;eneral soil. 
types are probably the best estimate to use h]ere. 

Sand and loamy sand 0.1.
 

Sandy loam 0.25
 

Loam and silt loam 0.4
 

Clay loam 0.3
 

Clay 0.2
 

7 
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FIG. 5 Slope-Effect Chart (Topographic Factor, LS)*
 

SThe dashed lines represent estimates for slope dimensions beyond the
 
range of lengths and steepnesses for which data are available.
 
0 3. *. 
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Soil Loss is affected by both length and degree of slope. 
These factors are combined into a single factor LS which are 
shown in Figure 5 . Dashed lines on the chart for slopes 
less than 3%-/, greater than 20%, or longer than 400 feet are 
extrapolat-ions and when using values from this area of the 
chart it may be necessary to make adjustments based on 
experience. 

Table 6 "C' 	 VALUES FOR PERMANENT PASTURE, 
RAN GELAND, AND IDLE LAND 

Vegetal Canopy 	 Cover That Contacts the 
Surfaces
 

Type and .eight Canopy 

of Raised Canopy Cover Type 0 20 40 60 80 95-100
 

No appreciab]e canopy G .45 .20 ..10. .042 .013 .003
 
W .45 .24 .15 .090 .043 .011 

Canopy of tall weeds 25 G .36 .17 .09 .038 .012 .003 
or short brush W .36 .20 .13 .082 .041 .011 

(0.5 m 	fall ht.) 50 G .26 .13 .07 .035 .012 .003 
W .26 .16 .11 .075 .039 .011
 
G .17 .10 .06 .031 .0il .033 

Appreciable brush 25 G .40 .18 .09 .040 .01.3 .003 
or brush.,es W .40 .22 .14 .085 .042 .011 
(2 m fall l-.) 50 G .34 .16 .085.038 .0.2 .003 

IV .34 .19 .13 .08]. .041 .011
 
75 	 G .28 .14 .08 .036 .012 .003
 

W .28..17 .12 .077 .040 .011
 

Trees but no appre- 25 G .42 .19 .10 .041 .013 .003 
ciable low brush W .42 .23 .14 .087 .042 .011 
(4 m falllht.) 50 G .39 .18 .09 .040 .013 .003 

W .39 .21 .14 .085 .042 .011 
75 G .36 .17 .09 .039 .012 .003 

W .36 .20 .13 .083 .041 .01. 

G - Cover at surface is grass or grasslike plants 
W - Cover at surface is mostly broad leaf herbaceous plants 

The C factor relates the effect of cover and mnanagement. 
The basic soil loss is the rate at which the area would 
erode if it were in continuous fallow. The factor C of the 
equation indicates the percentage of this soil loss which'. 
would occur if the surface were protected by a given combin
ation of cover and management. The extension of the C 
factor to situations other than cropland is based on three 
different zones of influence: (a) the ve etative cover in 
contact with the soil surface; (b) canopy cover; and (c) 
effects at and beneath the surface (Wischrmeier, 1971). 
Values of C for noncropped areas are shown in Table 
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Table 7 "C" FACTORS FOR WOODLAND 

1 
 2/ 	 3/
 

Tree Canopy Forest Litter
 
% of Area % of Area Undergrowth "C" Factor
 

-1100-75 
 100-90 	 Managed 4 .001 
Unmanaged 4 .003-.011 

70-40 
 85-75 	 Managed .002-004
 
Unmanaged 	 .01-.04 

35-20 
 70-40 
 Managed .003-.009
 
Unmanaged 	 .02-.09
 

1/ When tree canopy is less than 20%, the area will be con
sidered as grassland, or cropland for estimating soil
 
loss.
 

2/ Forest litter is assumed to be at least two inches deep
 
over 
the percent ground surface area covered.
 

3/ Undergrowth is defined as shrubs, weeds, grasses, vines,
etc., on 
the surface area not protected by forest litter.

Usually found under canopy openings. 

4/ Managed--grazing and fires 
are controlled.
 
Unmanaged--stands that 
are overgrazed or subjected to
 
repeated burning.
 

5/ For unmanaged woodland with litter cover of 	 less than 75%,C values should 	be derived by taking 0.7 of the appropriate
values in Table . The factor of 0.7 adjusts for the much
higher soil organix matter on permanent woodland.
 

The P factor of 	the equation accounts for control pract
ices that reduce the erosion potential of the run-off by their
influence on drainage patterns, run-off concentration, and
run-off velocity. The P values are: 

Land Slope 
 P Values
 

Contour 
 Contour
 
Contouring Stripcropping Irrigated furrow,
 

2.0 
- 7.9 0.50 0.25 
 0.25

8.0 -12.9 0.60 
 0.30 
 0.30
 

13.0 -18.9 0.80 0.40 
 0.40
 
19.0 -.24 
 0.90 0.45 
 0.45
 

The USLE can be used to predict soil loss by selecting

the appropriate numerical value of each of the variables in
the equation, or it 
can be used for 	selection of cropping or
conservation practices. 
 If the values of A are selected to
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be equal to the maximum soil loss allowable, and the values 
of R, K and S are fixed for any givcn situat:[ion, tien the 
combinations of the values of C aid P can be made to deter
mine various crop managet.:icnt or c03]orvation pra.ctices which 
will give a soil loss equa.. "i;o or less than the selected 
value of A. 

Example of the use of the USLE to predict soil loss:
 

Cropland--Continuous maize with residue removed.
 

Cultivated up and down slope
 

Slope 8% Length 200 feet 

R = 200 

K - 0.3? 

LS = 1.4 

C = 0.3 

P=1.0 

A = 200 x 0.37 x 1.4 x 0.43 x 1.0 = 44.5 tons/acre/ 
yr. soil loss 

Cropland, same as above, but with rot ation of wheat, 
meadow, corn, -orn with residue left. 

Contour strip cropped 

R = 200 
K = 0.37 

LS = 1.4 
C = 0.119 
P =0.3 

A = 200 x 0.37 x 1.4 x 0.119 x 0.3 = 3.7 tons/acre/year 

Pasture--Canopy of short brush--0.5 m fall height 

Canopy cover 50%
 

Surface cover--grass and grasslike plants
 

Ground cover 80%
 

Slope 8% Length 200 ft.
 

R = 200
 

K= 0.37
 

LS = 1.4
 

C = 0.012
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A = 200 x 0.37 x 1.4 x 0.012 = 1.24 Tons/acre/year
 

Pasture--Same as above except canopy cover decreased to
 
25%
 

with 4 m fall height
 

Ground cover increased to 95% for area not
 
covered by canopy
 

R = 200
 

K = 0.37
 

LS = 1.4
 

C = 0.003
 

A = 200 x 0.37 x 1.4 x 0.003 = 0.31 Tons/acre/year
 

Forest--Area of tree canopy 307
 

Area covered by litter 50% 

Undergrowth--unmanaged 

Slope 12o Length 100 

R = 200 

K = 0.32 

LS = 1.8 

C= 0.05 

A = 200 x 0.32 x 1.8 x 0.05 = 5.8 Tons/Acre/Year 

Forest--Same as above except 

Canopy cover increased to 607 

Litter cover increased to 80% 

Undergrowth--managed 

R = 200 

K = 0.32 

LS = 1.8 

C = 0.003 

A = 200 x 0.32 x 1.8 x 0.003 = 0.35 Tons/Acre/Year 
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Table 8 SUMMARY OF ANNUAL SOIL LOSS FP,4 .ALCULC T.ONS 
ABOVE - ASSUMING 200 HECTARES 7TO1 EACH CONDITiON 

Soil Loss Soi.[ Loss
Tonnes/Hectare Tomines/200 ifoctare 

Existing Improved Existing Improved 

Cropland 99.75 
 8.29 19950 1658
 

Pasture 2.78 0.70 559 140 

Forest 13.00 
 0.78 
 2600 156
 

TOTA.L 23109 1954 

The above calculations and summary table illustrate thesoil losses w..h various kinds of c.cp co\v-r and lrana.ement 
pra.ctices Pwelve tonnes per hectare is considered Ihemaximum allowble loss of soil iron a :field with a de..p soilif c.r-opping is to be contiJnucd. Lesser amounts would bea.'lovabel on shn.1low soils. The tot .ls e ...- i-. ihzuadcolumn.s cive 9. indication 

rn 
of th, amount of soil .l.os 1-htcoud e :fom a catchment area o' 600 hect. with11 exp::o'.[ed

are'Os200 .t . L.'a'tm oJ Ci']roD h1ct ou)tt-r',e Lwtd i.or;esc . 'ThlelOS8-QtS fr'oml lhe c a as i exis-t(:d origc:i.u;.i ly are -::' 3.y 12
 
tes the. Ioss: Lromn the inureovcdl orv mana;eci area. file
rein.t ive arnoulli :s of soil. loss wot'ld also 
 ai)proxi:21.X,: there].ative length of time t~o siJlt up a sltoragde dam be~lovw thecatchmer area. 

The Lo].l.oing iljustrates how the USJ.,',, can be u.-' ,, for
m1ing c-cJ.siuons regaec'in 
 coppi.ng- or consorvatic,; pnxactices. 

11 200 

K 0.2 

L = 400 ft. Slope 10% 

C 0.18 

P = 0.6 

Maximum allowable soil loss 6.75 tonnos/ha. 

A = 200 x 6.2 x 2.8 x 0.18 x 0.6 = 12.1 Tons/Acre = 27.1 

Tonnes/ha. 
Conservation P C Soil. Loss 
Practice Factor Factcr 
 Tonnes/ha.
 

(1) Strip cropping 0.3 0.i8 
 1.3.56 Too high
 

(2) Terracing 0.12 
 0.1.8 5.42 
 Satisfactory
 

(3) Terracing 0.12 0.22 max. 
 6,75 Max. C value 

http:coppi.ng
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Different combinations of cropping and conservation
 
practices can be applied to obtain the maximum allowable soil
 
loss.
 

Level of crop production and crop population density each
 
has an effect on amounts of soil loss by erosion. However,
 
this cannot be controlled because of being limited by the
 
available moisture. Planting populations of greater density
 
or fertilizing for higher yields may reduce yield, even to
 
zero because of moisture depletion before the crop reaches
 
maturity.
 

1.3.2 Grazing and Soil Erosion
 

Soil erosion coitrol on the grazing lands of the study 
area is receiving little attention. The following statement 
is from the report of a study made in the Machakos area by 
the Departments of Sociology and Agricultural Engineering 
of the University of Nairobi. "Observations made on the 
grazing land indicated that erosion was a serious problem, 
particularly in the lower areas, that much land was bare, 
that degradation was taking place quite rapidly and that in 
contrast with the measures taken on cultivated land, very 
little was being done." Most of the activity relating to 
soil erosion control is being done on the cultivated lands 
as the loss of soil from these lands is more obvious than 
from the grazing areas. A considerable amount of soil is 
being lost from the graing areas and remedial measures 
should be started immediately. 

Much has been said regarding overstocking. It is not 
that the cattle greatly exceed the carrying capacity of the 
land, but it is that both the cattle and the land are poorly 
managed. With proper management, 'the land could probably 
support, except in extremely dry years, at least double the 
number of cattle now on the land. Of course, it would be 
necessary to alternate grazing areas or reduce the total 
number of cattle during the revegetation period, which will 
generally require two years. 

Now would be an ideal time to begin a management control
 
program. With the good vegetation which exists because of
 
the favorable rains during the past year and the reduced
 
numbers of cattle because of death losses during the preced
ing dry period, it seems that there would be less stress on
 
grazing areas than at other times. A management program
 
could begin in-only part of the area, and as the vegetation
 
is allowed to grow and produce feed, rather than being grazed
 
to the ground continuously, the animals could be moved and
 
progressively a management program could be instigated on
 
all the grazing areas.
 

An experiment was begun in 1949 on what was knows as the
 
Makaveti square mile in Machakos District. It covered only 32
 
acres which were divided into 64 half-acre paddocks. Various
 
methods were used for restoring the cover from sub-soiling
 

and ripping to simple enclosure. The first two years of the
 
experiment 1949.-50 produced-the lowest total of rainfall for
 
two successive years since records had been taken during the
 



- 22 

preceding half-century. The 32 acres were opened to grazing
from April 1951 onwards on land which before 1949 might have 
carried one beast to '12hectares, and have maintained the 
animals in excellent condition at a rate of one to two beasts 
per hectare. The carrying capacity of the land was increased
 more than 10 times. if th same thing could be accomplished 
today, it would rcquirc only one-tenth of the grazing as nowexists on the entire area. With all the animals moved onto
nine-tenths of the grazing area with the good vegetative cover 
existing, they could p.robablv get adequate feed. The remain
ing one-tenth could be restricted from grazing ard a program
of reseeding and rehabilitation accomplished so that this 
area. could carry the entive animal population as well as is 
now being done, if the ilts wero as favorable as that on
*the experimental area. .) ,rogr.rn to rehabilitate the other
nine-tenths of the ru.a could begi.n and theoretically on thetbasis of he MakaveLi experiment, the total area in four 
years wori.d have ten L,r.es the carr-ing capacity it now has. 
If it could adequately provide feed for twice the number of 
animals which it now does, it would be a great benefit to 
the area. 

Thcre i.s an area- near '(aipherere in the Baringo District 
whcre ar., mer has for two years kept animals i£rom ..raz2.n 
on five acres of his property. Cattle were allownd to graze 
I] it beginnin. en.i-!y this year. There ar-e now 5 hhe-,d ofc(atL.e.,
grazJur in the area. The gr,. is tall i1(. thick, and 
,'.th good ninagemer t practices it will provi.de feed for this 
number of animals most of the yfar. 

With a good vegetative cover, soil erosion will be mini
rmiized. The inlfiltaeLion rate will be increased so more of 
the precipitation will be avail.able for use by the plants and 
! ,oro fepd will be rrod oced. It may be desiL.'abJ.e in some 
o-..!. o so e a Ifcthods of watLe:r L;eJc i .ro.,such 
as; pasture furrows on the contour, small surfac' depressions,
tied ridges, basin listing, or range pitting. Water spreading
of flood water"s whore possible would be a bene-fit: not only to
obtain more plant growth from the irrigated areas, but would 
also reduce floods. 

1.3.3 Soil Erosion Control Practices
 

Soil erosion control. includes all practices applied to 
land that are effective in reducing flood run-off and control
ling erosion. The choice of these practices deoends largely 
on soil condition slope and hydrologic factors. 

Much can be accomplished regarding soil erosion control 
by easy, inexpensive methods such as planting and cultivating 
on the contour, crop rotations, strip croppinC, tillage 
practices, incorpor.ti.on of organic residues into the soil,fertilizer application, and others. There will, however, be

conditions where those i-ethod; menti oncd above will not 
accomplish the needed cont.Li. Where this is the case it will 
be necessary to construct terraces, cut-off drains, waterways,
and other conservation structures such as weirs, drops, chutes
flumes or dams. 
 In any case a very careful study of the
 

http:incorpor.ti.on
http:provi.de
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problem o1 a catchment basis must be made to determine the
 
most practical and economical methods of soil erosion control.
 
If mechanical structures are required, they should be used
 
as a base to build on, and the cultivation, tillage and
 
cropping practices should always be used regardless of other
 
control measures.
 

1.4 Rural Water Supply
 

The Ministry of Water Development is responsible to the 
government for implementation of its policy that every citizen 
have access to a potable water supply by the year 2000. The
 
current objective of the Ministry is to provide reticulated
 
water supply systems in the rural areas. To provide reti
culated supply to all rural residents is not practical, and
 
programs to provide potable water to scattered segments of
 
the rural population should be investigated. Various methods 
can be used for obtaining water for these programs such as; 
roof catchments, subsurface dams, boreholes, surface dams,
 
rock catchments, and others. One of the main problems for
 
the individual family with prngrams of this type is the 
storage facility necessary to store the water between) rains. 
At the UNICEF-Village Technological Unit at Karen, thcy have 
examples and plans for construction of different kinds of 
storage units. Instruction could be given by the Extension
 
Service to family members so that they can provide their own 
storage facilities. 

The water supply program should be coordinated with other 
soil and water management programs. Proper soil and water
 
management entails such things as soil and vegetative manage
ment to increase the infiltration .rates of the soil. This 
increases the water storage in the soil, kee.ping the water 
near where it falls for a longer period of time. This levels
 
out the flood peaks and causes the streams to flow for a 
longer period after each storm, which means the rivers are 
dry fewer days each year. This means that water is available 
at more places for longer periods of time. As soil conser
vation measures are taken, water drains off slower, also 
extending the period of stream flow. The increased soil 
moisture will encourage better vegetative growth, which will 
also slow the rate of runoff and increase the infiltration 
rate. As management practices are improved, some of the
 
streams will again become perennial and springs which are now
 
dry will again flow, and this supplying potable domestic and
 
livestock water will not be nearly as difficult a task.
 

Many methods of water harvesting, even on a small scale,
 
will be very helpful in achieving the goal as set by the
 
government. More people, especially within the Extension 
Service need more training in soil and water management 
practices so that they can assist the rural population in
 
this important task. The scarcer the water, the greater the
 
need for technical and management skills.
 

1.4.1 Roof Catchments
 

Water collected from roofs of buildings at the family
 
dwelling place and stored could provide water for domestic
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use. Approximately 0.53 liters of water can be collected
 
from one square meter of roof surface for each millimeter of
 
rainfall. From a 50 square meter roof surface in an area
 
with 500 mm rainfall a total of 13,250 liters of water could
 
be collected. If this could be stored without loss thirty
six literr, of water per da, would be available. As this 
rainfall is distributed somewhat throughout the year, it is 
estimated that a storage of five cubic meters would be nece
ssary.
 

1.4.2 Rock Catcbments
 

There are many places where water could be collected from 
rock surfaces. All that would be necessary would be to 
direct the water from the rocks to a suitable storage facility. 
Often these rock catchment areas are on the hills so that if 
a piping system were provided, water could be taken by gravity
 

, pressure to several diffe ent places or directed to a central
 
communal outlet. 

1.4.3 Sub-Surface Dams 

Sub-surface dams built on suitable sites of ephemeral
 
river streams are inexpensive ana easy to construct, suitable 
site is on a sandy river where there is a rock bar across
 
the strearm channel t.o form a base for the barrier. The 
barrier is built on the rock base and increased a sma.ll 
a.mount each season. The coarser the sand bnck of the barrier 
the greater is the storage capacity so the objective is to 
increase the height of the barrier enough each year so that 
the flow of the stream during flood stage tends to wa.sh the 
smaller inarticles over zte barrier and leave the larger 
particles 'lpstre:in back of the barrier. Water in sh'~so dams 
is much ce.-annr than that in the surface damns as tie water 
is fi le re in the a?,d. Also the evaporation from them 
is a. miimum as during the nonflow period o.. the river the 
water is below the surface of the sand. 

1.4.4 Dams 

Small darns to store wa.ter for domestic water are success
ful. when they are properly constructed. Cautions should be 
observed in construction of these clams. Do not build cthem 
where there is a heavy silt load in the strearm. W,'hen this 
is the case, the dam will soon fill with silt. Erosion con
trol measures should be accomplished on the catchr-ent area 
before damrs are built. Care should be taken to provide 
adequate spillway capaci;ty for the flood flows which can be 
expected. Design of each dam should be done by an individual 
who is competent in this kind of work. 

1.4.5 Boreholes 

The water table in the study area is relatively deep, 
50 meters or more which makes the cost of drilling, eauipment, 
and pumping rather high. For this reason very few boreholes 
are made for individuais. However, w.hen the water supply is 
not high in salt content it is generally not necessary to 
provide a treatment plant for water from a borehole. This 
may be an additional expense for some other types of water
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supply.
 

1.4.6 Water Harvesting
 

There are many possibilities of water harvesting methods
 

which if used could be a great help in providing domestic
 
and livestock water supplies. Most of these methods require
 
very little technical knowledge to execute. Generally a
 
demonstration or merely a suggestion of possibilities is all 
that is necessary to initiate the installation of small water 
harvesting projects. These could be of a size for only one 
family or for a group of families. 

There is a government subsidy and a loan program which 
can be used to finance some of these types of programs. In 
some cases it is possible to get as much as 40% of the cost 
of these projects. 

1.5 q Irrigation and Drainage 

Irrigation development in Kenya is limited by the amount
 
of available water. The most important potential for
 
development is in the Tana River Basin, and this is probably
 
the only location in the country where land and water are
 
both available for large scale development. There is a 
potential for development of approximately 1.00,000 hectares 
with the limiting factor being the water. (ALDEV 1963) 
This basin is representaLive of some of the problems associat
ed with irrigation development. There is -.ore i:,.,I-igable land 
available that can be irrigated by the available ".ater. The 
question is where is it most advantageous to use the water. 
In the upper basin the need for irrigation is more apparent 
as population pressures bring more people into the a'ea, and 
there is greater need for intensive cultivation of the avail
able lad. However, the broken nature of -,.he .ascape and 
the fact that much of the land is already adjudicai.ted, means 
that development in the upper ba.sin will bi- restricted to 
small schemes because of the complications of layout on the 
existing pattern of land and land holdings. if this water 
whi.h could be used for irrigation in the upper basin were 
allowed to flow to the lower basin instead and Lcsod for 
irrigation where large tracts of nonadjudicated land is 
available, a much larger and more viable scheme could be 
developed. Also the water could be used to produce electric 
power at the several. hydroelectric plants between Athe upper 
and lower basins. In the upper basin, the existi[irr community 
and the social infrastructure are an advantage in developmenc 
of this area. While in the lower basin there is no problem 
of fitting a scheme to the pattern of land ho.ding, but the 
lack of infrastructure and remoteness of -the area create 
problems. Other items to be coilside:r'ed when deciding where it 
is best to develop are: Ouality oX soil, cornsumptive use of 
water, crops which can be grown, access to markets or proc
essing plants, etc. These illustrations present some of the 
many problems which mustbe consiCdrecd when planning irrigation 
development, especially in a country like Kenya where water 
is in short supply. 

With the exception of the Tania River Basin, irrigation 
development will be on a relatively small scale, especially 

in the area.s covered by this study. This is because of the 
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broken landscape and the small quantities of water available.
 

Irrigation development cannot be a major factor for 
a

large increase of total agricultural production in Kenya,
 
nor will it be instrumental in relieving the pressures of
 more land for more people. It is estimated that if the

entire potential in the Tana. River 3as3in 
were developed in
the next 25 years, it would provide only enough incieasec
land for 1. of the expected increase in po,.,ulation durngthat period. It i-; also estimated ),..a the pc teiit.ial of theTana River Basin is one-half of the total irrigation potential 
of the country. 

Irrigation dvclonment is very costly and those develop
iments 
are more prone to failure than other development pro
jects. The failui'e is generally not because of technical
 
deficieneies, but or.ganizatiol problons. 
 Many huge projects 
are built thy-oughout tho world wiLih the best engineers and
the most e-perienced personnel in pl:tnrLug, design, and con
struction of irrigation projecTS, but thle poten-tial is not
,(,-e . '1~~. 1),
,chi.... 4
Tai.s is generally_ because the w--, main,,. and
canal are operated by experienred peopl.e and the farm arnli-ct,..on of . leftthe wa,.cr _s to chzance. ;suing that t Ir-,e 
mr is capable o:f' applyinLg wat,-r eificiently for the ort.mumyield of rrops. rThis is not the c.aSe, as the majority of.'ritgator; are not trained in proper: a cay .., of water oven
though they may 11ve been irrJ ga.t.in for . n per iods of time 
The phi -, of many irrigatoris J.st,3a,:, if at little water 
25. good, a lot, in better, which is not tree. 

eic-ieCI 

not 1knowil inl ti.s country, as the proper amoli "o rime of

applicat.on need to be dc e;ninccd by -c:carch and i. v t-.
 

The fo I and optir,tm app of ,.,'ater is 

Tat :on 
. The needed research ihas not 1-:. )jfr'done ;or
mation g:i ned from research done (7-sowicre cn be ,u.].i ed to

irrigat ion practices here, b-ut for co(pfte 
 t~c' y'. ig of
-Ohe probems, some research must b( done in lee 1,,-y beingir.gated to relate the research done at otc place, to that
 
of the lo'al conditions.
 

Deve1opmei-it of la..rge irrigation sch-,enes sh:ud h, :: .rted
only after being lhoroughly investigated and c-re:Ey.lv planned.
The high incidence of failure of irri-,ation sch'mes :oe nJves
that everything.; possiible needs to be done to acne their
sUccess. Small irrigation schemes can be very be.! uIul to
increase productivity and ase:.t the manyf'aIrmcr. 7'rearC

opportunities to store and 
 use sma].. amovnts ofi xv.trir toirrigate small areas where high value crop:- a:t'c rtown. Areas
 
as small as one-hundredtl- of a [e.tare 
could be a major factor
in producing garden vegetables for family us, ,'reven
sale, if water were available to irrigate 

for 
it. WI.ith water

available, crops could be grown the entire year to that three 
or four crops per year could be obtained froom this land, and
could provide the vegetables necessary for a family. 

Water for these small areas could be made axvailable in many xays, such as, collectinig from roots, run-off from small 
areas about the farm, building small dams or depressi-ons to 

http:c-re:Ey.lv
http:applicat.on
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collect and store water from small catchment areas, or pumping water from 
it 

sandy river beds. Depending on conditions, 
may be possible to pr.ovide irrigation water for muchlarger areas than that mentioned Lbove, and any water whichis stored for irrigation will be helpful in reducing floodingand soil erosion in addition -to the benefits derived from 

irrigation. 

If extension personnel werie available to assist in plann
ing and building small projects as those mentioned, thelimited water resources of the country could be used to muchbetter advantage and more people could be supported with theavailable land. 
 The early projects built would be a demonstration of what might be accomplished and other would
provide irrigation water for themselves.
 

1.5.1 Drainage
 

Irrigation and drainage are complementary practices.
most irrigated valleysthe hiigher ]ands are 

In 
cre med naturally

as the water moves down to the lower portions of the valley.The water table is raised there which makes drainagse necess
ary. From 20 to 30 percent of :he irrigated lands needdrainage to continue their productivity. The amount ofdrainag'.- necesa:-_ry is closely re..ated to the iri;,t:on 
efficiency in the 
area.
 

Drainage is the removal of .... ,ater fr'omn tho; landsurface, or ground water from bolie;., the ,Ur:. aCe . C) 1,7la.of surface water prevents surface 4J.oding cr p:,ondi ,,'- '-o that crops "Vill have favorable moisture onditjof. . Su i , [,acedrainage lowers t le water table so that thc wbtor 'oe, notinterfere with root growth and development. Iost :ou.s inarid regions contain salts, and wer eed Io:." rr''ion
also conLains salts in varying aHonts. 1-;h wat nItalescause salt concentrations within the root Zone of i.altswhich interferes with proper plar,. 'growth .the water table and salts are removed from Li e .o.:. . "th hewater, Proper leaching and water rem-oval will keen Lhe saltbalance of the soil favorable for optimum planit gro .Much of the drainage in irrigated areas is f"or sal.inity con-. 
trol.
 

Silt balance in a soil. is very important whcre v4L;etation is grown. In arid regions whore there is .nsuI :f'i..j-ntrainfall to move soil salts below lhe root zone, t wi-,.
be an increase in salt concentrations'*n the upper portionsof the soil. During the decade from 1929-39, more thatn400,000 hectares of land in the United States was aboidoned,most of it because of excess salts .in the soi.l. 3y properassessment and monitoring of salt concentrations in the soiland providing adecuate drainage, these problems can be avoid
ed.
 

There is a small private ir i ation scheme on the northwest side of Lake Baringo which uses water from the lakefor irrigation. It is reported that every two or three years,it is necessary to move to new land because of yield reduct
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ion due to excess salt in the soil. This excess salt comes
 
with the water used for ir"igation. The salt from the water
 
remains in the soil as the water io evaporated or transpired.
 
The problem may be either lack of drainage, which would 
remove some of the salts with the drainage water, or it may 
be that so little water is applied that most of the salt 
remains within the root zone of the plants. Application of 
sufficient water to move the salts below the root zone would 
solve the prob.em of moving to new ground. Moing may be 
a soluti on now, but cannot be continued as p.essure for 
agr: cultural and will rcquirm that all avalilab.e land bc 
used product ively, 

Good irriCatio; practice reduces the need for drainage, 
but drainage mun t be coasidered an part of "ny i rrigntion 
sch..Q, and where necessary, the drainage sys tew should be 
constr'uc :d as an integal part of the irr "gation :-,hewe. 

1.5.2 ,at.2 Requirements 

'he crop water requirement, referred to as the consumptive 
us;. is [the depth of wat1r necess.r.y to sutpply the water loss 
of ev:'pytcanspi.ra.t ion. This is afTected by the climatic 
cond.iions, by L crop , o. local agricult

c.
ural ,..' tt '.. 'T'o obt ain opt imum gow th o the crop, it 
is ertia! [Wht the crop needs ho2 M i.A at all stages 
of g ,lh. o','uvcr', the c f. ct of' {tL and ci~atjo, ofia 

a'rt t ar. c eOac om e , Js :s ])vnlwd, ,IO ecv-& an 
ertkhat e.K
y i cl l.: a r c r y d- n,e.ud c o n :s:i~d c rab l y w,,h a v[ w a': t r i n-"g uo u r
 

.u.K. ; the ta ;:; :!ing stagc. if t . chortave is K; lon, 
du'r.n':,on during thi.s pe'riod, the yield could be rauced to 
:,r . 'K[Ci. oP sie[ua;io"cne ir; much Zt.-t1er .iiThe yLd-1(, } .'' 
\Vatc.y :7hoC'tates'r: occur dring.r tie periodr of acJvi- 'rovth than 
if tie shPta " or.e dup'.ing. t:e I. . ;jv'.. tV p::ri,. 1. The 
(r'ji y' - ;So -al e r:ortage vu,2r'ines wi.]h dij I.' . lt crops.-] ;c' 
W v.with Wfezunh 'atlatinnof the nwo crop, but 
ge'll.y the most cri.tical StMagc is during the II'.oc> ing and 
seed dove]opmernt stages. 
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SOIL AND WATER MANAGEMENT
 
Embu--Kitui-Machakos
 

2.1 Location of Study Area 

The Eastern Province study area is a block bounded by
 
' 
 '
0030' and l0 00'.outh latitude and 37030 and 38000 east
 

longitude, and another block just south of this bounded by
' 
1000 and 2000? south latitude and 37o15' and 38030 ' east
 
longitude. This includes 24 locations in Machakos District,

16 locations in Kii:ui District, and 3 locations in Embu 
District of the Eastern Prqvince, Kenya. This is area
an 

of approximately 18,450 Km
 

2.2. Climatology and H-ydrology 

The Machakos, Kitui, Embu study area is 
influenced by two
 
monsoon systems. The movement of air masses between the
 
high pressure belts of the north and south hemispheres pro
duces two rainy seasons a year. (Kaplan et.al. 1976)
 

From December to March the northetast monsoon is dominant
with movement of dry air in a north easterly direction.
There i s very .ictle precipitation during this period. From 
March to M-ay the wind is from the east bringing moist air
which produces the long rainy season. From June to September
the southeanst mon, ;eo is prevailinig and there is air subsidence 
which inl]]hf.hs -rocipitation and hr~ ,gs low tenpera Lu res. 
There is almost i:o precipitation duringi this period. From
Septeml. e 3 to hcvcn)cr the wind is again. from the enst bring
ing rain- from the end of November trhough December. 

2.2.1 Meteorological Stations 

There are three metorological stations in the study area.
The report from the station at Machakos includes: mean
monthl]y maximum d inimum temperatures, re].ptive humidity,
rainfn 11., number: of days of rain per month, mean daily radiat
ion hy months, ,ie-an monthly pan evaporation, and daily wind 
run by months. TJhe report from the station Kitui. waterat 
sunply includes the same data as the iMachakos station report,

and the report f.'om the Katumnani Ag 'icultural Experiment
Station includes same as the otherthe data stations, except
that there is no report on pan e,,aporation. An evanoration 
pan is now installed at this station. 

2.2.2 Temperatures 

Mean monthl] temperatures at Machakos Dam var,, from 16.00C
in July to 20.5 C in March. At 11itui. Dam the mean monthly
temperatures vary 18.10C to C in .March. Thefrom in July 20.4 

Makinda meteorological station which 
 is .just outside the study
area to the southl had niean monthly temperatures varying from
20.1 C in July to 24.6°C in March. The meteorological station 
at Embu Mwea Experimenttl Station outside the study area on
the northwest reported mean month.y temperatures ',vhich varied
from 20.0°C in July to 23o.1 C in March. The East African 
Meteorological Department has published equations for each 
month of the year from which temperatur(es can be calculated. 

http:inl]]hf.hs
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The only variable i.n these equations is altitude. Temperat
ures were calculated for several locations in the study area. 
The minimum temperature calculated for the study area was 
16. 0 C at Kilome, and the maximum calculated was 27.80 C atboth Zombe and Voo locations in Kitui District.
 

2.2.3 Sunshine and Radiation
 

Records of rad:iation are available only at the meteorolo
gical stations in the study area. I'0diation varied from a 
high of 627 Langlev pe:r. day at MacIa]o Dam in February to 
a low of 383 Lang.evs per day at Kitui Dam in July. 

2.2.4 Winds
 

At Machakos and Kitui Dams, the wind runs have been MCas-. 
ured withont any rO..OneilCe to Vidrec, ion. At Machakos Dam the 
mean mont].y wind lnj va.ried from 162 Am per day in October 
to 90 km per dy i june. At Kitui dam it varied from 136 
km per day in Sept m.er to 96 km per day in December. 

2.2.5 Precipitation 

Preci.pi.tt ion .ods were kept as early as 1904 at some 
V± the stal.iuns in !>, study area. Observations were record
ed in tenths of thyu0W and .o i:nan..n i'.. 19(30, ] inning 1962 
they have b .re.o,in imute.,.,-. elii d mvii ,_.'e' of the 
s.ijons5 !t%.v; stoq] a'' oipernh.iig nod_,in -(, ] r'.olre ds; re 

dii 's- I -..U~t, . 'r. l , i wy io Cs a"6 flrequ. c.y of 
OCcaIrtac' are vCi'v (Ji t cjCa the thrcc QJ strle ..-: of t]hc 
SUy ar'cA'. Va jn:.t:aricun]lure in tIe area TY very un
cCer"tain, Pn i'.., !on, w' e r)ossiblc, will bc a means of 
:[naro'unL [ mi . in'v. p'ouuction. 

Pr Q itJ'tio)n ,'ro(' w nta'jv-,. from E.be Aftricanast; 

.- OIo] JW . a,,-t 0 s ions .', i tu.e De!,., for 6t in -

Much:akocr P H", 7 in n ,izog (] -. 5' I[u Va,..lev. Thes -..;.ions with 
their man m'th 1s' Ad me'an: annual preocipitation aumounts 
are sho'n in Appe,in, T:H ]C A. The )e'tiod co\,vy'Q0' by most 
of these stations was from 1960-76. Mean monthly ,andmean 
annual ra inf:Tli w.va- .aloJaL( for these stat:ions. The 
highest mean was 127(6 ima at IKitondo Forest Station in Machakos, 
and the lowxest was 352 mm at Voo Dispensary Stat,.n in KK.ui 

The rainiall pattern :is very erratic with e>..t rme varia
tions in both th'e monthly and annual omounts of r'ai nfall. 
The time of begi n Irg of both the "long" and "EO:crr" MK'ai.s 
is quit:e variable, mak]i<ng it difficult to determine planting 
dates when one cRn :be assured of suff i.cient mois.:ture to 
assure germination of the seeds and continual growth of the
 
crop.
 

The highest monthly averages for the study area occur 
in April and November. The highest monthly rainiai.l for any 
of the st,.tio s waos 965 mm at Mui Chief's Camp Station in 
Kitvi..This way more than the mean annual r'infall oO 796 mIm 
for this station, III Febm'u-ay and dudling June th"ouh 
September, there are long pri.ods of rainless days. The 
monthly means for June through September are from 0-16 mrm. 

http:Preci.pi.tt
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Rainfall of 75% probability of occurrence for these four
 
months is zero at most of the stations.
 

2.2.6 Relative Humidity
 

The three meteorological stations are the only stations
 
in the study area reporting relative humidity data.
 

The monthly mean relative humidity at Machahos Dam varied 
between 75 and 87 uercent at 0900 hours and between 46 and 
65 percent at 1500 hours. At Kitui Darn the variation was 
between 75 and 84 percent at 0900 hours and between 43 and 
61 percent at 1500 hours. At Katumani experiment station 
the variation was between 72 and 87 nercent at 090n hours, and 
44 and 67 percent at 1500 hours. 

2.2.7 Evaporation
 

There are two stations within the study area which report
 
mean monthly pan evaporation. The station at Machakos Darn
 
reported a mean anua. nuan evaporation of 1727 Pa.ln
for the 
period ).963-70. Monthly means at thim su;ation vary from a 
low of 91 mm for July to a hih of 187 mn or October. The 
station at Kitu Dan. reported a mean annual of 193 mm for the 
verio 1963-70 with a monthly low of J33 mm for June to a 
high of 198 mm for October. 

2.2.8 Streamf low 

.hp study area is drained by the Athi and the Tana Rivers, 
The Athi has a large drainage basin, but the low flow is below 
0.5 cumocs during dry months of the year. Most V the stroic 
which flow into it are eoeweral, gelly becom.ng dr.y 
within one month after the ,nd of the rainy sa;c., The '.Tna 
is (enya s largest riv.vr and drains the eastein ;a. f the 
Abeordares and the southern slopes of Mr. Kenya an the 
N,,aTerri 1Kanue. Considerab le irrigat ion potent:li hn ben 
identified on these rivers, particularly the Tan:n,. Alithough 
much of the potential land aras have been identi .lledas that 
on the lower reaches of the rivers outside of the :tudy area, 
it is pos-ib1e the waters of these rivers ca" he
10that some of 

used for irrigation within the sudy area.
 

Stream gauging is generall" done only on the ama.jor streams 
consequently, very little or nothing is known rt..Ing the 
flow of mo-t of the tributarie. to the main strais. 

2.2.9 Sedimentation
 

An ana,.ysis of suspended sediment data from the Ministry 
of Water Development (Dunne 1974) indicates heavh; suspended 
sediment loads in the order of 600 toncs per M" per annum 
in the Embu, Kitui and Machakos Districts. Bed load 
measurements are absent and in order to estimate the total 
sediment load or the rates of erosion, some ind6ication is 
needed of the proportion of the total load made up by the bed 
load. Approximation for bed. load discharge as a percentage 
of suspended sediment discharge vary from 25 to 15% (Land 

http:becom.ng
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and Borland 1951) depending on the oh.Ctcistic of thesuspended material. These ustimates are ontly approximations
and it is necessary to u.e indirecL sourcesz of data. 

Two small dms in tio stady area provide useful e;timate3of the rate of sedimenita ion, Kalundn.: 0a, built in 1958 asa water supply re'gervoir for Kitui Townshi . was colm:.e Lc.lysilted up by 1974. The average cYenovink q! sed imcnt 
represnts a sediment yJiW of 7o,30 ti3 nih:s/'Aill/annum.an an]ys is of Fromthe trap ..fficiency o the r.ser'vojir it wou].dsugent thatthe bed loud was at LCasc.50Results from a study of the total load.o Muba Dam in M-chakos
j ndLa,.,<; that thy total. sediment load 

DAUi 
was (of the magnitudeof 1500 .one. ,,-a / 8nnu.J. It would se m advisa ble that untilmore bed load moa:urucnt,- are obtained, that the rate ofbed load transe).r:f; be e iLmted tu b'e U!i tho saftme order as

Rsuspcnde& sedMrt YieM OD SMall CatchmeltS in BasementCom]-pex- r.teon. ("wards "977) 

Data on ,I.,n.' std i .eni yie d in the study area(Dur:nc 19Q4) c, y 1." Oal1Co g nerall 2
Ton / /anOu.' gif '7? ; ' th oAn COdeliv'y.i- \ rati[or of catcimrnts
 

i.- s it'nd e a rae of' clln 
 cltiva.cd .Hld].cisto he at le... ben tvimi Lhl fg urc. M n itude ofsoil epoi-a'Ooi /r / L a ,F r 'Q cI.-' be r.no t ,I;entimestWe O:!OU,,S ( *1 .'-()l' - I, lj I : ,1 'Vi (l.'W L.C reductions illyields. A s.11 o .r.p10 /loss is 
conSWOU1.e 
 the0 MIMMUML!Un ~captable. un.:A............
 

A j cO ,oi.nt.v fund.d 1-v the Ieioya .,n.rnw. ard the
O.K2. M t: 'o., Overcu- , Deve lopme,-nt o p r,'"sse..i.. '' VaL i 

.'ovdu method ofwater Posur.rew. wh ichAJ nin. a sttdy of srilt 
10Mio w]sonS rOJver hnNo, :g in. .50. Y o. e. Wheni.: Rlu,.... :e; . ltti(ly bi. i. 

ass ca 


W one p ' : e . l . a ma. u ( ' ' . 
w th ediment icads un oYan crovioL ca be
maao. 

http:cltiva.cd
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2.3 Soil Conservation InventOry 

2.3.1 Application of Universal Soil Loss Equation:
 

2.3.1.1 Sheet E.,sion: 

An attempt was 
made to quantify the effectsheet erosion by estimating the rate of of
soil loss from
the study areas of Machahos, Kitui andcollected Embu. The dat-,iby the soil scientistsused as c!L the study team wasfar as possible, To estimate the soil lossfrom the Universal 

section 1.3.1) 
soil loss equaLion (discussed in 

at field capacity. 
it was assumed that the soil moisture wasThe actual rain fall factor 
taken
being R=200. 
Reason for choosing this factor forstudy area was thetha- the estimated average for
represdntative stations in Keny 

sore 
By computing from the rain gauor 

is 200 r1977
stations charts Yrom variousthe 130 index (30 'injute .,inalnn
 
index) was 
 calculated for 10 
 I t onin a iarge area bounded by "Vo1 

Rnnur 1077).
Nai-oh ! anduse ol {=200 in the absene. o1 

R, nui the 
any other reliable R isunavoidable at Lh:is stage. 

The coefficients foy the soil phys.icalWere obti,ned from the chara cteri.sticssoil s'vey
units were 

da"-,, e twentyselec. cd on tho basisinformati, of a 1ablj sni,.,.,01 of them had a co:ff i.nThis is 1-ocause t ofi K0.20.the soil surveythe mann Ig, indicaties thasoils of the area arei'oly . ,.,.enphasi.z,,ci v It 1032 tothat th b,units us'. . car;absencec ""A ew :j the0 ' (Ilrect souLrce; oJreiiferonc.' labror Unjry da1a', Witto the un ive s i oil loss ,ua.its app tojn I (., (p.ge 12),i n Ube cae a.
soils is 

1.achn ,-, K.i.u. and ]Embtui regarded suitable at this .vge be... the]'un:'or ic aT Vacl of the coci 
,

ients 1orethe surv'ey data obti' udcl f'omfrom rIatiniia.Iand cha,..rts al'.cnyc(Wenner 1.977). .culaedMere compliete i.nforj ion should bcobtain-d to select the control practice's best Sui. t.ed tothe particular neds of
even catchmaent eacharea units. farm unit, soil un its, or 

2.3.1,2 The R Factor:
 
Rainfall: 
 is th.e most important factor indiscussion. erosionThe amount and the intensity 

any 
of rainfall are
the two 'majo"rpropertios for a rainfallerosive. to be calledWhen a storm falls on a bare landthe top soils, with it erodes some force.referred to Thisi force or energyas Kinetic energy ofand tintensi the r',.n is termedty lin ~ hich it falls iS given 

as F. 
is then a formula as i. Therei= x I where R = R-ainfal 

E = h:netic energy of 
that ra:in

I = the intensitv (usually
taken for a period of
30 minutes). 
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The R values are obtained from rainfall data, while
the E values per inch or mm. of rain are exprcs-sed in loot-
tons per acre. This can be converted into S1 units if necessary. The I values are expresoed in inches or milimc'ers 
per hour. The 6um of computed F! values oY a givno ti eeriod is a numerical measure of the erosivity of all the
rainfall within ht pociod " :.. etal(.Wis. I cJer 1967). itis through this cOmpulitaton that Aivalu.s are obtai.ied,

values for. al. oart of ]Ic, a ar e not yet available.
At present the 200 has to be relied on. One of the
difficu]mties th'at must On CL in mind is thi; very few
rmeasl . I-.-ents n .aupe ;o-ndM1 made at high ial lof this iiaxv'c 

intensM.,s. Th,'.-,e 00 - md 
 byv an independent sing.e
w"orker. d '- ins '10X l Land 1- n10,',' ,') (3J [eiil no Ite h t.tis figurre
can W,)entirely eli.;d upn,. DTiT' renr. parts of Kenya have
different tv o f vinr am:oun-t It tI-.uf: ,
may b ''... .:gst that inve. .ga J ,ivevork Wuwards
the goal oi gi . i n m:. '. .valu.s for Kon:,a be iiia.. as son n possible . already was 
devewi, ' 

,:..,O.ndrx discussed 
US-,A fih n,,rd 


that Ti us.e ,of W O .ad 

d r cdr: i ]o on h-s h'w''ver, "ar ad 

, fOIo h-. liountrip' with WiW'iiL 
rainfal1 1 d mSi. nay be an i , HrT. 1-,h f-ore. 
;u nis* tt. t mxn of V7 thanLi 1 (ace K jlae Wi 
di-cy i . belo ') wh'ic1 ,'. I'o - wit h l " •kI ra .... .. ... *O 0 (P'~ '' ... r.s O (Hud( ] (Lj:'! 4)Ci] {: ' ( JI , "".i-.'.is as:[,_- . unwFul-" .. LJ_ 

esinu 0Y
.LLI-:'Svily Lu S10 i to iial zItn EvIkea MrY''l'" i 'i ol RE1 rrnn 1i110 t.(ily 
at 3si o mor'n" M n 1 Qo or y , I[c. I,!.
lo S! ',.i. ( e i 'ntnsity o becuve; Y 1'5ik .1],i 

S] ... t p0 of . usefsln,1:.1Jors of tho. U r1,c 

ol low- , ti I rnw,,. i ti(,hi t o i ,,gci t e " [Q "o .ow1 lIoI 


be pr a ay anfuri :iu nrrKo therfor u n o.ron wil be i ni nit abl c: :.11 thini I ack12.ne inic inrymai. 

th].gJ tat, u-h are of
under :ucrencee dhn 2" y i:. s i6 iadeuo; ini n.; ,ut 
follr thatc.Loay cisent of cool vuioteave c1v.y , wl .. sobeteate thheereforend wil result 1.in o: w:r,.;ion hazard
bi g r c in 1 the area, 

2 , ', The K Factor: 

The X factor i~n tho equa.tion wa.s given the val~u. G.20 
in ocat hae an wasn then asoertai n. by fric obeonvation
that the soil nitshanJ. d. i n gra.for......iod.....eding 2 ye'nrs, but'tv aed p, fo ase....o:'this ex.posure: did not
alter- theirl cla~y conte.( Th~ e so._ phys{ica.l chat'.(er;i-.t....

determl~lined in] the fi.eld] were ta[h/e.,n forD] al.lOcatJj'lRq W,,C K, factor 
its pla]?c~e inl th}e equ]"" 0 n.' This c ha n'i='MJC?][y "ana" l'.... 

ou a e
m at h i v n s o me]i n i a io n]o f r'es i.s t anc e to e ro sio n]found in differen,- t soils in-the sudy ae. S-,-, aseto 
erodibility of Kenya soiJ..s will b btter known .'en theUniversity of Nairobi Engineeri.n Department pubi:hs, their' 
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findings from their rainfall simulators (personal contact).
The soil mechanical analysis in the field liave determined 
some other values of K e.g. there are values of K=0.23.
K=C.25 or K=0.19 the differences are, however rather 
insignificant where the erosion is conce-rned. 

2.3.1.4.The length of Slone: 

The length of slope has beei given a uuifrorm figure
of 50m. This is because the slopes are qualitatively
classified by the team's soil scienOti-sts or their qu':. :tative
values rather exaggeratec to an extent which is not practica)le
Experience has shown that most slopes in small holde'
farming areas of 'iachakos and Kitui are 50 meters longIt is considered thaJt a selection o 50rm. is good sc.ire such
length is Likely to have no interfe-rence from t:he top tothe botto.r,, such as rcads:;, ditches or other inter j,.
structures. 

The Slope percent w,.as recorded from roLadings obtained
from Ji nometres . Thl's is fairly accur ute. ,1 iJ .o ngthand the slope ani.e in de"gres \wre c; i nod to ivc. Va lud 
of J9 T]he value was,eP.1-31 L]lT-.,I' obtaiined from atlready j)p.'epai ad car-ves(V (.......so
d o:] ,Wic' is C.!I ,,,..orC) . andl r,-:cor~ded iq the Dn ,UL lJ p<rrate 
column. The Kenyia Soil S,.rvey Slope Co assifi c.tiop - hown 
ill table 9. 

2.3.15 The C Pact r 

Th, C factor in the eju ation is corp] catted. A,
atdtet.I wd,- .Lio Y 
i.eld i forma Lieo) ,o-:]dend
]. leratu re to arriJvo at - tt.tv,. , ;c-ur-c.O '.,. 1'heC facto," c11ch a1. .ro..as ted a mai ,.e cro:)n iii l., si' 5 . r
wc'st coYar3 t on- ovn in Yab]c. 10, Th',- Ju.- ',--' ,

,( U.IU O" c.l : V.I:i08x; S u, d
thr) .S . i- I p:.'lr:3r.,oI ; boIAa50'~, .in blic 1.3 Lhe b cla,ind i.s rjiv. th c'c tions 
o.;: ]' ;i.O08 wI O]'- 10 COVer o ]'l , go' o t .is 3. .. . .
 

Yj',O.Ig rcs r"11 to vor-V high v\,a .Us . T - ro.... 

\i lat~.
CV C'I iiarves t are d refoT:0Vd Co b1)t.c .d'' -o sEven if' left isit readilb t ck- -y 'ermi_ (,: :-r 

1.hesUn de. I. cond .i.t 1 s , tier r,,.ize yie].Ats r 8iif - ! , 7bags ':r hectare. The i'ollowing crop st ~lges .,'.,' c'ere taken from ,1)SCS..(6uide for erosion '.c..d 

control 1975 . ) theAp)oix C . Undo.c worst condi i . crop stage nperi.od is as follows : for Machakhos, Xitul .1..0
Mbeere area of Embu District. 

Crop stage period F - Turn plowing io seedi.ig --.'c.,/:!rch
Crop stag-e period I - Soedbed prer-iaraLion to 1 !]month after 

plant ing 1,archApri.Crop stage period 2 - Establ lshrnei-t fromi 1-2 t -Apri1/ayCrop stage period 3 - Grow-,,ig 3r.,:-d aft.,xcovei month seding 
P'lay/June

Crop stage period 4 - Stubble from harvest to ploughing 
The period in the study area starts with- the long rains\which 
begins early ,arch. 

http:seedi.ig
http:nperi.od
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Table 9 

Slopes are classified as follows: 

-Letter. Slope 'O Average 

A 0 -- 2 
B . 

2-5 
 3.5
C .5 8 6.5D 8 -16 12.E 
 16.-30 
 23.
F 
 30 -50 
 40.
G 50 --80 65.
 

-h USLE
i ia rat.o of soil. I.ossfrori .) t e' under 
o s no 1c r, 

ecifIc eco .itjio.s to the~I Tess rojif~ tzUSte~ ~ f~,c t i I CC)-~~r~.. ~~~I" c, co 11 1110m :K. lowo". ...... cdc .- C;I I..] ,-t] r Theh c ;:U lA.: 1r- I thed. :1:ite,..J-ateci 

T',]. P. ',i c j) ,, i j . e t . 19 6 7 ) 
t ] ' L!f' , - 1 j.c tL r :.: . 1 '1'.%. e 

....... ..... k 

)u, 

7 2(., ) to 1G (POO kg )
'V:0 U-i i L:L..i. sv~ eIC(lp ., ( , b,.ti t ca.

e ,a c- I IAIJL c i LL LjI V - .) L.. 0.111 

.)..11.Pc~c1(11sile j:I 'Ic l.] C, ~ 1 ~ 11c ion 

'Lab .. : 10 

Calcu:atiorof C .actor for a r.ai zc cro 

2 3 4Crop Dates 5 6Reading 7from Crop stage EI j.1 Soil loss C ValueCurves in' 
 Period rtoc1 :laio Column 
AlCFI 1',GC 5 &6 

raize lfe1b to lMar. 14%
iai. 2.Ma to ].. 213 

F 7 33 0.0231 
Ma. ze 2Ar., to ].a.V 43 2 

48 0.0624 
"j t Jun. 0.10783,ze .Jun to 

65 21 35 0.0735iJul. 71 4 6 80 0.0480 

Tot-l C Va-Lue 
.. . .. ' 0 .3148 . 

0.3u 



__ 
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Figure 6
 
monthly cumulati've percentage of annual erosivity
 

iOO 

7 ,/ 

! I c n tI 

_ _f5 J[i F i 7 I 0i 
. I Ii I I , 

- ~ - _ -___ 1 9___ __ -_____ __ __2 P.-n/!
Naiob- ';l '-- ,,,.._.'" -- -mbu 



- 37 -

The C factor for a maize crop in the study area
 
is determined for five crop stage period column 2 in the 
table above which shows the act:ual dates when maize is 
grown. The percentages in column thlt,-- is3 in table read 
from Fig. 6 
 which shows the month ly cumulative
percentage of annual erosivity for areas ,.,robi, ,achak)s
Ki.tui and Embu (afteri.eiiiner 1977) colunn J siows the cro)
Stage period already dis:cussed, column 5 shows the Ey
value in period obtained by the difference between the 
percentages at the beginning and at the nld of' neriod e.g.
14% at the belginning and 21% at the end T7I.es This 
is the value entered in column 5. The soil loss ratio
in column 6 are obtained from Table 2. Agricultur-al Handbook No.
282 USDA. Column 7 is the product of column 5 and 6. 

The C factor for maize, sorghum and beans was 
again considered separ Aely. In each a w as,,i.,cacrop
regarded as being grown in a particular 1one.]however, 
very little consideration was given to any of the zones 
as the data i s yet to be made availab.e for each zoe . In
gen:ral maize is grown fai.r)y succ+,ssIuJIIy in zone .iLL and
sorghum in zone IV whil- beans can be o','. in any of. the 
two zones. To tree c.'ous aro 6 cu sse. s:!Jarate.,
Observation i u thIe fic d has ow ,"ast h C1 ,.an s
 
are interpLa!ntd. Tis practice c r-,.-] L to lo.ss soil
loss irom -. slope. ThIjs fact hae p o, 'e. e, - ,_yon l. coln 

i. gij.\Ve 
stan!",-'o ic1 . t....g ar'e J'- p
Le,, attent(ion ,'s pai. t.o p)ar t.i-u,. vr ,j.(-i.,; ofC r.],

bidti- . tumar.i '', ofet:yI!ai e and ' jo VT U.L 

Con,,jA ti. ,aS for Cro):1: \Yh,,O -)-'.' l1OV, ' . 

' t. f.
boans are wh, we in 1;1 eno i.4 ha ve. mind. , i'he V9 1' ii-y oY
sorgh111uI! llmo l" favour (l many Dn r t s C ,. bit n ),st i l 
COh,,.La. i~iOl was takeln over sorg1uLl W wi.,.\vorki.lng, cut 
the soil los s r'tj-os. 

2.3.1.6 The P Factor:
 

The maa;Pgement P was given the value P=. This is 
the value wh i:h assumes that the field Js ploughed up and 
down the hill, without any conitour farointL, contout, farmili' 
plus strip cropping, or rotation of crous, or even contour 
farming and tceiracing. In Machakos and Kitui and some 
parts of Inbu soi.l.El ;'le 
 loss fiugres nreeoed .in the tables
might not be true now since there is conside-able con)scrvaticn
practices in the fields. The figures pert.in. to areas 
without an conservation oracuice, 

Sorghum is drought resist.ant and can outyield
maize in the drier par t:s of Maeh-akos, Kitui and Elbu. The 
table below is worked out to showv the C factor in case 
of sorghum grown in the area. Sorghuu is usually not
intercroppe(, v,'ith other crops In 1.h, re, ion. It takes four
months seedj.(r to harvest. Sorghur,m, recuires a rainfall 
of at'least 12-15 in (305 to 318mam.) duiring its growing
ueriod, and' it s the:'efore the nearest croo to our.
R=200mm factor value used through out the calculation in the 
equation.
 

http:COh,,.La
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Table 11 Calculation of C factor for a sorghum crop 

1 2"3 
 .4 
 5 6 "
 
Crop Dates Readings from Soil C
 

curves* Crop stage El in S
period period ratio• Col.5 *C ol.6 

Sorghum lJan-lA'r, 21 
 F 7 
 70 0.0490
2Apr-lay 44 1 23 7C 0.17482Ma:,,1--.Jun 35 2 21 64 0.13442Tun-iJuI 71 3 6 
 38 0.0228
2Jul-IAug 
 73 4 2 65 0 .1300 

0.5110
 

.,Ihe dcscri.ption of columns 3 to 7 are similar t1o those of a
 
lrjaizek crop after Table ]0
 

The taNe b,-.!,,w was worked for the beans in the same area.To get ),,si .ce rt.io fc artie iar crop stage en ods:,,nut r I;,oya bean values ve obtained from the t-'ld ':1111 t' ""1(7,!j The awer ' m betwe en t .wthese .legmesWere fColQe' toje closey rela*".Ocit-, , M ,-: bean.x,1 :i s rown tiin :.tucy a.ea,. No fi rues werew..C1 . TheT.-cn-, of Cowl'aS have ala, Ofst the 
s,.e.... h'.h iour. a : that o.r. Thebeamn.;. condiLOn of rOW h 
or cow-e. i, fu)clamentally the assame those of beans. 

JUab:J C ... C-.l.e].ittion cf C for'a ctor 1enc,; 

2 3* q) .. . .. .... *6 7*

C0') Paes eadj!nGs from Crop stage El in So j 1 .o:.s Col.5 

curves period period ration xCol 6 

etnF .. Jar 14 , 1 49 0.00492Mal a.-Ar;r 21 1 7 62 0.0434
2Apr-1ay 44 2 23 55 0.12652"v ,Jun 65 3 21 32 0.06722Jun-..!Jul 7 4 6 54 0.2420
 

* The description of columns 3 to 7 are similar to those of a 
maize crop after Table 10.
 



Table 13 CALCULATION OF SOIL LOSS USING UNIVERSAL SOIL LOSS EQUATION
 

Soil 

Mapping 
Unit 

Co tLutins 

R K LS P 1. : 

BARE GROUND 
Soil loss 

C ton/acre/yr* C 

MAIZE 

Soil loss 
ton/acre/yr* C 

SORGHUM 

Soil loss 
ton/acre/yr* 

BEANS OR COWPEAS 
Soil loss 

C ton/acre/yr* 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

MBr/DF 
MQI/DF 
PIC/AB 
PFr/AB 
PIr/AB 
UU3/CD) 
UQI/BC 
UUC/BC 
UUCI/BC 
UNrl/BC 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

0.20 
0.20 
0.20 
0.20 
0.20 
0.23 
0.23 
0.20 
0.25 
0.20 

9.9 
9.9 
0.4 
0.4 
0.4 
2.0 
0.8 
0.8 
0.8 
0.8 

1 
1 
1 
1 
l 
1 
1 
1 
1 
1 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

29 0.7 
29 0.7 
2.5 0.7 
2.5 0.7 
'2.5 0.7 
10.5 0.7 

5 0.7 
3 0.7 
5 0.7 
5 0.7 

277 
277 

11 
11 
ii 
64 
26 
22 
28 
22 

0.318 
0.3148 
0.3148 
0.3148 
0.3148 
0.3148 
0.3148 
0.3148 
0.3148 
0.3148 

125 
125 

5 
5 
5 

29 
12 
10 
13 
10 

0.5110 
0.5110 
0.5110 
0.5110 
0.5110 
0.5110 
0.5110 
0.5110 
0.5110 
0.5110 

202 
202 

8 
8 
8 

47 
19 
16 
20 
16 

0.242 
0.242 
0.242 
0.242 
0.242 
0.242 
0.242 
0.242 
0.242 
0.242 

96 
96 
4 
4 
4 

22 
9 
8 

10 
8 

UNr2/BD 
UI.r2/BC 
UF/AC 
HQR/DF 
HNr2/DE 

HNr/DG 

200 
200 
200 

200 
200 

200 

0.20 1.6 
0.23 0.8 
d.2O 0.5 
0.23- 9.9 
0.22 5.0 

NO !'ATA: 

1 
1 
1 

1 
1 

TIE 

50 9 0.7 
50 5 0.7 
50 4 0.7 
50 29 0.7 
50 19 0.7 

SLOPES ARE TOO 

45 
26 
IL. 

319 
154 

STEEP 

0.3148 
0.3148 
0,3148 
0.3148 
0.3148, 

20 
13 
6 

143 
69 

0.5110 
0.5110 
0.5110 
0.5110 
0.5110 

33 
19 
10 

233 
112 

0.242 
0.242 
0.242 
0.242 
0.242 

15 
9 
5 

110 
53 

MQ2/DF 
PFh/AD 
AXb/A 
UFr/BC 

200 
200 
200 
200 

0.15 
0.25 
0.2-
0.20 

9.9 1 
1.3 1 
0.06 1 
0.8 1 

50 
50 
50 
50 

29 
8 
1 
5 

0.7 
0.7 
0.7 
0.7 

208 
46 
2.0 

22 

0.3148 
0.3i48 
0.3148 
0.3148 

93 
20 
1 

10 

0.5110 
0.5110 
0.5110 
0.5110 

152 
33 
1 

16 

0.242 
0.242 
0.242 
0.242 

72 
16 
1 
8 

* Short ton 

R = rainfall erosivity index 
K soil erodibility factor 
L slope length factor 
S = slop factor 
C = cre management factor 
P conssurvalon practice factor 
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EMBU STUDY AREA
 

The study area 
in Embu district concentrates on
 
Mbere area which comprises two divisioDs. ,iakago division
 
in the northern part and Gachoka division in 
the south.
 
These two divisions had received 
some conservation attention
 
only when the Special.Rural Development Programme carried
 
on soil and water conservation works. 
 Field visits revualed
 
that Lhe soil erosion process in these area has not reached
 
such an alarming stage as that of .achako., Kitui or Baringo
areas. The present agricultural staff have been :ntroiucirKp

conservation measures such 
as graso, strjDps. Tt was found
 
at Mucho'okc that one 
frmer had stnrtod practIisinag eoszon
control measures. A ully 3 ft. w.de vhiclh had startori Lo
form was cuntrol-led by a thin grass strip. It was pointed

out that the grass strip should be aopr.ximately 2 meters

wide. in . tchonoke v.,rea the 
iarmers are jut starting opening

UP land Tor cuit .vation Soil Conserxation measures chouit
 
be dooe first when the 
 and is still virgin and when n..tural 
Vee.tat ion can ba left as to conserve the soi1. For tI.lage 
practices, the ..Where inhi. tants use ma.inliy ox--dru'-n pluughsjembes and pangas for clearing up. The farms are small
 
holdings of about 4.1 haz (1.0 acres).
 

A visit to a farm nou;- Muc,,noak primary schuo 
revealed that the old terraces t.)er-. 
 had sihl.ilized eXcept
Wherc there re nti hs or where th a iiln had t.rodde-" . On , a c e
the bench r s a varieCty of heal]thy crops w'ere rfown- maize, 
beans, mill..et, mangc rr-cs anmcd bou.;aa trees, it is evden'tthat e farm in1arf.a-cmen this part can s; Qraise es 

term,:: of Jr 1t po.' hr.., illormi 'ni was obtanr,,d ito the 
gr sw P1i,.t:. M]C te off n"We. vary II\Q. ti stabil 'iz 1N: 
1arm:c vl$3tii in the artns hi i v,' n-Lat,. , j a ,. After 
.. ... Y.... o.f g... s M More f-ecil in.C........
soil pr]osion on Miopes o!f 5 Wo 101 
Li.n "woula orpnsW!n,4v.. 
struct: On form on wich cro'ion bus been brought under
control hy th' usc of grass 
str ips could by uised foc
).lQ;nstration.
 

rThe grass strips should he laid to follow tMe contour
 
lin,. it is found int Lmbu that whr 
thi is not the ease
the water boke through and eroded the soil on the lower sides
of the slope. An example of this was seen in the farm mentioned.
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2.3.2.1 Cut Off Drains:
 

In Gachoka division several cut off drains have 
been dug already. No proper information was given as to 
why they were constructed in S ,,ptenber 1977. The ready 
answer was that funds were av.ailable. It was also found 
that no provision had been made for the discharge for any 
of these cut offs. It was found that in less than 6 months 
at least two of those cut offs had broken out and gullies 
were beginning to form. The extension staff who lay out 
the conservation structures must know that a water- way has 
to be provided to conduct the wvater from cut off crairs 
safely down the slope to a natural depression or water 
course. If this is not done a cut off drain should not be 
cohstructed as it inLensifies soil erosion. The grass 
strips in Sinkago division should be mace popular also in 
Gachoka div'Jsion. The ten different farmei-s who w 7cre v;isi eu 
and questi.oned on the grass strips -felt very good about 
them. They not only were preventing soil erosion but providing 
lorape for cattle. 

2.3.2.2 On-going activities: 

1. 	 There are six nain soil conservatlion projects in the 
area and more will be started when these six are fini.shed
Tr..Vo 	 areas in Mbeere division: 

......k ~,,on - Itira in Nthawa ]loca-lion 
(ii.) Ka!'.y :w; in N th.-'a loc.ation 

In G-(choka dvision the DDC has recorrmendad the 
following areas in Jbe-ti and li :vurla locations: 

(i) Rupingazi Valley Slopes - in !.1beti location 
(ii) )'iirinia Slones in '.) vuria . oca ;Jon 
(iJii) ]iachina in Mavuria loc ation 
(iv) Ngrira - Gichiche in Mavuria aocatl.on 

2. 	 Land ad,judication has been done in some of the locations 
and' the ]):.op].e arc happy with these adjudica L.ions, 
Four areas were nemarcated on a clan basis whi"e ten other 
areas have been ea rmarked as adjudication sect ions, 

3, 	 There is much shifting cul tivation go:i.ng on now and the 
people who are engaged in this praetice do not want 
adjudicat .on, Shift cultivators are not conservati on 
conscious. 

4. 	 Some adjudicatin done, may have been carried out on 
uneconomical units. Some of the areas (perhaps should be 
left for ranchin; becaus e of the soil type, either it is 
too sIal.ow rocky or the slopes ave too steep-- or a 
combination of both for farrming. 

2.3.2.3 Conclusions on Soil and lWater Management in Enmbu.-,ibere Area 

1. 	 There is very little sotil conservation activity in Embu 
Mbere area. There are nc local groups such as Mwethya 

http:aocatl.on
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in Kitul and Machakos and the people seem to have 
never had any contact with the soil con-ervation 
station at Ruiru. This station is supposed to be 
serving Embu area.
 

2. The training of extension staff seems inadequate, as
 
evidenced by the layout of cut off drains which do not 
discharge their water into proper drainage channels. 

3. 	 Land registration is slow, many p.ople do not like it
 
and there are land disputes penadi.ng.
 

4. 	 Ishiara Scheme to the north of the study area has failed 
to meet its goal because of four problems which should be 
looked into: 

(a) the scheowe is a practical fa:i.lurc because of lack 
of techrnical know-how, 

Eb) water is not edc effuectr:vely 
(c) di.sputes amon , the irri gtin farmers 
(d) sal inity p]robI.on 

5. 	 Overgra i:i.ng is becoming evident but has not yet become 
un:Lversal. It should be cleced carly. 

2.3 ',T ime....nt ... . . (An cm.e takenonc. ruet now t.yrpne 
T. o I " (-", i(, O," 1). L: 1 2t 

According,' to record, hold b,;, District Ag,1,itural 
Off"e., the whol e d i-i y:a. it s. 30'0, 7w thy. ' oi r.u ,iI h a 

of 15 ,p000 ,eo,l, and 10"i, of tLA; number i.e. 
60,00 ..ii-Thners ore -nga di in constru i ng now [t.Ir:,. ;C::
Di [ffereni slaop,, are aucate( thu mber of membors engagod 
Jn constructing new ter.'aces as foo :S 

Table k4
 

Construlcting new terraces % of 60,000 nembcrs Antual number of oo .,c i.n (:~b ],.

Slopei Enr
 

0-2 	 5 3,000
 
5-15 	 40 
 24,000
 

15-25 	 25 15,000
 
25-5 	 20 1.2,000
 

More than 35 
 1.0 	 6,000
 

TOTAL 
 100 	 - 7U15. 

There are 90,000 Mwethya group members who are left to 
carry out the repairs on the already constructed terraces. 
This is 60% of the districts, membersh ip of 150,000 members 
who form the 3000 Awe1 hya groups in Lo district. Each 
Mwethya group works twice (2) in a week, Each time the 
group works for 6 hours a day therefore 2 x 6 = 1.2 hours 
of work per weck. If we multiply this weekly hourage with 
4 weeks we get the number of hours- per month per Mwethya 
group.
 

http:p]robI.on
http:penadi.ng
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Table 15
 

Repairs to Old Terraces
 

Slope in % % of 90,000 members Actual Number of menders 

0-2 
 5 
 4,500
5-15 
 40 
 26,000
15-25 
 25 
 22,500

25-35 
 20 
 1.8,000

,Ioje than 35 
 10 
 .9,000
 

... . . . . . . . . . 9 0 , 0 0 0 

The following table shows the output in hours
 
per Mwethya group. 
 Each s lope angle has been a]located

its sha ,e of memhers who participate in the wyork for tLalt
 
nar cicular slope angle.
 

Time Spent- on New Terraces 

Table 16
 

ni", ,pG hrs per month No of Miemhers Total brs . ... mor1 

0-2 48 3,000 144,000 
2-[ 5 48 
 24,000 1,1.52,000
15-25 
 48 1.5,000 720,00 

255 48 1.2,000 5Y C, (;0.
-35 48 .000 28._ O.,TOTAL 
 .6t, 000 2,880,000
 

Table 17 

Time sit on Remair.nr Old Tei,raccs 

Slope 7an,.e o i-rs per vionth No.of members Total hourag 

0-2 48 4,500 21.6,000
2-15 
 48 36,000 1,728,000


15-25 
 48 
 22,500 1,080,000

25-35 
 48 18,000 864,000


-35 
 48 9,000 432,000
 
TOTAL 
 90,000 4,320,000 

Finally we 
see that -- 60,000 members x 48 hours per month
will spend 2,880,000 hours in constructing new terraces
and tha, 90,000 members ;. 48 hours per month will spend
4,320,000 hours repairing old terraces. In Machakos alole..
Mwethya groups s'end a total of 7,200,000 hours on tcrrace 
work per month.
 

http:Remair.nr
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Terrace repairs and construction is heavy

physical work. If the workers are termed unskilled then 
their gazetted wage rate is Ksh.].25 per hour (see Kenya
Gazette SupplemenL No. 42 of 1/4/77. 

Frequent].y peop]e will not work for the hourly 
rate of Ksh. 1.25 and the figures qhown here are only 
as inti Cators of how much is the output by the Mwethya 
group members. Individual unskilled workers ask to be 
paid Ksb. 2 per nuur .on similar job. Assuming 4 months 
of Miwethya grou activity per year its shilling value 
in Machakos is 1.25 x 4 x 7.2 x 106 = shs. 36 per year. 

2.3.4 GULLY 	 EROSION 

The Uni;.versal soi], loss equation already discussed 
attem.to e di ct splash sheet and ill erosion fromarable 1Man, b. does Pot consider the gully erosion, 

';'Icnstreh-n4..rOv.' or or'o:ion from non--arable land within 
the c(at-.hment 

Gully evosion which¢l comos after sheet and rill 
eCroal; in occ .rs in M1hrc(C ways. 

i. 	 'e.v rf of . nlme ino,:asCs sufficiently in 
vumnc, ,. ve1cciy to cut. deep .incsious (FAO No.781_ Romp,.] 9(5) 

Hi. 	 where eoncenirated water flows long enough in the 
same c.annel tb dacvetop dep incisions 

M, 	 they w:ay acC-.o.. in unchecked rills or they may 
d(-velop in nactu1ri depressiopvs of the land surfac
whore 2UlnlOf Wslo accumLa] at . 

All these conditions appear in the study areas. 

Tne gullies found in Eastern study area are a 
mixture of V and U shaped. Their shapes dckpending largely 
on the resis!an(e of the su)soil on which they occur. The 
depth:n are a].:<o varied ranging frowr one metre to 6m. deep.
The width of gIl.lies also vary. The larger widths ranging
from 	 a few metres to about 1bm. wide. The lengch of the 
gullies are variab-le dependent on the slope and also 
whether the gullies are wearing backwards up the slope. 

Table .1 presenl:s the current status of the soil 
erosion in the two study areas. All the forms are grouped 
together in these tab]es. 

The soil mapping units were categorised as follows: 

0-1 No erosion 
1--2 Shect erosion alone 
2-3 Sheet and rill erosion 
2-5 Sheet, rill and gully erosion 

http:attem.to
http:Ksh.].25
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±:_ -X:iz._.:'.':,u.IO.2.n_. 1 L v ero M::'ch1:oMXtuin.xi:iir. 
EML3U
 

EcO. Zone Mappintg Unit Hectares Soil crosion Type 
rating 

. _-.1 . - - ___________ 

E _200HIb/ I 2,3,' Thnet; rill, g .I 
II t,DF 18,] - Slig'ht shoet 
I1 MiQ 1052'
I iI 2 ,DF j 5 gulliesU~r.,/SC 90___ 33 Siheet
 

TO_! 75j9 _ _
 

ill 3500 2 shect 
111 /EF 15943 5 jully 
III .'1r/F 1 - F*sheet - i 
III ?,,Q,/DF 16230 2 to 3 sheet 
il± MQ2/TF 179 5 ' .- 5y 

bJ'.i/BCfI ,4970 s. t 

11 Ulvi1 /2C 2310 i shect
 
Ill UN/!C 22031. 2
 

. U'iD " 600 j 2 sho~'t &. j'i.ll 
, rUU3 , C 7.5 3. .. " 

.I I UU.,'3C 80 3 seet l111 f UliChI'BC ..,1I1 2 , ... , &. ri'..L 
l['IC2C/CD 7 -C '1 hc;.t to . 

Z 11 ,.:: !BC 95SP, sheet.i 

TotIl ' 0.. .. 

IV T',. ....L ,';u LI 

,iQG 

IV iv Mh"'o... 3 0 0
 

iv w/' '", 1 ;, y 
IV q1.V.DA 6113 2* :~xt~g!i 

- ... '.,,.,..
 

1V I 1170 0 I;I 
IV PIC/a. 20 3 -, Y111.tV I Li!d/'Al 35 0I 
17 U!.'r2/R~C :l 2 - 3 iseet!U-C-g'C ]. 4 .M.....1055 ' 

IV I U;i./AR 7552 1. - 2 l c
 
17 ULi,'/Bc 709 2 - 3 sl,,: 

" I L i! duod0 
 0 

TV IrI|' tb ]3595, 0 0IV VI1'8D I9 1 0 

3i'2IV 30'i: 1 . 2 .;he't 

IV , 850 2 - 0sheet 

UJhi4:.. l2ivl 1 2'.2 3 2 -. 3 sheet - ".'ii. 
IV L .I 2017 2 - 3 .'. - . 
iV, U'Q,,,- 1 7].23 1 .- 2 F;ee. 
IV 6 / 1.243 1. 2 s Ie U 
IV 'c" 'I' V 1109%/... MG 11 -2.- 2soa 

! 7 1 UU 'Ec 3 22,44O 
IV IO1V 1 UU..,!RC 30232 1-2224! 1sheet 

'0.i 2 - 3 sheet , :'J. 



Table )1_qcont,.hued 4 

ECO. Zone Mapp.n- Unit f!ectares railero_'in Type 
ratin 

IV til 2/D 9.',.7 2- 3 sheet & ril 3. 
iv UU31Br 3727 3 . sheet & gully 
)V 128I.,/C 3 -4 heet &_I.,-u]L.y 

./ B"10 1U 2 3 sheet t. rill 
JN'
IV UUCl/.,3

,u1 .,./,ii 
C7u3
3726 2I - 3

2 
.);hreL

<,;eet 
&
&. 

ril
rill 

].V IT(" /'DIE 77C! 2 - c: Fhectr. l 
IV UUC.,/; C )2 'i2 .hot E& rill 
1U 1",6-5,1 2 - 4 C.'t & ri 1 
IV UU': 320,5 2- 5 shect ril & 3 

I '%r I n(Yj2 2 - Shc'e 1c i2 >:j 

] V "A~l~n!4 ,27;F; 
v 11cI) 5 I L 

V I'X.j;)14N*;63 
".tSLL 

2 
."'1i"-

14ShLcet 
t 

.- -U11% 

/Dr 8... 2 5 S.cct , . 
3i3." 4 Sileci. & I!] 

V 5 I .2.:, 

V 

V I V~~
?IQ)/'TJ' 

Pt"J/." 
)~2

l0(_)c5 

Pj, '.: 

~ 1 
- 5 

1 

shcr 

c.o 

:nil.I. 

.. 

Xul] v 

1' , 

V 'P]C/,'l 6 2 -3 ~ :,],;st &.' rill 

V' U]'d/A " ,n 2 s sh' , i.i 
U 'n...C ]'"8. 0 0 

V ~ 
U d!AC

"cU71/
IU-/:j 

I318052 
S,:1',.,3

] 552-3 

2 - 3 
0 

siheet 

:.et 

& 
0 
L 

i.1 

1ill 

V Ui..;C ).6Gm 0 2 - 3 shet . .. 
v' x;'r,. 1 ,c

V ~r:C 1,. -
.ool2 

2 - 5 
"1 

1u).y
J!eeC,a t 

& 
^, J 

v V 1 F CL5)JTh,,C 5i,2. 4 gul ].y 

V ULb/D 1551 ]. - 2 sheel 
1U: /1-'C S'1003 1- 2 zhet 

.,'r. 2235" 2 - 3 slhee, - niI 
V {lNJ2/Fi) 7886 2 - 3 shect-i ill 
V U(/A 90 i S 2 shect 
V UQ]/}'C 

UQ /CD 
20606 

482 
2 
. 

- 4 
- 2 

:hect- oj] ly
sheet 

V U0.)/AB 93.5.1 1 - 2 sheet 
I UQ2/,, 1307 1 - 2 sheet 
V UQ,)/CD 3937 1 - 2 shect 
V UQ "l2ei 1 -. 3 sheet & rill 
V lJ ,t 3'. P ao 

vL. aC 2S39( i - 2 Sheet 
V1rI!/C 39 1 - 3 shct & rill 
V. 47797 1 -. 2 sheet 
V UU,, 72983 2 - 3 shcet & r. 
V IU/C 2514 1- 2 sheet 
V IF,/CD 5065 1 - 2 sheet 
V U.3/Sc 2173 3 -- 4 she " & g'.211'y 
V 1U3 / C'2472 3- 4 t1'hoet' 
V IIU,,CD 4068 2- 4 shcet L I' 

U3,.DE 7?01 2 4 sheet ' 
V UUC." 70270 2-4 do 

UUC/EC 5057 2 - 4 do 
V .C1/ i . 4 sheet & rill 
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Table 18 continued 

Eco.Zone Mapping Unit Hectares, Soil Erosion Ty l e 
rai ings" 

V UUC2 /AB 
 2298 2 4
- sheet & rill

V UUC /BC 
 10559 2 - 4 sheet , iillV UUC 2 /C 8266 2 3 sheet r-iliV UUC2/ / J 90115 2 - 3 skc-)et rillV-.. VXV!13E 5010 2 5 sheet,.r:il , gu] Jy 

TotilV If 12022 

/ 7.15 0 0 0 -- ]1o cro -io:a
V]. PFn/A 25"78] 2 - 3 sheet ?; g illy
V10 U. 1 /BC 1I01 2 - 3 sheet b ri.l 

TOTAL ALL ZONES I,37,800 

'r.e Klnva Sol ,,lurvey Sy,';st ooe af:LiJg for ,oil cr'osJ.on 

'ile gu .I d i .cas equnire. gg . tre ar cc; ofn
Kerl "o,-)
Val: g'L1here i'no113c] an of lands calne onl 11h ich f arm ahsoyii!o
 
dJti., culL to .
 

a.t .ou d a e'a rctis ireu ]!.d ior-tr LIn-. oef-; u .nJ.1 . aidit ion N',o,i!\'1ual efcri.-s , ,.,1nee gul.ly Cont1ol. s one . tl off :r, , ot ost ;y al lc] J.c' o trl. il-i( 5urers. : [
is howeve,:p never too late to do s.o-n, :,IiJ1 g ..The nr;ro!cms o.' overgra. ng have lw,:,, alreay l o d 

mainly in 1,l. A.on 1jo sheet and 1i erosion. I.C a catclir,,ent
gets a redhuct ioi Jn the densiy .Vf ion throueIhovergrazIn, the vat.1:.n ci galn nunoffs an .increi ;,d ve!.ocitywith tihe YJ SI] of bhogilJnJ.Ic guilly cro,ion. This j.i ti.e caof ]aringo cstuclv area as Ias aJ.r-eaciy br:er mentioned. 

Tab Ic,::-1 .td 20 show the extent of gully erosion haza jd
il3 Mlachako.3 , Kitui. Elmbu, BainfngoThe soil and .Ker. Valley a5easmajppin un i. ts have boon Prou])1od together arcI( the.irhecl: ra'e ca]culated A otl,,. of 41('3a. is gulliCdMaehako.ha,.isituilaiod;j-l n 
Machakoms, Ki.tuli 1kiand area . is re-,esorts 25.,5% ofthe whole area. It means that 25%; o:i the isarea in need ofgully treatnment measures. In laronro and Kerio Valley,gul].i.ed area is 275,.691 ha. v'.'hbJI, is 55', of the whole area

the 

requiring gully treatment measures. 

http:gul].i.ed
http:bhogilJnJ.Ic
http:cr'osJ.on
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TABLE 19 

GULLY 1]jOSION !N ,',ACHiAKS,. KITUI AND EMBU AYIEA 
Maoppi u, Unit Area in ha. 

HQb!EF 
-Q2/DD' 
IIQb /EF 
M1B I/DV 
MqQ2/DF 
UUC2 
JINr].!]/D, 

N r2/fljTI 
HQb / Ei 
MI r /IDI 
,Q I / ,Y 

Dt -1, 
U...,/CUU3 ,UU'-"" 
UU3/C 
]]2 / c D 

VXC /-,3!I 

][Nr ?!b] ; 
S ' 

,,.,io /i-[u.! 
:'-' ' /";u-" 

1,200 
10.522 
15,948 
1,614 

1.7,995 
1,700 

350 
10,370 
32 686 
55,962 
9,81.3 
6,44 13 
1,0553, 103 727 

1.,892 
32,045 
13,002 
14,968 

, 1389 
9 26(i,92 

10,830 

1), 
- /,'1
kr!, 

l.H.) ,: 
V.c(/ 1, 

IiU?. l::2, 
13C82,GO4( 

/I,,4r7.-[73 
4,472 

5,010 

TL 467. 686 

,,,j,,.- ". 7S ION r;'i B Tlr cC) ND. KER IO VALLEY AlJEA 

"-' 
FXC/ 13D 

Ib/EE 

A),2 
LIr/AB 
TiXb/BC 

7F15,0813 
59, 1.25 
23,81.3 
42,063 
44,0603 
11,938 
78,876 

TOTAL 275.691
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2.4 Rural Water Supplies and Water Conservation
 

2.4.1 Rural Water Supplies
 

It is the objective of the Government through the Ministry

of Water Development to supply every citizen with potable water

by the year 2,000. At present it is estiiated that only 130
 
of the rural population is served by water supplies of vary
ing degree of service. The PiI.O.W.D. through the rural water
 
supply program RWS, the minor urban water 
 supply program
MUWS, the self help and DDC projects are all set with one

goal in mind that of alleviating water problems where women 
spend most of their time carrying water over long distances.
 

The .978 population of the study area covered by the three
 
districts is estimated to be around 683,000, 330,000 and
 
79,000 for Machakos, Kitui and Embu respectively. Of the
 
above population the number of people served by water 
is about
 
88,760, 42,900 and 10,290 respectively for the three areas,

i.e, that there is a potable water supply within 5 ki.
 

Since the RIWS program was starlted in 1970 Machakos and
Kitui have had 5 projects and 3 projects completed respect
ively i.e. a population of about 10,000 for Ma'Lchakos and

4,000 for Kitui. 
 In Embu, the special Rural Development

Program (SRDP) has constructed two projects, Ena -and Ishiara
 
and the estimated population served by these projects is 
about 3,500 poople.
 

The next RS program IV estimates the niumber of people to

benefit in the study area as around 40,000 aind 10,000 for

Machakos and Kitui areas respectively. No projects have been

approved for Embu distri.et, within the study area.
 

The MUWS program which started in 1974. included the con
struction of 42 water supplies in the minor urban areas theof 
country. These urban areas have no supplieswater at present

or the water ,-upplies currently in operation are inadequate

and below the required standards. The objective of the
 
program is to provide to these urbangrowing areas water of 
the required standards.
 

In the project area, the urban centres covered by the
project's first phase are Kitui, Machakos, Kangundo-Tala and
Mwi.ngi. The first phase was expected to be completed within 
five years but considerable escalation in 
costs of construct
ion and materials affected the budget for the projects result
ing in delays while more funds were being sought. The com-.
pletion of the projects may therefore be delayed for some 
further 4 years or more.
 

The next phase of the program which may not be implemented
until after the 1980's proposes projects such as Mbooni,
Nunguni, Makueni, Masii, Athi River, Sultan HIamud. Kibwezi,
Kalawa and Masinga in Machakos; Katse, Mutomo for Kitui; and 
and Ishiara and Siakago for Embu.
 

It is apparent that the goal set for the turn oZ the
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century for the rural wvater supply will never be realised 
through the RIVS program only. Ilo\weyer, this has been realised 
and self help projects aided by DDC and other organizations 
e.g. CARE, Missionaries and Donor agencies has done a lot 
towards meeting this target. Their programs are directed
 
toward assisting self he].p projects. 

Some of these projects e.g. Wango (Karaba in Mwea(Embu) 
Mutune - Kitui etc. are quite successful. 

The idea of pipcl water appears to bc the accepted fashion
 
of any water supplies within the rural. population and the
 
tendency is to shun any other form of water development. But
 
extensive water projects take years to p.an and implement and 
small projects based on roof catchments, dams, subsurface 
dams, rock cttchrnents and development of springs should be 
emphasised. There arc some quite successful small projects 
in thC study *,a eLg the Ngomeni and Yainbyu rock catchments 

,(Kitui.) , thr~ 'erie (Kiangombn- hil.is, E'mbu) , and Ki teta 
(M booni - '.iachakos) itater suppl:.es basci from springs. 

There are other potential areas which could be developed 
e.g. the .:trcrema rock catchment in Embu, Evurori location 
which extends for more than 3 ha. 

The ,o1,-Yandunm, springs in Nluu location Kitili district 

could sel.'e a usejul purpose if they were developed. 

2.4.2 Water Conse.,-.va.tio,) 

This is undoubtedly the highest priority need in the study 

area of the thiree dis :ricts. rfhe lack of permanent rivers 
and the un'eiability of the ground water resources necess.
tates the need to conserve water. 

Thoug1 Einbu district has quite a number of permanent 
river e.g. Thuchi, Rupingazi, Kapingazi and Tana, the 
study area t5 qute like MacJuikos and Kilui, the rivers being 
quite remote and woLld .tequi re a lot of? financial inputs for 
the area to ben)efit from these rivers. 

Water eonservai ion, ii the form of con's truct ion of large
urfae d;ms , water, holes etc. has been going on since the 

A.,D-;V period and also through the dams con~struction units of
MOWD tho soil conervation service, ,leOAan' the National 

You-h Service. 

Records to date indicate that Machakos and Kitui have had 
about 826 and 313 dams respectively for each district. 
However, most of these dams have becn broken down or washed 
away. The rest which are rcmaini.ng are reckoned to have 
their capacities reduced by 50% each year through sitting.
Studies made on sediments carried by streams (Dunno 1974, 
MOWD. Publication) indicate h avy suspended sediment loads 
of the order of 600 tonncs/Klin- for Ernbu, Machakos and Kitui. 
This figure is only approximate and the magnitude of the 
bedload has not been indicatcd.
 

The Kalindu Dam in Kitui district; built in 1958 and
 

http:rcmaini.ng
http:suppl:.es
http:Kiangombn-hil.is
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completely silted up in 1974 indicates an average yield of
 
sediments of about 733 tonnesJKm 2. Anotlher dam is Idachakos 
Maruba dam indicates sediment yields twice th-at of Kalundu.
 

Water conservation in Embu district was not intensified
 
as in the other two study areas, but the need to conserve 
water within the project area is as important and necessary
 
as in the Kitui and Machakos areas.
 

The land use in Embu is not as badly managed as in the
 
other areas but nevertheless the population pressure is un
doubtedly building up.
 

Water conservation should be carried on a watershed/
 
catchment basis starting at the top. This should not be
 
carried out in isolation but other activities as well e.g.

controlled livestock grazing, reseeding of pastures, soil. 
conservation, afforestation etc. should precede or run con
currently with water conservation. The dams construction 
units of the MOWD is not adequate to serve all the areas in 
the country and such units need to be increased. Subsurface 
dams should be encouraged and run alongside dam construction
 
activities on the same basis and any other form of water 
harvesting. 
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2.5 Irrigation and Drainage 

The topography in the Embu-Kitui-Machakos area is such 
that major irrigation projects are not practical in most of 
the area. The rivers have cut deep which leaves much of the 
land with slopes too steep for successful irrigation except
by over-head metbods, it would require canals of consider
able length to distribute the water in many of the areas.
There are a few areas where the topography is suitable for 
irr.igation development, and investigations should be made 
regarding the availability of a water supply for these. 

The water supply is limited in the area, and there are
 
areas outside the study area where the topography is more
favorable. Careful investigations need to be made regarding
the location of water use. 

With the exception of a few potential sites which will
be mentioned later, the major irrigation potential is the use 
of water on small projects, such as the irrigation o:f. a few
hectares or that of a small garden plot or even a single fruit 
tree. .evel.opment of these small projects will rcquire
extensi.on personnel who can assist individual. farmers or small 
groups of fa±'mers to plan and develop the water supply as 

. a a in of application tieassitanc, .. principles water to 
land to be abl to obt:, in ept~imum production incrcase with 
the limnited .:miount of .]able water. Ev' %w'xtension -orikers with 
expert ise in ..- deveJopment and irr ,t ion practices arew.t.r 
not availabl,. Too often an irrig.'ation project fails because 
the water use, is not truijed in pi'oper water application. 

Considrable research and invest igat ion is necessary to 
determine h.,st method::: of water use unde, ex.,stin,- cl Jinatic,
soil, and croj. conditions in a givei location. Eveil ,'here
large proJe;( -,'re possil, the f:irst phase should be ori a

13al so methods of water applicajion arescale thL-,t -hst 


det-rminecd e;a.rly to 
avoid mistal;es as the development of the 
projecl; progre-sses. 

2.5.1 Small Pi-ojects 

The greatest benefit of irrigation in most of the study
area can be obtained from a very large numriber of small .ro
jects, develooed genierally on an individiual farm or a sma]ll
d-ainago basuin. First efforts should be to increase tlhe
infiltration rate. By doing this more of the precipitation
will be available for usc by the plants. Wi.th this accomp
J.ishod, the pl!tnts will produce better and more regularly if 
irrigation is not available and ,here it is used less water 
will. need to be applied by irrigation. 

In soil and water management it is necessary to keep as 
much of the water where it galls as is practical. To accom
plish this, small storage facilities need to be buil.t nearthe head of the catchmient basins. Planning and design of 
these storage units should be such that the water when need
ded can be utilized for irrigation. The emptying of the 
storage facility by spreading the water on the land makes it
possible to store a larger percentage o! the next rainstorm. 

http:extensi.on
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Utilization of the small storage facilities, including the
 
soil reservoir, on all portions of a catclhment area will
 
greatly reduce the peak flood flows and tend .to 6ause the

rivers to flow for a longer period after the storm. Some of

them will eventually become perennial streams with proper
 
management practices.
 

Examination of daily precipitation records for some of
 
the rain gauge stations in the study area even during the
rainy season show that there are periods -f two weeks or
 
more without an appreciable amount of precipitation. When

this is the case, water from the small storage facilities
 
mentioned above would be very beneficial in increasing crop

production.
 

2.5.2 Use of Runoff Water
 

Using runoff water to produce crops on lands which receive as little as 100 mn annual precinitation has been practiced
for more than 3000 years. Ancient farmers in the M74iddleEast cleared hillsides to increase runoff water and built rock
walls on the contours to collect it. Similar systems have
allowed agricultural civilizations to survive in desertregions. Using runoff water by methods similar to that nien
tioned could enhance agriculture in the semi-arid areas of
 
Kenya.
 

Runoff water from noncropped areas directed to cropped

areas can increase the soil moisture storage around the crops.
This extra soil moisture may be the difference between some
production or 
complete crop failure. Chief Wilson of the

Kateta Location in Machakos District has a grove of aporoxi
mate 1200 oral. ge 'r,:ees. MIoisture from natural precipitation
is gcnerally not sufficient for optimum production of th,'se
trees. The trees are spaced farther apart than is nccessary
in an irrigated grove. He is preparing the land around each
of these trees so 
that the water from the fringe areas is

directed to an area occupied by the tree roots. 'asins are
constructed around each tree to collect and store the water 
so there is no runoff. As the trees are young, with the 
first production last year and the water harvesting is justbeginning, it has been impossible to ohserve results from
this project. It would seem, however, that nothing hut good
results can come from this type of activity. This qyst.m
could be used on any number of trees. Again it is mentioned
that flood flow peaks are reduced. Soil erosion is reduced 
to a minimum, and additional water is made available to the 
trees probably increasing production. 

By dividing watersheds into small catchment areas ,hich
would allow the runoff to be controlled and directed to 
areas

where the water would be spread over cultivated fields; crops

could be grown on these fields. If the fields were prepared

with channels and terraces to direct the water uniformly over

the fields, an irrigation would be accomplished with each

rainstorm. A nareful design would be required for this type

of system to prevent excessi've runoff and erosion from storms
 
of high intensity.
 



- 54 -

Another system is where flood waters are deliberately
 
diverted from their natural channel and spread over adjacent
 
flood plains or detained in sma]l dams for later use n
 
irrigation. Again a careful design and layout are necessary
 
to prevent damage by flood waters.
 

By using methods such as those mentioned and similar ones, 
crops can be made to grow in areas which are otherwise too 
dry to mature a crop. Yields from many cultivated lands in 
Kenya's marginal area can be materially increased without 
istallation of costly irrigation projects, and it will lower 
the risk of crop failure. 

Runoff agriculture requires a deep soil that can qtore 
considerable water bei:ween rains. It will work best for deep
rooted crops such as trees and shrubs which extend their roots 
into a larger volun.. of soil so they are less dependent on 
frequent rainfall. As modern experience is limited in irri
gntion from runoff areas as mentioned, it is necessary that 
considerable research and invest gatiei. be made to determine 
the extent of these practices. Specific site prerequisices 
are necessary to be able te practice irrigation by these 
runoff methods. Investigation needs to be done by persons
 
experienced in this to dcterjniie suitable locations. In many 
cases the farmer could develon his own runoff scheme with 
ass3istance from tho:se with experience. 

2.5.3 Ishiara Scheme 

In E,,bu District near the town of Ishiara there is an 
irriaiogn:, sl-eme oltaining water from the Thucihi river. 
Th.is scheme wns initiated in the early 50's by the African 
Land Devcop,'ient Program (ALDE). This scheme was success
fully opera{,ed for v.ra years. The scheme consiscs of a 
total of ha and each farmer ]a., 0.8 ha for cultivatio:, 
With political change in the early sixties, the running of 
the scheme was transferred to the 1.mbu County Council. The 
County Council or the agricultural extension staff did not have 
the technical and managerial comuetence for operation of the 
scheme. Tn 1968, the Ministry of Water Development recon
structed this intake and did repair work on the canal system. 

Because of lack of interest and management, the effective
ness of the scheme has gro-v, dovrhi ll recently. The scheme 
was visited in February 1978. Very little of the area had 
crons growing which were adcequatcly cared for. Much of the 
area has been planted, but apnarently nothing had been done 
with the land since plantin.. The technical assistant who 
is in charge of the sch&-;n, reported that only 10 of the 37 
settlers on the scheme were tak.inf; care of their crops. It 
was further reoorted that the location chief gave no help or 
encouragement to the scheme. TFhe Technical Assistant stated 
that he has no power and cannot control the management. The 
farmers will not clean nor i.mialntai.n the canal. The farmers 
do not pay for the use of the water or the land,and apparently 

do not think they have an economic stake in the success of this
 
system.
 

Water is being misused. An apDroxirmation of the amount
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of water flowi.- into the canal at the head was made. With 
normal. seepage and -:.1 losses there should have been 
sufficient to irrigate an Crea three times the size of the 
scheme. Water was allowed to run for long periods of time 
and lower portions are being water-logged. It is very likely 
that if corrective measures are not soon taken the land will 
become useless unless expensive correction measures are taken. 
The soil is good. The lay of the land is good, and there is
 
adequate water to expand the scheme to several times its
 
present size. There is also good irrigable land available
 
for such expansion.
 

The Tana River Development Authority has made a preliminary 
feasibility study of the scheme (TRDA 1978). They are
 
recommending rehabilitation of the present scheme and increas
ing the size to 140 ha. , half of which would be north of the 
Thuchi River in !MAeru District.
 

Before this or any other irrigation scheme is developed,
 
a very careful study of the causes of failure should be made 
so as to avoid such failures in the future. The Ishiara Scheme 
may be an exception, but it apparently does not provide any"
thing to the economy of Kenya and is a big exoense to the 
country. Thpre is no advantage to spend large amounts of 
capital to develop schemes of this type. 

2.5.4 Eastern Kitui Potential 

Near the eastern boundry of our study area in Kitui there 
are large areas of irrigable land, possibly as much as 
100,000 hectares. The soil is suitable. The topography is 
right for irrigation. If water is available, extensive 
irrir'ation developiment could be accomplished in this area. 
The Principal rivers in this area are the Ikoo and the T ua. 
The M1inistry of Water Development reports that they have no 
records of streamflow quantities on either of th,.se rivers. 
If there are suitable sites for dams and storage reservoir 
on these streamns, the area could be developed for irrigation 
to the limit of the water supply. 

It would be desirable to phase the development of an 
area such as this by starting with very small areas, a few 
hep.tares, to conduct research investigations to determine 
suitabilit$' of different crops, cropping patterns, a-ount 
of water necessary, economics, and others.
 

2.5.5 Other Projects
 

Work has begun on the Masinga dam in Embu District. This 
will form a large reservoir on the Tana River for river 
regulation, power generation, and possibly some irrigation
 
in the upper Tana basin. There are also sites for reservoirs 
for water storage ,eing investigated by TAMS on the Athi River 
and more studies should be made to determine if there might
be storage sites and water resources available for i-'rigation 
develop~ment. Although it hns been stated that irrivation 
cannot he an important factor in agriculture in Kenya, it is
 
important that all the wnter which is available for this be
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determined and developed. It has been stat. Lnat a better
 
living can be provided for a family from 7 Lectares of 
irrigated land than from 200 hectar' ;.i rough pasture i.n 
a 625 mm rainfall area.
 

An analysis of the water needs should be made for each
 
project site. In Kenya this is done by using the potential
 
evaporation derived by Woodhead, converting this to potential
 
evaportranspiratlion by multiplying by 0.8 and subtracting from
 
this value the dependab].e precipitation, usually at the 75%
 
probability level. An example of this is shown in Table 3 
of the Aprendix for the Ishiara schemo. Duringthe early phase
 
of dve]oonment, an education and training program should be
 
part of the nrog.zrn. The number of projects necessary in soil
 
and water managemnt requires skilled manpower far greater
 
than is available in Kenya, both in numbers and level of 
training. In the three stages of an irrigat ion projoct, the 
p].anni g, constiu,.:tion, ond opera, io,, the first two mAy be 
done by expatr:iates or ipJtC-ynationatJ. coitlaOtOrS, hut tle 
ope2ation phase of a project is b:..sL: staff,handled by local 
EXpatr iaLC staff are no t ,Jcsirabl,during this phase .or 
several reasons. They are difficu l [to obtain in suo.icient 
number' :. It mav be d.inult to je.t peornnel who vil live 
Jl th)e ject areas. They may un available(C6.L rin Li,.11mes 
of in t fCot'io"/ ..o i sis, or their pr'e'nce ,y discou'a'o. the 
tra.nin ancd promotion of local 1)i.s.On.i,. If loca]. , .. Cf 
were lbi.ao.t;ht ontn the proj,,ct: at . beginninrg, ot he pl.annirig 
and dani..,n sLage, they could be L ainu'd som'eh.ia: in thc. 
technin] a. cuui of of systelms.IIU oper'ation Wri.'i r'' tio!n '-Thi. 
would reduce the dependence on ex."patriaite ursuonnel,' 

The trainingi should he at all levels, i. -chnicians, engin
cers, ,,--o.., etc . Sore who have had foi,,l rcad,mic train
ing could get oh.-Lie-joh train ng by working with t.rained 
personnel oO1ti: t O ,project I.Oe, ,r-onee-'d :more acade-, ic train
ing beyond tht 5vil_able in Kenoya could be gjvcn scolarships 
for adc i:lonal overseas training;. 'Tra.ining of In can) versnel. 
:is ono M' Mhe most; important aspects of proje(-..t n any phase 
of soil and water management. 

http:som'eh.ia
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SOIL AND WATER MIANAGEMENT 
Baringo-Kerio Valley 

3.1 Location of Study Area 

The Baringo-Kerio Valley qtudv areais bounded by 0015' 
' "and 0 0 45'north latitude and 35030 and 36 0 15 east longitude.

This includes all or part of 1.2 iorations in the Baringo
District, and 2 locations and part of another in the Keriyo-
Maraquet District. The District headquartev.q are at Kabarnet 
for Baringo and at Iten for Keri'o-Maraquet. The main 
populations centers for these districts are at Marigat and 
Tamback respectively.
 

3.2 Cliatology and Hydrology 

There is only one meteorological station in this study 
area and only seven ra-ingauge stations with a record of more 
than three years. Several rainguge stations were established 
recently and records of three ye;Lis were ohtained from the 
meteorological department. Recor-ds of the oth'ir seven stations 
were also ohtained from then. 

The Tugen Hills go throu-1h the west central port:ion of tire 
.s'tu' area, They have an eleva; ion wo'hich r-ises to moe than 
2500 met ers. W'est. of these hillr is :he Kerio Valt ..:,y with 
the elevation drops to be I ow 1000 -oters at Lake, L 'i- o. 
Tener.m(-.)atures at the Ma.rigat mcteo,ologica] stat ion are repor t
ezto have a mac.n inax imum of 33.7- C in Feruary and S(). 4, n 
Ju11y for high and low max i ri.ms . 'ihe me1n rr:i n.imum varic-d fromi 
a ]oC of .15. C in 3eDItc;~hcr to a hic,h of 1.8.OC in A.- rii 
The cnper.aturu, atat thel gb, e va ti~ ', W.oLd 'I)(, Ce1.,these 
amounvariedats;X.ooepo'tued relt Ajve humidity at- this st a. i-on68()1o 53',O at 0900 -,,11:ro same

vi ofom 42" to 29% at 1500. 

The mean annual evaporation from a type A pan was 2576 mmwith ,a mean of 248 urn in March, being the highest moothly mean 
and 1.89 r-m in July fcor the lowest monthly mean, 

The rainfall, varies with the elevation. The mean annual 
at Pcer.erairr irgation near Lake ilaringo being 663 mm and the 
mean annual at Katimolke Forest Station 1503 mim. 

The preci)itation in Baringo-IKerio Valley is mostly from 
April. to August, with January and February being the driest 
months. 

3.2.1 Surface Water 

There are several perennial streams in the study area,
Perkerra, Molo, Sandai, Kerio, and 01 Arable. There may be 
othevs, but there are no gauging stations reported on any of 
the others so there is no record of them. The Perkerra and 
Molo flow into Lake Baringo. The Sandal flows into Lake 
Begoria, while the Kerio flows beyond the study area into 
Lake Turkana. Quantities 6f flow for these streams are report
ed in Table 
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Lake Baringo is in the northe.st nortion of the studv
 
area and Lake Begoria, a salt water lake is in the southwest.
 
Part of this la ke is outside of the study area.. Between 
these two lakes is a series of s,,,amps which very l.ikely at 
one time was a water Jreh Lake Baringolake, connecting 
and lake Begoria, making only one ].arf-e Lake in the area. 

http:northe.st
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SOIL CONSERVATION IN
 
BARINGO - KERIO VALLEY STUDY AREA
 

Soil Conservation measures are 
needed to ensure
 
that land is utilized sufficiently to produce some
 
food for the inhabitants of a given area. Baringo and

Kerio Va]ley in the Ri:ft Valley can be managed such that
 
land produces enough for the local inhnbi.;ants. This
 
review is 
to present in outline what is happening to Baringo

and Kerio Valley related 
to soil managenent and conservation.
 

3.3.1 The Soil Conservati on Situation in Baringo: 

According to latest 
reports from the District
 
headquarters, Baringo District enjoyed some 
fiiancial
 
help from the distriict development committee to carryi
 
on some soil conservation work from 1974 to 1975. 
 There 
are no records to indicate how much terracing or other
 
conservat ion wo'ks were undertaken. however, trraces 
were measured out and constructed to conserve the soil. 
Water ho]es were also dug. The construction '.rk)in1075 'fnas 
done by the soil conservation service, Nauiu w'hi ch 
released Ihe machi n ery for construction of 'at, hoies 
Nakuru soil conservatoJ.ol service reldol.S pid ansistance 
to farmers , insti ,ruti.ns and :o Governuent ho'i:ucs re uiring:
their service, but t ,y are not expected to conti tnue 
working any where unle.ss an a:usrance of payrm(,nt ior
sorvices i, made. From 1975 to 1.976 (one hundlc.d and seven 
water ho c : were constructed ifyKtouthe vn divA.',onn wV'erce 
the farmers nave title deeds. Tho figures belo:w prasent 
what waq done,
 

Total - (measured laid out) 
- erraces
 

1975 
 1974 
4 6 ,713.46 m. 27,242.76 m. 

i.e. about 47 km. about 28 km.
 

These figur7es suggest very ].ow output for a distric: 
with severe rosion. It should be noted that. The figures 
presented represen, high potential areas of tho district

with remarkable neg lect in the grazing area towards the
 
eastern side and the lake region.
 

In soil conservation as 
in other related
 
agriicultura]. practices, a stock unit is an animal whose
 
weight is 1000 lb. i.e. 454.5 kg. live weight. If then, 
we have in range areas; goats weighing an average o:f 200 lbs. 
(90.7 kg.) each, it. would follow that 5 goats in areas

surounding Lake Baringo would be one stock unit. 
 One stock

unit requires 10 acres (4.05 ha.) in this area. Soil 
Conservation measures, therefore, would he effective after

realization of the recommendations on revegetation and
 
reseeding programmes contained in the livestock report

which is dealing with the carrying capacity of the land.
 
Animal ownership of unproductive animals for prestige on

the land should be discouraged through the chiefs meetings.

The DDC members shou].d also be involved in this campaign.
 

http:27,242.76
http:conservatoJ.ol
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3.3.2 The Geographical Zones in B3aringo:-

The Study area in Baringo and Kerio Valley occupies 
the low zones, medium zone the high zone and the Xerio Valley 
itself. 

3.3.2.1 The Low Zone: Is characterized by an altitude ranging from 
914I m. to 152.1 m. above the sea level.

The rainfall ranges from 50i)r, 7 am.to i32.0 and therefor:) 
1n the region of scmi arid land. The area is also the seat 
of Lake Baringo, Perkerra Jrrigation Scheme and half of 
Lake BorToria with .i hot ings. Nor-1th of iake Dailingo
the area is hot and rocky and thorn bushes are predomi nately
the natural vegetal:ion. T is ares is suitablc for properly
managed large grazingl-blocks. There is renarkable soil and 
water los.s in the nor"th tb.~.t can be :-e!:;edied by incorporating 
proper wnter and land management. Proper stocking rate can 
ihe attaiied in this region by adopting methods: recom,ended 
by the I.ivestoel- section of this report . All tihi excessive
bulls should be sold or s.ili-tered. All. the ha,'en i1emales 
should l.so be removed anF n. grazing method's introduce dat: one , To nvoid raw '' ', areas .): ex'laadi ng the cattle 
dips; shu]d be suicicien v drsre ibutod. Ru, erodin " ares 
are aiso' iikely . fIm ,vater:ilg po:i.nlts. The.o v, 
should i:, evenly dis L.rib , ' 0din tiis nor'thern p)tn . E1osi on't](ThHlC |'oIJ-] i; ] )QI-|,,i<h the ii vlli ), t' whJeh '....... . 1 .'icrher: 1" ]]'Ii i 


, ' -. 5c; 15 t'OU.-.I Is( ', l: he con on.tra - onioj* o tl].aition
].iv i i .nt)Inn ].V in "-h m el]and cl O '"S C OH L',iC \L neoavyJpr ure. ! c,tati~Ofl'i gr''' ;g b1' ZelC..i P o.f' t;ic o: dly 

YO d],'d a.e' is and -vj t]7ov.'irn'[not.turn toto ',:ilr,..
 

voqr( I-'onj cover seems to bc the be..:t .- "1, oolojo, Pr ovirncial 
acinin .i't. i. and I1h gi " '.ulturra.l **t'if f b. ' n i'-lr i,;1i 

thah 11 . rCa.I nsI. at .P(' '1.,'-tC .re ;.dh (IL.0.d Lov). Lhis 
a.;:. ']T;1] wO Jsn Isv a;,,ono l. W -(Ifro I'. - one4Li] :; ~ceui].d or the OXtort12 of ero:.; io i. ti area,Lb accontI 
Plhotos 1- 4 show honw eros ion h~as taken ulace ,irourI aOCY.r 
on the Cinaso,,ut river va]. c.. 'The an n . ,re ('i'- i . 
here a1,i JCl-.Dvour .ny I- 1ilat to gc.,I'r tends rrey'n .u estimate
of the crosi.on hazard ind teavas the ..that .5G, of ' ''c , .ind
(8,612 s: .kni.) is I-d3 y erod-cl.d Ali for '.ia "-ro0. 
present, s.heet ri.l and gtI . Thirty s psr,.it
area roqurn rehaini 1J tation. The gr'i'ng .and ,. cn 
cnt eclori.,,cd as fo].lows:

(1) Hiph potentia] range land which occupieas 8% oC the total 
grazing land, This rni y a1.so ho found i.n the Fc.'1 c Valley.
There is usually no soil erosion in this area cxce...t where land 
is opened up for cotton growing as is the case of Kerio Valley.
IHore crosion is now evident. 

(2) Ol--Arabal. area lies south east of lake Baringo and
extends to Oleimatashu Swamp on' the Perkerra River. This 
is a good area and has not been overstocked. The population
is high and the area is level. The erosion is minimal. 
During the last 10 years the Tugens who practice shifting 

http:crosi.on
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agriculture have caused the deterioration of this land.
 
With careful manag-ment this area can support most of 
agricultural practices. There are a few conservation
 
structures that arc required if proper management of land
 
is to be practised.
 

(3) Churo Area (North East of study area) 

This is a very high potential grazing land, the 
people want to divide this land ipto s'mall agricultural 
units. There is very little erosion in this area because 
of the vast vegetative cover. The area adjoins with the 
study area to the north east. Tangulbei rev,:ion is in the 
study area. The Taifulbei Dam built by ALD-V does not 
dry up for long periods. fhe water is clear, in this darn 
an indication of good ground cover :from t ho catchrment. 
Near the .T'-angul.bei dam is a bore hole Mhose inlorlmation 
is contained in the w1,rater section in the report. The 
grazing aroa in Baring-o is 8,(312 s ki. and 36% o:f this 

" urea is bLs cally ocetinin CaSt Poe]oa I '-d. Th. re 
two locaLr o.-, 'Iirioko ]oc at.ion an.3 ,i.l w .3ocat":ion wiich 
are outside slot',e'r bound .'.V, L'ot:O.,'ii ]ocatiofl w'asthe study 
lookecl into and :i.t- was concludcd tl'j't ' '. ' ood :for 
r ehbil i .ation . It,:hre is -b.,ence o r ous cr;'mwi.on but 
Rf,a nat to r(ducerI'll f', as: lt ' c11 be 
coi,-I'ruc, ,here to rd ho no.f bc hil-h.r ... 
are open drains w. i.ch follo, the eo t and wlich ar'e 
close !ogo-thor . They are good for ,h v ter0:i1n,VcE1r' 

...'..\''*-,, ' - ..... 


DIAGRAM Or t-ASTUhFU-',OW DRIlAINS 

This system of water conservation can then be 
followed by reseeding program)mes. This' conservat:jon
practise is already being practised successfully in Turkana 
district, whose conditions are close to those in l.ar.ngo.
Grass cover establishes well from the conserved moisture. 

3.3.2.2 Medium Zone: 

One ascends from low zone to the west of the Lake to
 
what is a plateau with nearly level slopes 1-5%. ,ost of
 
the top soil has been washed away ]eaving the fortility 
very low. This area requires rehabilitatioi. Where the 
ground changes in topography there is serious erosion. The 
rainfall is about 762 min. getting higher as one goes west 
reaching a maximum of 1016 mim. 

http:cr;'mwi.on
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The slope changes with the climb from 5-12% 
and the agricultural *1nractise is mainly grazing (see 
photo 2 with goats at the back-rour.d around Sabor area). 
This area should be the principal focus for erosion and 
denudation rehabilitation. It is the area from which 
the sedimentary materials are transported to the low land 
and eventual silting of Lake Baringo. Along the gullies 
the water table is very low (see the ground water section). 

3.3.2.3 The Highlands:-

Kabarnet the headquarters of Baringo district is 
situated on this land. It is high (1829-27411)j. above 
sea level) with remnat.s of indigenous forests. The 
rainlfa].l is 101.6 - 270 am. per year. Large ar,,,as have 
been opened up for arab.e agr iulture and grazing is also 
practised . Th, DDC funds have been concentrated in this 
part tuld sev .-ral soil conser,at ion ,:itures have been 
buiLt. O t'e- areas viiere A1,DnA; had done some work, the 
-]hench 1ren; have stn bi].iz"d It was however observed 
t"hat a cut oi:.C v..,s being, cc u1st rited vhere there 
was no neI. Cu 1 o 1t.rain-, shoild bc co,nstrueLed only 
after c: 1eeu i, nvest igat ion ha:, be en ciiried out. The 
cmhaihlm :.tcr1 s i-u]d,,ae n low .hCee]Ch1 
may even t1.u I y break in wa o f the 1.m1ankrnnn- time 
of a hij.r st Thie cii; c . dra in !:;hon*Ld beT',. visiiled 
Y[.',iN' dl y 1 o J tn oKt iv eess. Po 1i'y co t 'ruc.ted 
drh-ins arr'e more dJs. c.uotts T-:iln ',hol (_he .Iand j - left 

"] : : is ev,ti.cu].r cul: of:' dr; lI, -he 
S~i] .S l..jv ],.Id sI. : J.; (-d :'oee.so th; AJJDIA,' t' -ac'es had 

s 11) JiJ :"e0 a" it the :ers 11 1)eu bai.V . ' .: ( crops"i.3 

f.1rom t he 1Ctoo'(,'Th es. T'he bank-.s SIrs t.:.' l C \(i i lhe 
:iily~u g".,; (nean 1.so tur c]. ande;tim) '1,hirh does ery weVl 

ini th ie h .ancd rc,,. i )n of ]aI ogo r> 1tC' a 1DI. Cr1Ct. 

inhab *.i- in-the Tul-o triboes,zon and tley ]:t ; e h,'ad their 
land adjudic ;,1ed. 

This accounts for the careful usage of the1, land 
found in Lhis area. Some comments on tLe im]naciL of land 
a djudication to soil. conser\,ation anid ]an(l use i,.- made 
in the p. 1'.1 r re.ort (nidpot review p. 1-37) . These 
comments C'' fti avouraih. y fit f'orM'ach alos, Kit I. ud Einbu 
ar'as. ]IJ iiCO is c1:Jierol'lt bor'ause ethnc :,e isI;ru 
aiso dif I[- t (see rc]nort No.6,'ifut!rjan ] ou.c, 
Social Charactrist ic . ) The pri nci)ioes buhi,.jd ].ud 
adjudieaCL ioi aInd il.s imoac(, on Ihe land use are the same 
for all the areas. The Tuigen hill s however prosen s the 
visitor with the qualities of proper land use enhanced by 
land ownership. 

3.3.3 	 Soil Erosion Situnt:i.or. 
The areas discussed in the preceding ipa'agraphs 

have each their share of erosion problem. One area on the 
way between the main road To Baringo and KabarnetBake 
was carefully looked at. Some at: the local inhabitants 
believe that the severe erosion happens due to the will of 
God. It is God who brings- rain and that rain washes down 
the soil. Soi.l erosion on the road to Sabor 9-15% slope 

http:Situnt:i.or
http:buhi,.jd
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to go to Baringo part was looked into. It is imperative that 
an agreed code of land use._by established and adhered to as
quickly as possible in orde,,r that the rational usQ of land 
resource may be regulated and the present wasteful exploitation 
be avoided. 

It is suggested that a small. demonstration plot be 
set up on the land of a cooperating farmer. Fence it off, 
remove all the animals and put in gully rehabilitation 
structures. Use it for both demonstration and research, i.e. 
to determine its rate oi rehabilitation. 
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3.4 Rural Water Supplies and Water Conservation
 

3.4.1 Rural Water Supplies
 

The existing water supply projects of the study area 
within the district are al. located on the high potential 
areas i.e. either on areas around the Tugen hills or around 
the Keiyo Marakwct escarpment. The 	 Kerio Valley and the 
lowlands bordering Lake Baringo have no water supplies which
 
are existing. This is probably due to the fact that per
manent settlement in the lower areas is taking place recently 
as a result of the high population pressure from the hills.
 
Water supplies exist in Karbanet, Karbatonjo, (Baringo
 
District) and Tambach and Iten (Keiyo Marakwet District).
 
These water supplies are not adequately meeting the demands
 
of the people, due to inadequacy of the source or the quality
 
of the water system. Iten and Karbanet are among the projects
 

,#under argumentation under the minor urban water supply program
 
(MUWS). 

The next RWS program proposes a number of projects which
 
are listed below. These include Kabluk in the Kerio Valley
 
where rapid settlement is taking place and Kampi Ya Samaki
 
on the western shores of Lake Baringo.
 

Marigat, classified as a local rural centre has been 
proposed in the next phase of the MJWS program. 

The self help and DDC water projects within the study area
 
of the district are not playing an important role in the rural 
water supply program as in the Machakos, Kitui-Embu areas 
probably due to the semi-nomadic nature of the people. 

Table 21 Proposed Rural Water Supplies: Baringo District
 

Project POP Water demand Source Estimated 
Name and District 1977 M2 /Day Cost. K.Shs. 

3
Ratat 1200. 40m	 Pekerra 1.2 million 
River 

Cheps igot-
Biretwo 	 Torole
 
(Keiyo/Marakwet 6500 260 River 4 million 

Lekwa (Keiyo 2
 
Marakwet 2000 80m Spring 1.2million
 

Kapkong
 
Tenges-Sacho 
(Baringo) 1500 60 Springs 2.5million
 

Kabluk 4500 	 Springs
 

Kampiva 82 	 Sour-ce no• 	 co~r..- J.-,- t 2 i 1. lion 
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oil E
 

Soil Erosion caused by overgrazng in the Lae Baringo Area
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3.4.2 Water Conseryatton
 

Very little has been going on in the past to conserve
 
water. The soil conservation unit, IMOA has been constructing
 
small dams for individual farmers in S. Baringo District
 
around Eldama Ravine but this is outside the project area.
 
The dam construction unit (71OWD) has not been involved in 
any projects in the area.
 

However, the need to conserve water is great both for
 
domestic, livestock and irrigation. In Kerio Valley, the
 
success and expansion of the Barwesa irrigation scheme will 
require the regulation of the Yeptos river by construction 
of dams. 

The land around Lake Kamnarok is suitable for irrigation
 
and at present, the lake is being drained into the Kerio
 
river by a channel. The importance of conserving the lake
 
water for multipurpose use need not be emphasised.
 

The need to conserve the water on the Pekerra is apparent, 
the future expansion of the Pekerra irrigation project being
 
dependent on availability of more water from Lhe river. 
Reports made earlier had made recommendation- for damming the 
Pekerra catc.hment is badly eroded and is continuing to be 
eroded such that any dams constructed would 0:oon sil. up or 
be washed away. Other rivers like the Ndau and the Molo could 
be regulated to iluke w,,ater available throughout the year . The 
Lake BarJingo lowlands (Njemps flats) are highly suitable for 
irrigation, and water from these rivers would serve a useful 
purpose.
 

Water from Lake Baringo is dubious as to its use :Cor -irri
gation as the. quality of1 the water is deteriorating nnd its 
existence threatci;ed. Continued deposition o! silt into te 
lake results in the lake getting shallower and thus increasing 
the rate of evaporation. For the lake to survivo and for any 
success to any waLer conscrvation projects within the area, 
the soils need to be stabilized first by controllod grazing, 
reseeding of pastures, proper tillage practfcera and afforest
ation. It some of the ephemeral. streams like the Ndau, sub
surface dams and 'elrs shouLd be coiisi ructte.d where conditi.onrls 
permit. The various springs emerging from the tuigen hills and 
Keiyo escarpment should be rnrotacted and water supplies 
developed from these springs.
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3.5 Irrigation and Drainage 

There are several irrigation schemes in this area. As 
early as .883 a report (ALDEV 1967) was made -f Njemps irri
gation -ystems near Marigat based on the ise of water from 
the Perkerra River. The river changed its course by 1918 
and the irrigation was discontinued. Proposals were made 
to restore a scheme in the same region, but nothing was done 
until 1952. The .Perkerra irrigation scheme was developed with 
a total of about 560 hectares. Today only about 370 hectares 
are cultivated. Other schemes are the Barawesa in the Kerio 
Valley, the Loboi and the Sandai to the north and west of 
Lake Pogoria. The latter two are relatively small, but have 
bpen in oxistance for some time. On the northwest side ofLake Baringo there is a private irrigation project of about 
10 hectares. VLter for this project is pumoied from Lake 
Baringo, and part of the area is irrigtted by the trickle 
method. The ,roj ect is moved to a new location everv two 
or three years hucause of salt accumulation in the soil. At 
the tio the projt ct was v:i.sited th :re seemed to be very small 

,u.of te -special.'.y w,.here trickle irr:.gation,tid, 

was used . This wou d encoura:ge accutmilation of salts; within 
the root zone "of.th1e soil, Larger- app].ic tions of.' wtiter would 
leaoh the sa lts hP..ow Lh, root zonu, and w\ith p.roper leaching
and dia 1n8ue i..'.t cou].d prol) .bly be accoom)l:Lshed
cefntinui,.JuL:y. ' --. siuat ion doe- jcicatte, howveer , I.ha the 
Jake w.t.or cont a:i,* . large amounts ol salt, and ii this ivater 
:i.s us1ed r, -rr.i ",i:.ion 1.t should be investigated to dote.r-mine 
the a!o'_,u of ,. .n • , ,"d di ain:ge whi.iiiag would b n ce.- ary
to cent inie an, i.r*:.'L,.atio) program i.ndfinitely in the same 
area. 

Members of th}e study tea, attended a meetirn held,t
 
J" , ;-'-jet: on ... 23, 7S . tSh os; '. of f;(,v era1Fe e 1.J ,he p1 . 1 


arrvi a..:,oi 1)10o c.tS we:r ti s(ssed Provi-n
. J i:tural 
and("h'O],8,,. nt . oriers wore there, ,as w11 I . ]i.mv( nstricto!.J (c:er.-- fr'm tLt ]a:r.ino aw:l( N~eri o.-Maraquec ]_) . .'cs 

]1pre,-eotat i~vcs wre: also there from .Ministrv o 
-,_ 'tr1 

in Na i:cohi;. . '. . 1 proposed pro.j 0cts oere nL d l:, 
Dev- l.n- , I.in o F Agricult re, and Kenyat oi. ur.vey 

[ pbye
Mr . (),.c.ytr. T'1'D& :i ! le'parttr,,int of the ,..-' o0Lryo.f 

. ...at.er The :,asili ty of these pro. 1 wasI .... 

diI'uesed 1. 
 c),op, ,nd the pot.enti .l for s,-v,-,ral medium
sized projects in Lhe area ap)))ears to he good. 

3.5,1 Ir 'i-- .t:i.oi Potent 1 in IJaringo--Kerio Valley 

Seve-r'.l si te,; in the ESyi ngo--erio Valley area have 
potentLial for iv'!7-gation d(vclop:ent. None of these would
be large project s , but there anpeal-s to he good soil, and woter 
axvai].bIe . These s-ltes should be further :ivest igated. A 
brief de-crirntion and localtion of tiaem is given below. 

Sandai. River.-.In an area bounded by the Weseges Range 
on the east, Lake -Bogri, on the south and the Iogite Range
to the west , there .i a ... tract irrigable l.and. Itr of 

would he possible to irrigate portions 
of th.is area with water 
from the Sandai river. The river flows into the Kisihor swamp 
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which drains into Lake Bogoria. It has been proposed that
 
a control weir be constructed on the Sandai qo that water 
could be diverted to the Kisibor swamp or Loboi swamp. A 
bund and a dam built on the Kisibor swamp would increase the 
storage capacity of the swamp. The dam would be designed 
so that if necessary, fresh water from the river could flow 
to Lake Bogoria, otherwise, the entir.-e flow could be stored 
in the two swamps and the water used for irrigation. 

Loboi--This is a small scheme where only a few hectare 
are being irrigated at the present time. There is unused 
water in the Loboi River which could be used to increase the 
size of this scheme. Irrig.tion has been practical in the 
area for some time so the pecple are framIliar with irrigation 
practice. and its potential. Probably with some technical 
assistance, the scheme coui.'J be expanded by the people lhcm
selves.
 

Lake Baringo--There is a large area of irrigable land 
north ot .1.irigal. and east of Lake J.,tn ngo, 1000 hectares or 

more which could be irrigated hy pmp.ing wator from th,.- lake. 
Apparently, the lake water is relatively high in salt content, 
as Mr. Leak" has -a proble:n oi: salt bild up in the soil who-re 
he u'ses the lake water for ihriimat io. ''.is should be invest
igated and adequ.l tc prov:i.-jons; made [or leaching and d:i'a inage 
of the salts if a project i s ber hrt e, Purpnig cost-;s lnay 
also be a fact-or. 

There is a good poss i hi 1 ty of a spr inke i i,at: en
 
system on this projIct TL(: \..at being pumped coald b
delivered at a pres.ure h-igh (fnou,) to opert sp.ni. heads.
 
The cot of providing the. increased pressue f-hou: n:.more
 
than riffset by the smal. cI' ater used ofC:
".,unt o' (f

higher ,fficin,.:ies obta i,, .,with Eprink]c .. f a
 
s n ,iiik].eir
s-st em is used, t shou, .i be well ,,.;-a and
 
technic.l help be to ina Lon
sihould available assist of ''h of
 
the system.
 

Nd iu I?.iver-.2-hcre is; an irrJiga, iol scheme 11e' Lake 
)la.ingo, 1.0 or 15 km. north of Mariffal. which is .'r.ted with 
water fromr the Ndau River. It contains about 200 1;:. ouerated 
by 380 individuals. Water is diverted from the river by 
using a temporary diversion canal. Flood wat-,r':s fi.ll the 
canal with 111"d and rocks al)nt it- i.- impossihle to o0i in another 
one until the water goes down again. ater cannot be diverted 
from the river- during this at-riod. Because of {i,.e- there nre 
often long periods of tim-]e when water cannot he obtained for 
irrigation. To im'-rove tltir scheme, it would only be necess
ary to build a permanent diversion structure so chat ,'ater 
would be available for the crops ,,hen necessary. If sufficient 
water is available, the size of the scheme could be increased 
as there is ir.igahle land in the area not being used for 
cropping. The project would be improved considerably if water 
application methods were irmoroved. 'P.chni.cal assistance is 
needed, especially regarding the timing and quantity of water 
app icat ion.
 

Barwesa--About 75 hectares are now being irrigated with
 
water from the Yeptos River. The canal and diversion works
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have been neglected, and rehabilitation is necessary. There 
is sufficient irrigable land in the area for enlargement of 
the :,cheine, providing there is water available. Cotton 
is the principal crop grown on the scheme-,. 'The distant: from 
Barwesa to Kiboe, the neare,st ginnery is more than 200 kim. 
This is a long distaqce to haul bulk cotton, and it seems 
that another crop be invcstigated 1t least until there is 
sufficient acreage of cotton in the area to justify a cotton 
gin there. 

Lake _amnarok--The lake drains in to the Kerio Jiver. The 
outlet could be i'!:.me-.raising the lake level. The increased 
volume stored in the lake could be used to irrigate lmjd on 
the cast bank of Lh - river. Appro:.imately 5,000,000 .,!" could 
be storcd in the lake and used to irrigate 000 ha. 

'erlerra--Thi- scheme has been operating for several years. 

There are 560 ha irn the -schic, bu only 30 ha now be:i.ng
cultivaLted. Lack of water 6uring the dry se:,e:on is one reason riven for not cul tIvai i he eL ivre a,:a . Ti elther 
reason gi.vcn is that the ,:election cowniLtee wil.l not ,tnprove

applicants from othler tril.[ , as s,2, L;lers on the land , and
 
they .:,.imot mores
0:1 0 s t I,'-rs. 'Plh(,re are "It least tvwo
 
so.u tions to the firs 1: reion Wa1 Jis turnld ot o the
 
canal roi 1 00 in lhe a i .e.oon uai i. 04"0 inl th. morning.
 
Th:i.; 1 .'-o [ V (d0 ot hivne to J vj" j" r[ , . il 1.ho d I . i
 

\..;r~,7 .water I: x .' tIC, 1,; u'Lura. fie, of L river 
wC.[hout r.. i;era,go.< )7es rv(, ., if[ n;;i , i IAOO be)i2'.IJ ,.5,1 .i,'JL0 

pract co-d, at niht.t: :-;tore- r~scs .;rv collid bL-, "'ich
 
(COuld P)'oCvide for 2 ar i. . iJfl . 1) the 3 n . h;!

e.conj reasl. ,i.VOi i a c.
) is l"rl]upr t--- ~~~an -4l F '! :1st-1.Vk eya mu 


be sol ved before ny suceo.. can bweiiCvei oii ,:v' irrigat.i.o;, : ]eI , '; :i.fl,'oLviln ,s; LLlerient. 

It has:: been ,suggestced that storagel Onl th," I'a. o *.' :,.' would 
be a ",olution to t'1e s hortage oJ 'ater ,hurin" t.:, s.. ud of 

Iow JA ow. It wold] be il, ]actica. to buildl Sir 
rcscrvoi r on thi.- river unt L the ;o 1 c rosi n , catch
m0:1)t Pl ;L i rd1cncUd consick r ab yy Ii nOt]lin)' w e._.,( 'le 
regarding the ero.soJn , reservoir wo, Usoil the I ,th 
silt in a very short timeo. It h-s beun,1 r'UC0t1j'CJ, there 
is an L'ACeJ inl; site for a -eservoir at the --onf1u ; of the 
Porker.a and the Emining Rivers. Tih is shoul d be i vs<ti ated 
and if feasible, plans made for a darn where the suJ] in the 
catchnont area is xtali:,,d 

Other arcas not mentJon.'d here probably have p)o ioni:jal 
for irrigation development, and if all those mlti onci and 
others not known were devo] oned, the area could support a 
much larger population that now lives there. 

In any irrigation developmenL it is very important that 
a sufficient number of uesonnel be available to ocrate 
and manage the project. Also it is necessary that a:ssstance 
is available to the irrigator regarding irrigation p.ractices. 
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4.1 Recommendations
 

1. 	Proper soil and water management is very important 
to Kenya. Much of the valuable soil. is being eroded
 
and 	carried by streams to places where it has no 
value, or may even be a hazard in some places. ITVater 
is being lost in rapid runof'[ and is causing damage 
by flooding. To conserve these valuable resources, 
and reverse the present trend, iiany persons trained 
in soil and water management are need.ted. There are 
very few Kenyans with this kind of training and the 
country cannot or should not depend on expatriates 
to do this job. 

An extensive training program should beiestablished 
to provide Kenyan personnel to 60 the nccessary work 
in soil and water management. This tr-aining should 
be for adihinistrators who will direct the program, 
for the designers and plannm.rs of development acti
vities, for technicians do-i g the w'Crk in the ficld, 
and for et-:ension staff who can work v.'i Lh farmers to 
give themi) assistancc :n operai.,)n, manyeenn and 
maintenanc, of so il and wa er conservation praci: ices. 
The train :i iig shou Id he both: academic and on t.he job 
experience with h disciplineSi,nXpertsvariou-; 

of soil and water maaement.
 

The 	 University of Niirob! , A.,icel ra 1 Enginering 
Departmefit jF, i3le ,,.1.lg tleir , 11e so.i 1 andr in 
water. Eg G is pl:.ni;n expandedClrtn ege a11so 	 .n 
program in this ar.ia. ThL,,e p 'ogr'm:) wJ1 a:.- 5I
greatl.y to provide. the neo,.o- tro , oveverr:i. 
it is dle.i rob Jo 1 th qua..fic'd ]-rec'as ' , '8'l'l yve the 
opportul lJ i.(e to ",(o abroadC to re.: _, I , , : b yond 
the ]3acI;c' 10ors .-t v ,]. 'fh :; p0,_rJI.e sho ..o ,1):; , 2ct e( 
from thoe who alrea dy havt drgrec fre-" hciI Uni.versity 
of Nairobl)i, either in AgritilLi ],. or.'- , . ,rti erig. 
Some who already iave deg-r(cs may v.-;o L..li t. by 
going abroad for on the joh tr"aillills- \.l: 3 01cc andte 

water work is bcin5 done.
 

Technicians wvorking in the 'e] d al o ner'l ?lension 
training in soil awl waler ilir al.emerilt. 'Pi,3 can 
probab~ily be provided by the. proposed pro~raal aL 
Egerton Go]lege , although it wi.1' be at 3east. two 
years before many of thos4c with thiJ.l-l ,in.:f. will be 
available. The extension staff should a naveh.so 
specialized trainig in soil and vater, a two to six 
week course is not suf.ficicni for this. One year 
of specialized training should be the iii limum for 
both the technicians and extension ,orle.'s 

An individual with advanced training and experience 
should be located -in each district to direct the soil 
and water managnement there. 

2. 	 A project of development shouid be an integrated one 
which includes experts in all disciplines necessary 

http:plannm.rs
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for complete development of an area. As it is 
necessary to do soil and water planning and develop
ment on an entire catchment basin, it is desirable 
that the project area be a catchment basin or several 
basins, depending on the desired size of the project 
area. A map of the catchment basins of the study 
area is included with this report. The experts in 
the various disciplines should very carc.[ully coordi
nate their work to provide a project which would be 
a model which coul.d be followed in other areas. The 
ph asing of the projcct should he such that the 
beginning of develop;;ent will cover an area small. 
enough to ensure success in the early phases. Also 
lack of datea may require trial and error methods 
rather than recognized design pyoccdures be used in 
the early stages of development. Information gathered
during the c'arly pha.e of a project cav be a valuable 
resource to use in a continuing developount program. 

The projec; from the heinning, even in the planning
and design phav-es, if possible , SUld include on the
job training of Kenyns. This should .,e very care
fully coord i ,n ted 1o obta~tin the maximum bcnefit of 
this valuab]Q source of training atl: all levels of
 
operation.
 

3. 	Vogetavive coVC is atn 5Ow"Mi:u,.nat aspect in ni 1 nd

\\ULCYO M~allug (u!lylt, T]hni O 'v.'St.uck ,'.Pd ]-{',);;( V;an.1gull:lt
 

Spoc.3.l.*.I hpvc' M ~anJ~I meline ' n 'dy 'pR A of l1ive
stIcc'h rwCi-':. -e i,.'inc udjiln:. g 	m, , ., 
 .e'e in and

mf,'ehani cal )nti c:; ,,which if" ')'ractic,', i ! "Ilow 
for 	a ve-etat ive coVt r to ssi in soi id water 
manar-,e,( nt. The p'roram.-; recom(,nded by iem H ']ouldThn 

r'obably bu th}ofi'i s 1)i1 .1in a soil0 a.u 'ater 

1 ... .VCI oagc(ent ',- . Vegetativ_ 	 Pl' -- W the 
soil from rain drop "; -.;,, retr-dcs the ,-c:]ocity of..-. 
waLr l loig over th, su:rface ltad incr,'.- :n the 
infiltration rate. Maw.re ni impoylpi aspct's
 
of a1soil an d water muni g;c.,en-1)rogrm.
 

4. 	 W'ater harvest;ing, even on a smal.] scale, con be very
irrmpor cant in soil and water manag:c mnt . -. -:l 
individual h arv.sLin]Th sc(.he .es (.an provi nrc.;':mstic
and 	lives tock water as v'el l.as vta I.er .[o. 	:"1phrc-,1ontal
 
irrigation . Harvesting may con-;ist of c,Cl 1 ing water 
from roofis or rock cthiments, from non-c.o]ped areas 
and directed to cro?,uoo areas, or stored for" any
future use. The major problem when water is to be 
stored is the storage facility. Plans sM ould he made
 
available to the individual for these fuil.ities. 
Technical assistance will be necessary for both har
vest ing methods and storage faciliti ps. Adeouate
 
training o! extension personnel who can give this
 
assistance will be important to 
the water harvesting 
act ivity. 
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5. 	Though recomameridation (_2) requires water conservation
 
to he done as part of intog'ated catchinentJwatershed
 
develooment, there are already a number of dams 
which have been designed within the Minist'ry of Water 
Development but have notu been constructed due to lack 
of machinery, there being only one dam construction 
unit to cover the whole country. In areas where soils 
have been stabilized, dams can be constructed and at 
least 1 dam construction unit would probably be 
required per district together with the manpower to
 
run 	 it. 
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Appendix 1
 

Table 1 
 POTENTIAL EVAPORATION E. (Wco head)
 

STATION JAN FEB MAR APR MAY JU TJL. AU SEP OCT NOV DEC ANNUAL 
ALTITUDE

METERS 

Kitui Dam 170 176 185 160 148 128 123 154 173 189 157 153 1916 1090 

Machakos Dam 179 176 186 156 142 123 113 118 15C 179 159 157 1838 1570 

Katumani 181 165 166 !36 145 126 116 125 153 171 136 170 1790 1600 

Embu Kathiga 220 210 210 183 159 114 14 142 195 203 180 182 2142 1250 

Kitui Ag. Off. 189 191 200 169 168 152 149 162 183 203 163 !67 2096 1180 

Machakos Sch. 190 174 182 151 140 129 128 140 169 180 158 166 1907 1680 

Makindu 175 179 182 160 151 139 139 153 179 191 154 149 1951 998 

Eldoret Ag. Res. 191 168 196 163 159 138 124 124 150 179 165 156 1913 2200 

Rumuruti 160 159 174 143 160 140 135 144 162 162 139 139 1817 1770 

Marigat 203 195 212 187 190 173 167 182 193 199 182 189 2272 1000 
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Table 2 
 STREAMFLOW AND RA7hTALL ON SELECTED BASINS IN STUDY AKEA
 

Basin 


Code 


2C 
2EB 

2EC 

2EE 

2EG 

2EH 

3AA 

31B 

3DA 


3DB 

3F 


4BG 


4CC 


4EC 

4ED 


G 


4IH 


Stream 


Kerio 

Waseges 

Rongau 

Perkerra 

Yoo 

Ndou 

Mbagathi 

Nairobi 

Athi 


Athi 

Athi 

Tana 


Thika 

Ena 

Tana 


Tana 


Tiva 


Basin Area 


K.m2 


17,774 

780 

821 

569 


1,665 

6u3 

773 

255 

821 


793 

14,382 


47u 


981 

661 


3,088 

53,835 


20,103 


Nean Annual 


Rainfall mm 


/450 

85 

947 

936 

870 

792 

742 


1148 

810 


-15 

515 

9uu 


920 

1U85 

698 


465 


482 


Mean Annual 


Euneff mm 


,53 

45 

112 

71 


117 

53 


105 

255 

9U 


48 

30 


140 


135 

284 


75 


21 


24 


Runoff Rainfall
 

Ratio
 

0.12
 
0.05
 
0.12
 
0.08
 
0.13
 
0.07
 
0.14
 
0.22
 
0.11
 

0.06
 
0.06
 
0.16
 

0.15
 
0.26
 

O.2l
 

0.05
 

u.05
 



ADendix 
Table 3 EST!MATED IRRIGATION REQUIREMENTS FOR ISHIARA SCHEME 

Month 

Potential 
Evaporation 

Erm (1) 

Net Water 
Requirement 

ETP 
mm (2) 

Effective 
Rainfall 

C: 
75% Prob. 

Net 
Irrigation 
Requirement 

mm 

Gross irrigation 
Requirement (3) 

(mm) litres/sec M3 

Jan 220 176 1 175 350 82 220,000 

Feb 210 168 0 168 336 33 213,OOU 

Mar 210 168 91 77 154 36 960,000 

Apr 183 146 113 33 66 16 41,000 

May 159 127 13 114 228 54 145,00u 

Jun 114 91 0 91 182 44 114,000 

Jul 144 115 0 115 230 54 145,00U 

Aug 142 114 0 114 228 54 145,OUU 

Sep. 195 156 0 156 312 76 197,00u 

Oct 203 162 30 132 264 62 166,Oo0 

Nov 18u 146 118 26 52 13 34o000 

Dec 182 146 23 123 246 58 155,Oou 

TOTAL 2142 1912 389 1323 3u46 -- .,671,ouu 

(l) Figures for Kiritiri Chiefs Camp near Ishiara
 
(2) 8U% Potentiai Evaporation
 
(3) A-sumes 5u'/. application efficiency
 



Table 4 

Mean Monthly and Annual Precipitation - Embu-Kitui-Machakos mm 

Station Index Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
No. 

1. Machakos D.O 91.37010 64 44 140 187 67 12 10 7 15 6." 210 124 939 
2. Kangundo D.0 91.37020 55 39 158 239 62 8 6 .4 6 82 237 1)4 988 
3. Matiliku 91.37028 50 46 111 203 .6 17 3 2 6 56 180 103 826 
4. Donyo Sabuk 91.37051 49 30 i[8 21. 83 16 10 6 12 84 237 154 1010 

5. Kabaa Cath. Miss. 91.37058 38 37 95 158 50 16 4 6 14 67 179 81 744 
6. Nakabete 91.37071 44 31 75 126 46 9 4 4 8 42 180 85 653 
7. Kampi ya Mawe 91.37075 36 32 80 140 42 14 2 5 6 42 164 103 664 

8. Yatta B2 Vet. Dep.91.37076 20 12 65 139 31 59 2 4 9 48 206 62 655 
9. Katumani 91.37089 42 34 74 132 58 1.1 5 3 9 39 168 76 650 
10.ilome 91.37091 58 45 134 251 112 25 11 8 22 105 2,17 78 1095 
i].Kyusyani 91.37092 23 32 80 181 41 13 1 4 7 46 216 94 738 
12. Mutogani 91.37094 22 38 105 180 36 5 2 3 9 71 235 77 785 
13. Mbooni Forest 91.37099 91 57 144 246 78 18 6 5 11 100 300 149 1206 
14. Kitondo Forest 91.37101 65 70 121 248 93 22 16 28 30 115 318 152 1276 
15. YaLta Furrow 91.3703 42 29 108 215 77 19 7 7 12 55 184 57 812 
16.Uuni Forest 91.37105 45 47 90 215 56 22 4 3 11 70 222 64 845 
17. Kitul Ag. Off. 91.37800 30 42 170 229 37 25 1 7 13 96 3,46 11.1 1116 
13. r utomo 91.3800] 34 32 75 176 47 5 3 2 11 64 3,12 172 961 
19. Sec. Sch. Kitui 91.38002 32 '10 132 167 54 6 00 6 13 86 311 126 974 
20. Zombe Ag. Sta 91.38004 25 20 94 118 17 2 0 1 7 48 2,19 92 673 
21. Migwani 91.38005 7 32 81 201 25 3 1 3 9 74 252 99 776 
22. Kanz [ku 91.38006 18 29 88 106 19 2 .0 2 8 32 214 108 624 
23. Voo dispel.sary 91.38007 14 12 76 125 15 2 0 3 4 47 163 91 552 

24.Mui Chief's Camp 91.38008 24 22 102 157 28 4 2 3 6 55 282 I1l 796 
25. jIutha Ch. Camp 91 .3 C01 26 21 6 125- i4 1 I 4 10 34 206 S9 598 
26. Mtito Cl.. Camp 91.3S012 25 Z5 i 131 25 2 2 3 5 64 275 105 745 
27. 111achakos Dam 91.37098 45 57 115 178 37 11 4 4 6 47 183 91 798 
28. Kitui Dam* 91.38014 35 41 133 225 50 6 1 4 14 60 298 101 963 
29. Ngoliba Scheme 91.37121 36 17 79 264 65 30 14 8 21 71 153 49 803 
30. Makuli Forest 91.37106 49 56 98 234 110 30 25 22 38 73 230 105 1075 

Meteorological Station 



Table
 

cont. 

Station Index Jan Feb iar Apr M.y J',_ Jui Aug Sep ect Nov Dec Annual 
No.
 

31. Tiva Market 
 91.37096 
 17 38 
 85 112 44 3 0 2
32. Konza Rnch 	 4 32 183 77 59791.37112 18 12 57 137 47 i. 4 00 833. Ik.-nIga Ch. 	 28 95 15 463Camp 91.38013 22 34 53 1.5 19 2 1 2 5 51 21934. Nzani Forest 91.37100 	 80 632 
3

58 43 113 	 244 90 28 13 
 15 24 95
5.Kiambere mkt. 	 262 156 1135
90.37135 
 36 26 
 96 174 53 14 
 1 2 
 9 65
36. Kin(-truma 90.37146 25 	
203 73 762


25 87 159 49 
 2 10 

28 31 121 252 71 


37. KiriLiri Ch. Camp 90.37039 	
9 1 39 180 42 579 
9 5
33. Siaakgo 	 6 7 81 186 79 86290.37132 32 37 145 355 101 10 539. 	 Mur11induko 90.37 .113 22 37 87 

4 8 125 255 8,1 1161214 145 21 27 22 1840. k1ia Tba(:co Fac.90.37i64 	 105 1,-5 ,14 95733 43 121 2,98 111 9 8 5 14 10(3 259 66 1072 



Appendix 	 Mean Monthly and Annual Precipitation - Baringo and Kerio Valley (mm) 

Table 5
 

Station 	 Index Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
 
No.
 

1. Perkerra 	 89.36053 24 20 4 83 88 73 105 96 45 36 45 15 663
 
2. Tenges for Nursery 89.35176 44 40 71. 139 191 153 216 233 78 75 79 36 1355
 
3. Katimok Forest 	 89.35177 62 30 84 164 219 172 204 250 77 79 127 35 1503
 
4. Iten Sec. Sch. 	 89.35178 30 45 68 184 185 92 119 124 83 112 166 36 1243
 
5. Kabarnet Tengulbei 89.36019 23 29 62 93 150 55 79 106 70 33 72 23 795
 
6. Kabarnet Hot Springs 89.36026 35 29 49 96 102 54 96 88 38 56 61 16 720
 
7. Snake Farm 	 89.36067 27 22 40 85 85 70 102 100 40 26 65 22 684
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1.0 Summary
 

1. Extractable ground water is available in small quantities

from boreholes tapping Precambrian basement rocks in about 85%
of the Machakos-Kitui study area 
and about 6% of the Baringo-

Kerio area. These boreholes must be carefully sited, if they
are to3be successful, that is, to yield more than about 6 1/min
(0.36m/hr) . The average successful borehole in these rocks
 
yields about 42 
1/min (2.52 ma/hr) with a specific capacity of
 
about 1.7 1/min/m (0.1 m3/hr/m).
 

2. 
In about 15% of the Machakos-Kitui area and 94% of the

Baringo-Kerio area ground water is contained in Tertiary and
Quaternary volcanic rocks. 
Although yields from boreholes in

these rocks are highly variable from place to place, failures
 
are much less common than in the basement rocks. The average

successful borehole in these rocks yields about 95 I/min

(5.7 m3/hr) with a specific capacity of about 3.3 i/min/m

(0.2 m3hr/m)
 

3. Underflow ccnduits in sandy alluvial deposits along

ephemeral stream channels are .important sources of water in

the Machakos-Kitui area. These conduits are tapped by many

temporary water holes, by subsurface dams, and, in places, by
protec'ed concrete-curbed wells. 
 Along the larger ephexcral

streams 
the conduits provide viable water supplies to wells and
subsurface dams during normal dry seasons. 
The yields of these,
however, may fall off 50% 
or more during protracted dry periods.
There is scope for more extended development of such conduits
 
throughout the study area.
 

4. 
High-level springs in the escarpments and hilly tracts of
the Baringo-erio area have been developed to a limited extent

by protected spring captations and the flows delivered by gravity

pipelines to points of use on 
lower ground. There is scope for
much more extensive water-supply devc._opment of this type xn the
Daringo-Kerio area, and to a much more limited extent in the
 
Machakos-Kitui area.
 

5. The chemical quality of the ground water in the Machakos-Kitui
 
area is generally good, and waters from boreholes are 
satisfactory

for human and animal consumption and probably for irrigation.

The dissolved solids content ranges from about 230 
to 1,775 mg/l
with a mean of about 800 mg/l. The fluoride content ranges from
0 to 6.7 mg/l with a mean of 1.4 mg/l. With a few exceptions, the
nitrate content appears to be 
less than 1.0 mg/1. There are
 very few data available on the chemical quality of ground water

in the Baringo-Kerio area. 
 Most of the waters from springs,

wells and boreholes are reporterd 
to be potable with total dissolved
solids probably less than 1,000 mg/l. 
 High fluoride, however,

is likely to be a common problem.
 

6. Ground water is 
not available in either the Machakos-Kitui
 
or Baringo-Kerio study area for large or even moderate scale

irrigation projects. 
Small supplies are available, however, at
 

.1A
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many places and could be developed (a) by pumping from bore
holes, (b) by pumping or gravity pipelines from subsurface 
dams, and (c) by gravity pipelines fi-om high--J.cvel spring 
captations. The quantities available l'rom small individual 
developments of this type could effectively irri.a;te ar3s 
of one acre (0.4 ha) or somewhat T,-orw,of t gardens 
and/or tree Owing the lixmitod c"uantits be_r _i caua..-avor i I 
from potenLial source:s (othor thn cr_,nni.La L.C 
in the two study areas and thc need to reduce or Climinrate 
transit losses, irrirration up.ries- should preferably be 
delivered to cultivated plots by pipeline rather than by 
open canals (furro-.:s). 

crops. tc avaJ.able 

7. Borehole water supplies, in general, should be given 
priority consideration, in oevelopmen-t planning for village 
and town (.!iunaicil) water supply. Boreholo water Is normally 
free of pathoqunic bacteria i.nd regui.,es little or no treatment 
before usu. Pro'oiz-:u.i,,--..3ve! .. captatioani, ii: properly 
managed, (:,n Elso n-ovi(d .ter of hic-h sanitary aualitv. 
Most surY-ace.-water -ources rcquire treatment, h.;Hich may be 
e:xpensive, if adequate saniziry quality is to ho azsred. 

2
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2.0 Introduction
 

This report, which forms a part of the Marginal/Semi-Arid
Lands Pre-Investment Study, presents the results of a reconnaissance evaluation of the ground-water resources of the Machakos-
Kitui and Baringo-Kerio study areas and their potential for
further development for domestic, livestock, urhan and small
irrigation supplies. 
 This evaluation, carried Out during
February-March 1978, 
was based on study of available aerial
photography, satellite imagery, topographic and geologic maps
and reports, borehole and streamflow records and other hydrogeologic data. 
 In addition brief field observations were made
by the writer of the geological and physical features of the
study areas and of their relationships to the availability of
ground water. Study materials examined during the present
consultancy are listed in the "References" of this report.
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3.0 Machakos-.Kitui study area
 
3.1 Location and e:ftent: The Machakos-Kitui study area comprises
a main rectangula:: block lying between 10 00' to 2 00' S. latitude
and 370151 and , E.38030 longitude and also a smaller block,immediately to north,the lying between 0030 ' and 1000, S.latitude and 37030' E. and 3o00' E.]longitucle.. The maximumextent from toeast west is about 140 km and from tonorth southabout 165 km. 
The study area covers about 18,425 km2 
and includes
parts of the Machakos, Kitui ard Embu Districts in south-centralKenya. Machakos and Ki-ui, headquarlars of their respectivedistricts, arc the principal population centers in the study area. 

3.2 TopocrraT bv ard e1,.nacre Topographically, the study area can_iViuudbe .... into (1) western region of high isolated inselbergs andclusters of hills shortand ridces interspersed with dissectedbench lands; (2) the narrow flat-topped ridge of the Yatta Plateauwhich extends southeast across the entire central region; andan eastern region of lower hills, ridges and broad 
(3) 

lowlands whichopen eastward into a ].o;.: southwa.rd -nd eastwa -d sloping plain.In the westurn region, which lies largely in the Machakos District,a numiber of large inse--rg hi.l masses rise to altitudes rangingfrom 1.,600 to more t:han 2,000 ni above sea level and 400 600above surrounding to mbench lands The larger streamsI.c...ed 100 to are commonly200 ii below the level of the bench lands, whichappar etlvy are remnantLs of the pre-Miocene peneplain described
by ruf-i' (:eference Q)
 

The Yatta Plateau, as described by Schoeman (reference M),fo;:ms the divide between the Athi River 
now 

and the Tiv'a Riverdrainage systems. The plateau, which has a virtually Ievelsuiwi.t some 5 to 15 km wide, extends from near the O1 Do:inyoS az;j inselberg southeast entirely across the study area for
some 275 to
km the Galana Valley east of Tsavo. The ;vorageslope of t1,, pl;.:eau summit, is about 2.27 m/kin to i.1e southeast.The present channel of the Athi River, which follows a courseclose to the southwest margin of the plateau, is inci.ed some
140 to 160 m below the plateau summit.
 

The eastern region, which lies mostly in the Kitui ancl Jn'muDistricts, is generally lower than the western region. Scatteredhilly tracts and insclberg knobs and ridges rise to aititudesof 1,150 to 1,450 m above sea level and 450 to 650 w. c.ve
broad intervening lowlands of the pre-Miocene peneplai n. Theeasternmost part of the study area, which is a south-.,-.:.rd andeastward sloping contin'ntion of this peneplain, is generally
less than 550 in above sea level.
 

The principal drainage systems of the study area are thosethe Athi, Tana, Tiva and Thua hiriers, but only 
of 

the Ath!. andTana carry p.rc..nial. flot's. Athi,The whose headwater tributariesrise in the high rainfall areas near Nairobi and theon southernslopes of the Nyandarua Ranae, enters the study :irea in thenorthwest near O Doinyo Sapuk inselberg. Draining virtuallyall the western region of the study area, the Athi followssoutheasterly a1--urse parallel to and immediately southwest of.the Yatta 
the 

Plate i. The principca! tributaries of the Athi withinwestern region the andare Eyumo Kaiti Rivers, both of which 

4 
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are ephemeral (seasonal) streams.
 

The Tana River, which is the largest and most important stream
in Kenya, rises on the eastern slopes of Mt. Kenya and flows
 
northeast across the northern block of the study area. 
The

Thika River, an important perennial tributary of the Tana, also
flows across the northwest sector of the study area. 
Rising in

the eastern region are two large ephemeral streams the

Katulani and the Kithioko which drain north to the Tana. 
The

Tiva River and its tributaries, all of which are ephemeral,

drain southward across the peneplain lowlands lying east of

the Yatta Plateau. The eastern part of the study area 
is

drained eastward to the lower course of the Tana River by way

of the ephemeral Thua River and its tributaries.
 

3.3 Rainfall and evaporation: 
As is true of much of Kenya,

rainfal in the achakos-i-jit i area is concentrated in two 
seasons, one beginning in March and extending into June 
(the
long rains) and the other beginning in October and extending

into January (the short rains). February and June through

September are cononly the driest periods in the year.

Precipitation, however, is characterized by extreme variability

both areally and seasonally as well as 
from year to year. Also,

owing to orographic effects the higher hill masses commonly

receive more rainfall than intervening lower areas (reference

C). The highest rainfall in the study area occurs in the

Mbooni and Mua-Iveti Hills of Machakos District ehere the

annual average ranges from 1,000 to 1,200 mm at altitudes
 
exceeding 1,800 in. Also in the vicinity of 01 Doinyo Sapuk

(altitude 2,144 m) average rainfall exceeds 900 mm annually

and in the northwestern part of the northern block on the

slopes of Mt. Kenya average annual rainfall is greater than

1,000 mm. Average annual rainfall in much of the western

region, in the Yatta Plateau, in the Tiva River drainage

basin, ancl in the central and southeastern parts of the
 
northern block ranges from 600 to 800 mm. 
East of thi Tiva
River basin in the Kitui area, annual average rainfall increases
 
to the range of 800 to 1,000 mn but then declines eastward to
less than 600 mm in the easternmost part of the stud-, area
 
(reference F, fig. 4a).
 

Potential evaporation ranges from about 1,600 to 1,800 mm
 
annually in the M1booni and Mua-Iveti Hills. In most of the
 
western region, in the northwestern part of the north'crn block,
and in the Kitui area it ranges from about 1,800 to 2,000 mm

annually. The potential evaporation elsewhere in the study

area is from about 2,000 to 2,200 inm per year (reference F,

fig. 4b).
 

3.4 Surface water: 
 The only fully perennial streams in the

Machakos--Kitui study area are the Athi, the Tana and its
principal tributaries, the Thika and Thiba. 
Other streams
 
are ephemeral (seasonal) and carry surface flows only during
the rainy seasons and for a few weeks thereafter. The larger

of these ephemeral streams are considered to be sources of
permanent supply during the dry seasons, as water can usually
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be obtained by digging in the sandy river beds, even after
surface flow has ceased.
 

The mean annual discharge of Lhe Athi River, based-on records
obtained prior to 1972, was 23.0 m3/sec at gauging station 3DA2 whichis located near Fourteen Falls north of 01 Doinyo Sapuk Hill
in the northwest sector of the study area. meanThe low-flowdischarge (95% flow duration) was 3.1 m3 /sec at this station.At Kamburu Bridge (gauging station 4ED3) on the Tana River ithe northern block of the study area the mean annual discharge
was 107.0 m3/sec and the mean low-flow discharge was 31.0m3/sec (95% flow duration) . This station measures the flowcontributions of the Thika and Thiba Rivers as well as of theheadwaters of the mainstem Tana. (reference A, maps nos. 6

and 7).
 

The mean annual runoff, in 1/sec/km2 , is from 15 to more than30 in the Thiba and Tanaupper wratersheds, from 10 to 30 inthe Thika watershed, and from 1.0 to 20 in the upper Athi.Elsewhere in the study area mean annual runoff is less,1.0 1/sec/km2 virtually all 
than

of which occurs during the rainy
seasons or shortly thereafter (reference A, map 5).
no. 
3.4.1 Surface-water storaae: 
 Several types of surface-water
storage are utilized in study Naturalthe area. depress ions,locally called pans or waterholes, are widely distributed inareas of fairly level terrain, with clayey and silty soils.
They may be formed initially by wind deflation and then enlarged by sone hand excavation and/or by the trampling ofanimals. Generally, such pans are broad and shallow andcontain water no thanfor more a few weeks after rainfallceases. 
Dalolos are natural depressions in stream channels
which hold water for short periods following ephemeral runoff.Earth dams are constructed across relatively deep and narrow
stream channels, where soil and foundation conditions arefavorable. Suitable sites for earti dares can be found inmost of the study area, except for the lower and flatterparts of the eastern region. Rock catchments are alsoutilized at sites where the runoff from rocky tors or inselbergs can be collected behind dams or weirs constructed across
drainageways on 
footslopes. 
Suitable sites for rock catchments
can be found around the footslopes of many of the isolatedhill masses of the study area, notably in the eastern reg.ion.Subsurface dams arealso presently utilized in many placerin the study area to collect stream underflow in subsurface
storage. 
There is scope for much wider use of subsurface


dams for water conservation.
 

As of 1962 some 52 large earth dams had been constructed in
Machakos District and 75 in Kitui District for a total of 127
(reference D, p. 252). 
 Of this number about half are located
in the study area. 
 These dams, constructed by earth-moving
machinery, had initial storage capacities which averaged about
45,460 m3 ech. There were also some 269 smaller earth dams
in Machakos District and 416 in Kitui District. Of the total
 

6
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of 685 about half are located in the present study area. The
 
smaller earth dams, constructed mostly by hand labor with some
 
animal drawn scoops, generally, had initial capacities of less
3
than 10,000 m . (Those dams with less than 10,000 m3 
capacity

have generally been considered "seasonal" while those of larger

capacity have been considered "permanent".) Since 1962 new earth
 
dams have been constructed. 
At the same time many older dams
 
have fallen into disrepair or their reservoirs have filled with

silt. At present there are several hundred earth dams in the
 
study area. The initial reservoir capacities of about 75% of

these were less than 10,000 m3, 20%_ranged from 10,000 to
 
20,000 m , and 5% exceeded 20,000 m.n. 
 The cost of desilting
 
a reservoir is on the average about twice the cost of new
 
construction per unit voluma of water storage provided. 
Thus,

where the capacity reduction due to silting exceeds about half
 
the initial storage volume it is usually cheaper to construct
 
a new dam downstream and to leave the upper older dam as 
a silt
 
trap. Only where there is no alternative downstream dam site
 
should desilting of an 
existing reservoir be considered. The
 
cost of an earth dam and reservoir is chiefly a function of

the amount of earth which has to be moved. Costs now range

from about Ksh 13 to 20 per m'. Storage efficiency can be
 
judged on the ratio of the amount of earth which has to be
 
moved per volume of water stored. Least efficient (and most

costly) in some small excavated reservoirs is a 1:1 ratio.
 
About the maximum efficiency obtainable is 1:15.
 

In many places in the study area there are large masses of bare
 
rock (tors or inselbergs) which may rise 50 to 200 m or more

above the surrounding peneplain. 
These have been utilized
 
since the early 1950's for water harvesting projects to collect
 
and store water in rock catchments. Construction of these

catchments generally involves building low but carefully aligned

masonry walls or "garlands" around the edge of the recl 
 mass so
 
as to catch the bulk of the rain water falling on it and to
 
guide this water into a storage tank built at the foot of the

rock mass or in some cases at a convenient point on the rock
 
itself. 
Storage has often been achieved most effici.ently by

cleaning out deep pockets of weathered rock material, which
 
may be 5 to 10 m deep with a virtually impervious base. Dams

of concrete or masonry 4.5 to 6 m high have then been constructed
 
to create deep, narrow reservoirs with minimal potential evapora
tion and siltation losses. Alternatively, in more open storage

sites, earth dams with concrete core walls and spill; ays have
 
been built. Such dams have been raised to heights of 7 to 8 m

with core walls extending 8 to 9 m below ground level to reach

solid rock and form an effective seal. Rock catchments have
 
been built in the study area with initial storage capacities

ranging from less than 10,000 m3 to as much as 70,000 m3 . About 
one hectare of rock catchment area has been considered sufficient
for 1,205 m3 of reservoir storage in low rainfall areas, that
is, less than about 600 mm average annually. in higher rainfall 
areas, of course, relatively small catchment areas can provide
relatively large volumes of runoff for reservoir storage. As
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of 1962 there were reported to be 3 rock catchments in Machakos
 
District and 24 in Kitui District with about half the total in
 
the study area. Since then more have been constructed, but the 
total number now extant in the study area is not known at this 
writing (reference D, p. 250-251).
 

Another type of water retention and storage facility which has 
been increasingly utilized in Kenya since the early 1950's is
 
the subsurface dam (reference D, p. 249-250). These structures
 
depend first on the availability of extensive deposits of coarse 
quartz sand such as are conmmonly found in the larger ephemeral
streams (sand rivers) of Machakos and Kitui Districts, arid 
second on the presence of a rock ledge across the stream channel. 
The principle is simply the retardation and accumulation of 
the undorflow which moves through the sand. By constructing 
a concrete or masonrv barrier (subsurface dan) at a rock ledge 
across a sand river, water-saturate sand collects behind the 
barrier and eventually underflow is forced to the surface and
spills over the barrier, which has now become a wir. Initially,
the barrier needs to be no higher than the oricrinal sand surface 
but it needs to be well-foof:ed in the urderlying bed:_ock. Each 
yeaK during dry periods it can be raised 50 cm or so by adding 
a new course of concre,.e or masonry on top of the barrier, there
by prv:iding space for collection of more sand on its upstroam
side from successive floods. By giving carefiul attention to the 
height o each course which is added, only the coarse bed-load 
sand of the stre! accumulates beh.;ijd the barrier, and 'che finer 
sand an i'.-1t are carried over the Lop during floods, The 
coarser the san1,, the gre,)er is its storage Lnd water-yielding
capaci Lyo Su] fac'- daint_ on the larger sano rivers can be 
expectc t:o have yiej.ds ranging from 25 to 100 m/d during
rnorroul. dry 
ted during 
subsurface 

seasons. Considerably larger yields could be expec
the Y-ainy seasons. There were as of 1962 some 226 
daris in Machakos District and 35 in Yitui District 

with about 
subsurface 

half 
dams 

Ghe total 
have been 

in the - esent 
construcced in 

study area. 
the area in 

Additional 
more recent 

years. 

3.4.2 Surface-water uti].ation: With the exception of the Yamburu, Sevon 1or]s and Kindaruma hydropower Jarms on the Tana
River in the northern block of the study area and the Yatta 
Furrow irrigation project which depends on a diversion from
the Thika River, most existing surface-water storage facilities 
in the study area have been constructed to provide water supply
for urbal, 2url and liVE.v.cck use and some limited supplemental
irrigation. They also serve to regulate runoff for enhancing
ground-water recharge and for erosion control.
 

Earth dams have been the most favored method of storing surface 
water in the study area, because they are considered to be most

cost-effective in terms of the quantity of water which can be 
stored per unit initial ccnstruction cost. They are, however,
vulnerable to rapid siltation in many places and must be period
ically clianed, if they are to remain viable. Most earth dams
 
in the area, if they are not periodically desilted, can be
 

8
 



- 9 

expected to have a useful reservoir life of less than 15 years.

(In some cases reservoir life may be less than 10 years. The
 
reservoir behind the earth dam at Kitui, for example, is
 
reported to have silted up in a period of about 6 years.) 
 In
 
recent years subsurface dams have been increasingly favored
 
for water storage, because they are subject to minimal. evapora
tion losses and have relative low susceptibility to si-ltation,

while at the samie time they provide -, filtered water supply of
 
better sanitary quality than that available from an earth dam.

Rock catchments also can generally be expected to have consider-
ably lower rates of evaporation arid siltation than earth dams 
(reference D, p. 246-260).
 

To assure the viability of a surface-water storage facility it
 
must also be protected against direct depredaticn by -:eople and

livestock. This can involve protection. of facility by fencing

and/or provision of an effective means for drawing off water

without giving direct access to the facility by the human and
 
animal population. In some parts 
of the stud* area water is
drawn off by a gravity pipeline leading to a watering point
at which a concreie tank and cattle trough is instal-:;. The

tank i:.- kent cointinuously full from the pipel.ine and .. s 
 con
trolled by a ball float vaLve. For genieral comrtunity and live-.

stock use tanks of about 4.5 to 45 nv° capacity havw been used.

Elsewherc in the study area waLer ,7upplies Ji;Qve been ce\.eJ.oped
for villagles and towns locaited on higher goundi by inj .
the large permanent streais, from ea .Lh damis , r'r '.ii brvbsirEco

dams cv.L sand rivers and lifting the water thro J,17%_,,.,:Cs to
 
eievat',J tanks for distri,,tion to '1ocal w0'u. .iq L'.!ni. So 'e
pine Jli:;z s, such that ing Muteio, are i l:c1 ,s 17 km
as 1%u]:'l 

long. This pipeline ta]kcs its water 
by pumpix trc-: ,-a ;ubsurfa;c
dam on the Tiva t*iversouthe.t of the town. " .. . i, also
served by a pipeloii, c with an intake on the ephemera. '.,'bua River 
about 17 km to the noirtho-Ist of the town. 'ater sn;.KLies from
both tiosc sand river subiur.'ace O.:ams are suple. icnt d by supl:,.i.s
from bore_>eles. 

3.5 flvdroceoloqy: There are three groups of rocks in the
Machakos-Kitui study area which store and yield gr&: water 
to wells, boreholes and springs. The most iro:utarcL -id
extensive of these groups are metamorphosed sedir.:.en'a-:ry and
igneous rocks of Precambrian age. They include crys7-.]J ine
limestones, quartzites, muscovite schists, and hornh .eI±n&e
gneisses as well as migmatized gneisses and granite!s. -iTogether
with amphibolites, pyroxenites, pegmatites and othc-r: itrusive
rocks, they form a basement comlox that lies bcne-th a thin 
veneer of soils and alluvium in some 85% of the stud:' area, or
protrudes through the veneer in rocky tors, rounded bare rock 
inselbcrgs or elongated hills and ridges (reference K, L, M 
and N). 

Tertiary and Quaternary volcanic rocks occur in the Yatta
 
Plateau and in the northwcstern part of the northern ,lock of
the study area. Altogether, these rocks lie at or near the
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surface in about 15% of the study areas. The Yatta Plateau is
 
directly underlain by one or more flows of phonlite lava
 
resting directly on rocks of the basement compl-x. These
 
flows with an aggregate thickness of about 6 to 15 m and of: 
presumed Miocene age apparently filled an ancestral vallcy
of the Athi Piver and displaced the river soatlwestward to 
its present position. Also during p?.e-Miocerne t.me a wide
spread pene zajn was cdeveloped by ea.-sior~al 1,vc.lin of base
ment com.p.Lox rocks This peneplain, now di.seCted Ly doV7in
cutting of streams, is reprececaLed L-y) bench lands in the 
western region of the study area and by more the extensive 
erosior. plais- of the eustern rego-a. Also nuwferous 
uyosional residuals, in isolated hills and ridges of resistant 
rock, now ris above thc peneplain suriace. Younger volcanic 
rocks of presumed Quazternary aqe Erld resting on rocks of the 
basement complex are present in the northwest part of the 
northern block. These volcanic roc n.: fows ofncJ.uda 

p.onol.itic trachy.e- from he Mt. Knya lava field to thc west
 
and aJ.so a narxcv band of olivine 1.salt whici closely follows
 
the course of the ThJba River (ref(i-cnces M and Q)
 

Aluvii d-ICSiLtLs of sand with some anclaky of lateai.l!

1'eiecc-.o_ to iacgcnc( occur a'r,;-,. .:most of the large,:
 
s1-re - S. D i. :,aces, as : r exariple , in -he lowe-r ,ech
 
o7 t"'ll., ite .ive and in tie reach of the Z';-i "i",.I

:.arf! the iunction of the Athi the aluvit.umi is as :uch

Wis 10 in - T, m *t . in t-, StuId '-ea I the
ck .- . howEvc'iT, 

a 1 .1iV t-ce.,i ne r s r-o i- iretc::
F1,' : e wr t-h, t].ck 

,-..-. b the 3. Lcov.':. -.... p: v 90-t 0f s;-:,:y A -c: 1 2. Ccvcr 
m : c..,'c:'ntiwo -r to ,r .. . 1 ,,.-" t':ick. Vir

tually_ ., t' <-'oi].c are o' residual. origin LcvE.oped by deep 
weat.hrJr,g of the uride]yi jigpar.uent b...ock. S.: soi, t:'e 
conmonJ.y of low natural fertility requiring applicatio-nsf of 

anY2]KL~ ;:.~uras . . thr pr far-:lizer for satfactory crop 

3.. . 1 W, ' ilno P. CorD.e:.: roclks: 7{.-,ong all the rock 
g,ro.ups , tbc Precanr.<ian ]baser.int co:2. Len - is the most ...... 
in the study ar.a. The meti-Eorphic aid igneous :ocks ov the 
basement compie.: are riot ijl crently pereabl . nor do they con
tain e:tensive arid productive aqui fesc. Rath!:.r, extractable 
ground water occuis chiefly Jin relattively small "cells" where 
the mant-Je of wcathered rock may be 50 to 100 in thick land the 
under.yin fracture the rock are relativelysys......:L-i :C 
open and closely spaced. These ce..s gereralJ.i occur in areas 
of low-lying topography near stream channels and separated from 
one another by non-productivc ,-ones of massive. unweathcred rock 
with relatively widely spaced fractures. Such non-productive 
zones must be avoided in the siting of borehoJes., On the other 
hand, selection of favorable sites depends on the sound applica
tion of -eollogic criter",a courled in most ca,,es with ceo'rIuysical
exploration. Evn, with careful sitin. however, some failures 
can and do occur, because the degree of per.mcability of the 
weathered zone and of the underlying fracture system is a 
fortuitous element that controls the individual yields of 
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boreholes. 
The cut-off yield for a successful borehole in
Kenya has generally been set at about 6 1/min (0.36 m
3/hr) and
 a borehole yielding less has generally been considered a fai"lure.If borehole sites in the Precambrian basemen-nt terrain are selectedrandomly the failure rate can be as 
high as 30 to 40,, but if
sites are selected after careful geologic-I and geophysical.
analysis the failure rate can be reduced to 15 to 20% or even 
less.
 

Some 90% of the 174 boreholes of record in the study area tap
water in rocks of the Precambrian basement complex. 
 The meanyield from in rocksboreholes these is about 76 ./mi.i (4.56 ia3/hr.)
About 75% of these boreholes yield 106 1/i (6.36 mn/hr) orless; 
50% yield 42 1/min (2.52 m3 /Iir) or less; and 25% yield

(0.6 or .. 10 1/ran m3/hr) less. The mean _-ific carcity (yieldin liters per iminute or cubic mei:crs per hour per meter of draw.down) among these boreho].es is about 2A 1/:.iin/m (2.. 62 ,riA/r/ir)About 75% of these boreholes have specific capacitics of 5 l/min/m
(0.3 m3 /hr/m) zor less; 50% have 1.7 l/inin/ (0.1 mP/hrim) orless; and 25% have 0.5 1/min/ni (0.03 m/i-/') or .highest yield rport afrom bor..hc! e t. r ..Lcg wa.: c in La s~ientcomplex rocks in (17 atthe study area was 284 CIOirW/hr)

borehcle C-401 drilled in January 1946 at long. 37o7.!'E.
1017'5. near Kaig undeO (table 1) . 'h.is borc-hole, 
lat.
 

6 inches :jtdiameter, was drilled to a depth of 34 m. Water was struck. "t27 m and rose to a static JLevel nearz the land surface (references
R and S). 

rnong tbe l)ore.holcs tapping wa rer :in the basement complex recL
the mean depth is 93 M. Ab1out 75% are less than 122 u, deep;
50% are less than 91 m deep; and 25- are less than 
 56 m deep.
The mean depth Lo water (rest level) below 1and--suyr-face datum
is al)t-lut 32.3 io. in these boreholes. In ctbout 75% of the boreholes the rest: level is 43 rii or less; in it is 25 m or50% less;and in 25% it itis 11 m or less. The deepese produciig bor,.-eholein the Uasemc;t rocks of the study area is C-3760 finished in'July 1971 at long. 37036 E., lat. i 0051S. about 2.5 km northof Kwandani, This borehole 6 inches in diameter and 190 m deepstruck water at a depth of 61 m which rose to a rest level 28 i
below land surface. The borehole produced 
 only 5 1/min (0.3 1113/11r)with a drawdown of '77.4 m for a srpecific capacity of 0,1 1/min/m(0.006 1n3 /hr/m) (reference R) Hydr'ologic data for boreholes inthe Mchakos-Iitui area extracted from the Ministry of WaterDevelopment's 30ROP (Borehole data output) .at.a storage bank are given in table 1. Geologic logs for typical boreholestapping ground water in rocks of the Precambrian bascment comaplex; 
are given in table 2.
 

The ground water in the weathered and fractured cells of basementcomplex rocks is virtually all ultimately derived from localrecharge, chiefly by natural infiltration from streams but alsoby direct rainfall. penetration. Also the quantities of waterwhich can be extracted from individual boreholes relativelyaresmall. As indicated in the previous discussion the average borehole tapping water in the basement complex rocks yields about 
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42 1/min (2.52 m3/hr) with a specific capacity of about 1.7
 
1/min/m (0.1 IrL3/hr/m) Ioreover, borehole yitelds are subject

to considerable seasonal a-d annual fluctuation owiing to varia
tions in recharge and ground-water levels. Although there is
 
no systematic onitoring of ground-water levels and borehole
 
discharge in the study area, individual borehole yields during

normal dry pcri.cds are reportod to fall off as much az 25% from 
wet season and as 50- followiig deficient rains.yicI,,e as fr'uch 
During exceptional drougTlh;L the J.ess proci:ive bo..ehoIeS may

fail entirely.
 

3.5_2 ;4aier in the Velcan:c Rocks: Rocks of volcanic origin

resting on o].-e: Lasement cm-p'Lc% rocks directly underlie the
 
land miurface in about 15 of the study ar,:a. Ground water in 
the vol..anic rz-)ck- occur:. chiefly in scoracecos air( fragmeni.:al
 
zones IDt,7een lava flows iind in places alonrj the contacts or
 
these flovws '¢iI~h "n.'.].; r, .;of the h)-;-,..n
 
A.oi-n: the ]74 }o'ehol.s o.; recor, :i.n the Ludv area some 10%

tai ",;a..'er j.1 '1r.ary 'd.aterna].yc;kn vo i.c rocks. A]thouIci
 
so]e eio~.'Lein-I,<-- volc':nic Lck-s prodcLce, only mcager yields,
 
........ .. '' - :~.c ].,2s co;'non n, in the b-asement
I> 	 , ' th1comj9.i(.: rOS]T "'' 'helc.;:S y - ''7: iu ui hl 

in th: volca-i rr' 	 ..h II' --	 , ..... '
L '- l ace
 
(Y~inq to .. .... JJ ' i : 5.. thr Also
 ' d:.con r~.nv p.riable :.ores. 


e,hWta.. h. ,. of !:,,..I ks ii i..Ue
"	 study -re, is

C'Lnc'] yin!
"."';Dc
cos;............ J7.,_, F. : ina.,t-, ; L : rrc~ ,1[ 	 "


.. ....... L ., wc 	 r....
tt. "h L7.-aiC lorr.,P ,l. 

J.4 bJur K: r: K I-.:. ........ 	 , ro::s in th i ~1,y Zj
i it. ',,;-,-. .r'@,q frein; 2) 0 1 /;,.r'_ a in :., ou 32 1/rai2. i:o 	 v.{ >" 
(] '.. ," " ~ZVC 1 i. : ,. .. . r e ' i 

. 'V ' 	 e]
"-h 	: I' ,.,, .. .. v i: .... }.......' 'n a l.oesJr
 

it.o G i.Ly '.. froj l, g ,,.t...,,,. ro~-c'- seO'h~jc '.:IKenya,ti'. -- (..omp I .:, .. 
],eve.. ::,be e ,!. vJ-, ,csf~c;-	 Oil LCSV.,.'YR . 27OC]<: yev .c ;,:1c .Loe-. are, I he a\'Cxageo,1
 
mort:. "P,-Uqr t.,.. a , t x. ~iz tLhosc f ,lt _mOc'kS Of ,.he L... ...
 

"Cum 	reD',> (.rcfc.>.:.rie:, S . .th depths o', t.h; c,,.'oi's in cthe
 
vc).Lc'~ C c ~ the stvdt, _tace C-' to 1L7 8 m w.ith a
.... ar:ea from 

The. cround waler in the volcanic rocks is considerahly less
sbl.oi. "to the .agaries of rainfa ., and local reca.:ge than
we' 	C- .J -,-F ue watex rthai- in i-h- ('i t co1p.Lex,3:..-. ao, a ..ct IsemLntro,. Cr1-- _-.r), 178 m oaes 

are 	gIcnera].y iore extent'ire thaf! the cells in(ro.nd-water 
the 	.beserent co!:blex:. rock']s and consegueiti.y can store mere
 

wateene ye2.c1 t box,'!ce5 o' ; l.onc'r of....	 T~eriods- time. 
A:To in the study area mcic:h of the volcanic0 rock terrain lies 
where .rainfl±] is 300 mm or more with favorable conditions for 

rechw):rje. 

3.5.3 Water in the A].]uviaa DeposiLs: Along most of the largerepmrl .tr.a,s of tho stody area are hanrel .cposits of 
unconsolidated sand with some silt and clcl-. The deposits
along most streams are r;r, more than a few meters thick, but in 
some places they attain i:of a inuch as -0 m. These 
channel deposits form imporLant t'nderf low conduits which are 
directly recharged by surface runoff during the wet seasons. 
During dry periods the underfLow conduits also receive discharging 
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ground water from subsurface springs draining from the basement
 
complex and volcanic rocks. The underflow moves slowly down
stream in the sand rivers where it can be tapped by shallow dug 
wells no more than a few meters deep or trapped in artificially 
thickened sand reservoirs behind subsurface dams. Sui underch 

flow conduits are well-developed along the larger ephemeral

(seasonal) streams such as the Eyseino, the Kaiti and their
 
tributaries in the Athi River basin, the Tiva River inj its 
larger tributaries, and the Thua, the Ikoo Rivers and. their
 
tributaries in the eastern part of the study area. The under
flow conduits in the study area are tapped by many temiporary
waterholes and, in places, by protccted concrete-curbed dug
wells which are used most intensively during dry periods. Also
 
they are developed by 250 or more subsurface dams, and the water
 
is drawn off by gravity or pumping for rural, village and live
stock water supply and some limited minor irrigation. The under
flow conduits provide viable water supplies during average dry
periods, but the yields of wells and subsurface dams are reported 
to fall off 50% or more during periods of protracted de'ficient 
rains or drought.
 

3.5.4 Chemical quality of ground water: Chemical analyses, 
some partial and some cornialete, for some 39 boreholes a':e
 
given in tables A.1.2 and A.l.b of the Ministry of Water Devrelop-ment report, "hydrology of the District-a EachahosFeconnaissance 
Report" (reference C) .Among the analyses are those .or waters 
from 21 boreholes .in the study area. These analyses indicate 
total dissolved solids ranging from 231 to 1,775 mra/1 with a 
mean of about 200 mg/l. The fluoride content of the N;7iters 

ranges from 0 to 6.7 mg/l with .,an 1.,1 mg/l. ,.Lia of .: ates
 
are generally present in le.ss than 1 rng/l. Water from borehole
 
C-1485 is repor-L.:td to contain 30 mg/l of nitrate. The waters 
with lower total solids a-ppear to be of calcium-magnesium
bicarbonate type with the sodium chloride conitent incr:Uasing
somewhat in waters with hiLher total solids. The w..aters from 
the boreholes gencrally appear to be suitable for h.tman and animal 
consumption. Adc~ditional more definitive aralysos w.;ould be desir
able to assess the suitability of the borehole wate-s for irrigation. 

3.5.5 Ground wat0:er utilization: Some 90% of the existing bore
holes iin the study area are 6 inches (152 nm) in diameter and 
most of rest arc 4 inches (102 mm) , 8 inches (204 rnm) or 3.0 
inches (254 mm) in diameter. Virtually, all boreholes :apping 
water in the basement complex rocks are finished with a surface 
string of mild steel casing through the weathered or fractured 
rock, but the lower part is uncased (open hole). About 90% of 
the boreholes in the volcanic rocks are also finished open hole. 
The length of the surface casing string may range from as little 
as 3 m to as much as 102 ni, but the average in the study area is 
about 31 m. About 10% of the boreholes tapping water in the
 
volcanic rocks are finished with slotted pipe either with or
 
without gravel packing. The slotted pipe is apparently set
 
opposite the loose scoriaceous and/or fragmental zones that may
 
tend to cave or collapse in an open hole.
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The majority of boreholes in the study area have been constrdcted
 
by traditional percussion drilling. It is reported, however,
 
that during the past 5 years or so down-the-hole air hammer
 
drilling rigs have been used to construct some boreholes in the
 
study area. This drilling method is much more rapid and efficient
 
for drilling large numbers of boreholes in the hard rock terrains,
 
but some of this advantage is offset by higher capiLal costs for
 
equipment as well as continuing costs for operation and maintenance.
 

About 41% of the .74 boreholes of record in the study area are
 
privately owned and are known to be used mostly for domestic 
and livestock water supply and occasional irrigation of small 
gardens and/or tree crops. About 8.6% of the boreholes are used 
chiefly for irrigation and of this percentage 5.8% are privately
owned and 2.8% are government-ownec. About 38% (66 boreholes) 
of the total (174 borcholes) are used for village and town 
(public) water supply. Of this number the Ministry of Water 
Development operatos the pumps and maintains 24 boreholes for 
rural water supply and 8 boreholes for urban supply. The rest
 
are operated and maintained by other governimicntal agencies. For 
the remaining boreholes of record in the study area the use and
 
ownership are curently unknown. 

No reliable estiratcs are available of total ground-water use 
in the study area nor of the various categories of use for rural, 
livestock, urban and irrigation supply. Total use is probably 
relativve'y simall, however, and probably of the order of 5 to 10 
thousand c ubic ..-. per day. Judging froom borehole distribu
tion ti,c mcst Igt:Un ,ive ground-water extraction from existing 
horeho e is nI the southwest corner of the s;tudy area near the 
NaizoLbJ.- :ombasa hiqhw,,,ay; in the Mavoye-Muumander area also on 
the westorn side of the st--udy area; in the vicinity of Machakos 
town; in the Kitui-Kan.jundo-Tala area of LMachu.kos District; and 
in the vicinity of Kitui town. These areas would merit attention 
for potentiaJ. ~roh.ms of. local overdevelopment. Elsewhere in the 
study are.e .ti, borcdoles are generally spaced 2 km or more 
apart so that ini:criererice between boreholes is not likely to be 
a problem in thZ near future. 

Owing to the nature of the terrain, c a-ptation of high-level 
sprincis and delivery of water by gravity through pipelines to 
population centers on lower ground is feasible at only relatively 
few places in the study area. A spring on Kiangombe Hill 
(el. 1,804 m) is dleve;oped and the flow delivered by a gravity 
pipeline 1.1 km long to the town of of Kerie in Erbu District. 
Also the towns of Mutiti and Nuu in the Kitui District are
 
served by gravity water supplies from high-level spring captations
 
in neighboring hills.
 

3.6 Conclusions:
 

1. Extractable ground water is widely available in small
 
quantities from rocks of the Precambrian basement complex in
 
about 85% of the Machakos-Kitui study area. The boreholes sites
 
in these rocks must be carefully selected if the boreholes are
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to be successful, that is, to yield more 
than about 6 1/min

(0.36 m3hr). The average successful borehole in these rocks
 
yields about 42 1/min (2.52 m
3/br) with a specific capacity

of about 1.7 1/min/m (0.1 m /hr/m).
 

2. In about 15% of the study area extractable ground water
is contained in Tertiary and Quaternary volcanic rocks. Because
they are relatively thin, these rocks yield water to individual
boreholes in about the same quantity as the basciment rocks, that
is, at an average of about 32 1/min (1.92 m3/hr). Althoug0h
yields obtained from boreho).e(s in the volcanic rocks are highly
variable from place to place, f[ilures are much lcss common than
 
in the basement rocks. 

3. 'The underflow conduits in sandy alluvial deposits along
ephemeral stream channels are important sources of water which
 
are tapped by many temporary waterholes, by subsface daus,
and, in places, by protected concrete-curbed dug wells. Along
the larger ephemeral streams these conduits provide viable 
water supplies to wells and subsurface dams during normal dry
seasons. The yields of these, however, may fall off 502 or
 
more during protracted dry periods.
 

4. There are apparently only limited data ava'JliJ.ble on the

chemical cualitv of w.ater from horeholes in the study area

These data indicate that total. di.ssolved solds ::a2~;e from

about 230 to 1,775 ni/j. with a mean of about 00 T',,.
The
fluoride ccontent ranges from C to 6.7 mg/l with a mean ofrg/1. With a few exceptions Whe nitrte content aeIars 

1.4 
to be

generally e1s than 1 mg/l. The waters frm bo:reho.es a2-e
generally accept human animal . 
most of the borehole waters appear to) be suitabLJe for i.rricLation,
additional more definitive anal:yses would be desi.:Lable to assess 
any potential hazards for irrigation use. 

_ble for and : .onsuwptthough 

5. Ground water is not available in the study area for lare.0 
or even mnoderate scale irrigation projects. Sma.iJ. supplies

are available, however, 
 at many places and could be developed
by pumping from boreholes which individually could effectively
irrigate areas of th, order of 1 acre (0.4 ha) or more of
vegetable garden and/or tree crops. Also water su-pplies for
small-scale irrigation, of the same order magnitude,of could
be developed from protected concrete-curbed dug wel.;.s andsubsurface das and the water lifted by pumping to cultivated 
plots on higher ground. Or in some places water could be
delivered by gravity pipelines (possibly of plastic) from
subsurface dams to sidehill plantings of irrigated tree crops.
Owing to the limited quantities of water available from poten
tial sources (other than perennial streams) in the study areaand the need to reduce or eliminate transit losses; irrigation
supplies should preferably be delivered to cultivated plots by
pipelines rather than by open cana.s (furrows). 

6. Borehole water supplies, in general, should be given priority
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consideration, in development planning, for village and town
 
water supply. Borehole watrer is normally free of paLhogenic
organisms and requires little or no treatment before use.
Water from most surface sources requires treatment,. which may
be expensive, if adequat-,i sanitary quality is to be assured.
Water supplies from protected concrete-curbed wells and sub
surface doms may also normally be expected to provide water of
better sanitary quality than that from open earth anddams 
reservoirs.
 

7. Wherever feasible new boreholes in the Precambrian basement
rocks should be sited near ea.:th dams and reservoirs or near
subsurface dams, which may provide beneficial recharge to the
ground-water cells in basemcnt complex rocks tapped by the
boreho.es. Or boreheles 
 shou."d be located in the vicinity of
 
streams which can provide na'Cural recharge to the cells.

Readi ly available local recharge serves to maintain borehole
yields at higher rates th},n might be possible otherwise. Such
joint supplies, that is. boreholes-cui-earth dams or boreholes
cum-suLsurface dams would insure a measure of protection against

the in-vitable continrignci es of protracted rainfall deficiency
 
or drought, which characterize the ,tudy area.
 

8. At a few places in the study area hicgh-level springs have
been d1evelotoed by rcotected captation boxes and the flow

delivcred by .. av".t.y ip:Le. .ne to populated centers on lower

grotmc2. This type of waLer supply has considerable merit.

Othe .-. mI-,i.l costs for ca tatilon bo;:es around -:.)ring heads 

..... ,ostscan be relatively low. Although
.sO.Lr.,.rs; do not ape ar to b comiiun in "the study area,

cf..ot- sh-inuld b:e made to locate and identify those which have
a.tOCfL.t ..... dand ,niaie :.ows so that they can be appropriately
devl<,j; ... Ak.so in placwS, it may be possible to Cevc..op combined 
water supplies using both high-le'eJ.'springs and borehoI.es
the sar. area for inureasingc1 the available 

in 
water supply. The
 

most viable lii-. ilaveJ.sjr:,in~s are likc-ly to be found the
in
hilly Crcas of lJ;her rainfall, that is, more than about 900 nun. 

9. Although there has already been extensive construction ofsubsur.!.ace dams and rock catchercnts there is sco'e for consider
ably wider use of these structures for local water supply

the study area. As part of general water development 

in
 
planning

it would be hig]hly desirable to identify specific potenti.al
sites for sucli s.tructures based on study of available aerial
photography, and local topographic and geoloqic conditions
together with on-site field inspections and surveys to develop
cost estimates for construction. This work could be done either
departmentally or through contract. 

10. Throughout the study area, as well as elsewhere in Kenya,there is an urgent need for a program of systematic and periJodic
monitoring of exiztina water-development facilities including
earth dams, subsurface dams, rock catchments, spring captations
and boreholes. Although it may not be possible monitorto all 

16
 

http:potenti.al
http:borehoI.es
http:boreho.es


- 17 

such facilities regularly with available personne., resources,
 
it would seem feasible to select a representative Liumber, say

10%, of those existina and to moniter them on a periodic basis.
 
Only the more important facilities could be selected and should
 
be chosen so as to achieve an appropriate coverage in the various
 
climatic and geographic Zones of Kenya. First, for existing

surface-water facilities, .eevant data on initial con tr"tion
 
details should be compiled and entercd in a computer program

such as that now available in the Ministry of Water Deviopment

BOROP countrywide program for basic borehole data. a
Second,

field program needs to be es ablish.cd to collect periocdically

hydrologic data on such relevart pL;;ameters a! current reservoir
 
levels, availablo storage, water quality and siltation rates
 
at surface-water faciliti-s and water-level, w.'ater-quality and
 
pumpage data at boreholes. At a late.r stage these data could
 
be set up in computer programs for easy retrieval by the con
cerned data users.
 

3.7 Recoimi idations: 

1. The n, of boreholcs in the Machakos-K'itui stuy area 
could, at least, be doubled over the number now ext.ant,

provided i i.oreholes are properly spaced (average 1 to 2
 
km apart) I sited with :spect to eistinq boreholes. (There
 
are pree...nLy some 174 boreholes of record in the study area.)
 

2. There are now existinj pro-osals for \'Iat"r-deveiop.1.nt 
projeccts in the water:n reg.j-on of t ctudytca., th.L IS 
the Me,.chakes . a c;;:eDis Lrict., .n... o..... . . d -j:;-ona
 
Development Progr:r m~ue p ~2 rr'car. c.. Cove r-nTc 1 I-tfor
_'y Ir:enyale
fundinq by the E.:opean E(conomic C:,'unit-v ("C', Ct ther 
with essenitial --'wacr con vt-on and,
works the program proposes, awong other works, the consit::uction 
of some 80 new 2arth20 . singdams, . usingte:ohavestiiqch
speciaii-.. treated c,-tuchmen).. surf'aoe,. ar,d 200 su's. c dams 

-
as weJ 11 as r"he. I. ati.on. -c,one t 
proposals apparently make no provis;on for sFiti.n, c':i .uction 
and eluipng of borelol, (rcfere,-c: I) .3 ProvJ io'l C.,
borehol-&vJ and utilizat.on, it is 1 elieveJ! '-hould 
form an integrai. part Cf ove-call water development ?.'"-e area 
for rural and livestock watcer supply and suim2Jcmaent: . :;r:.-igation.
Boreho.Tos, of course, prov. .- the Lest potcn ticrl sov..r.ce of
sanitary water supply for L.neC human population. In a,:c.ns remote 
from ot.er potential water sou5-ces, such as eFar-th c3.ue or sub
surface dams, may the only available o:rcs ofboreholes be .. 
water supply. Also in areas where erosion has notsoil been 
controlled and earth dams are not likely to be viab3.e, boreholes 
may provide alternative choices for water supply. 

3. As an adjunct to and in conjunction with the aIove cited 
program (item 2), it is recommended that consideration be given
to donor agency financial support of a project for the siting,
construction and equipping of approximately 200 boreholes in 
the Machakos-Kitui study area with the Ministry of Water
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Development as the counterpart agency. 
Also, for effective water

development and management, planning for the siting of new bore
holes should be taken up concurrently with that for new earthdams, subsurface dams and rock catchmcnts. With this approach
the relative advantages of eacih type of water source can be
optimized in any given locality for provision of potable water
 
for the human population as well as basic water supply for
 
livestock and for suppilcmental irrigation.
 

4. Prior to initiation of construction it would be essential 
to develop a detailed plan for appropriate borehole development

and utilization in the study area taking into account the con
siderations mentioned above (item 3), local hydrogeological

conditions, and local socio-economic conditions, such as the
 
acceptance of the water supply by the local 
water users and
their wil.ngness to support at least part of operation andflaintenance costs. All new borehole sites would be chosen
 
first, after careful consideration of geologic and geophysical

criteria based on local surveys and second, after careful

.,alysis of the probable viability of a borehole water supply

in. the l.coa. socio-econc)mic milieu. This I of a
Phase borehole 
developz.ent p.cogram could be carried out over a 2-year period
by the Mini!-try of Water Develo!::ent (MWD) with the assistance

of a senior h-Ndroceo2!o.ist advisor under a donor agency 
 contract.
Du.rin " this would local2-year period the advisor guide geological
and cfeophysical surveys essentj.a] for borehole siting by I.M"D
 
pe.)sonnel aYn socio-economJ.c 
 surveys for borehole utilization.
ie ,,:,fd al:'. ;'1-sist in the procurement of casing and drilling 

cr :v..:L .h%-o:, o':eho..e consruction; of piumps, pipng and tanks
for ".ocLa t. &].striLut:iom; and a 5-year supply of spare parts-
all with donor agency financing. 

5. Dur.ing P,,";e -1I the advisory staff would be increased by
an cd, :iticn.-1ydrogclogist and a wll-drillin; advisor for 
a total, donor acjencvy contract staff of thre advisors. The

Phase I! actLvi Ies would be cor.icd out ovar a 3--year period

for an over2all pi:ojcct duration, of 5. years. The senior hydro
geologist wou.(A serve project and be
as chief would responsible
for coordinatinc, borhcoie consIruction activities with other
watenr-.devc.lopnent vrojects of the Ministry of Water Development
in te study area. The second hydrogeologist would be responsible
for ouiding geological and enginecring personnel of the MWD in
the field oper Lions of el.cillinq and logging of the boreholes,
condu<cting pumiing tests, collection of water samples and in
the preparation of technical reports describing and interpreting
the results of borehole construction activities. The well
drilling advisor would be responsible for the operation and
maintenal-ce of borehole drilling equipment provided under the
project, the training of dri.lling crews provided by the MWD,
the construction . d casing of boreholes, and the installation
of pumps. The 1,WD would assume responsibility for construction 
and maintenance cf delivery c.C elines, storage tanks, and
other distribution facilities .s well as drilling equipment
provided under the project.
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6. The gross cost of the proposed $US input into borehole
 
development project outlined above is estimated to be of the
 
order of US $3,000,000 in 1978 dollars. if a 6% inflation
 
factor is added, the gross cost over 5-year term could reach
 
$4,000,000.
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4.0 Baringo-Kerio study area
 

4.1 Location and extent: The Baringo-Kerio study area lies
 
in parts of th'e E1geyo-Marakwet and Baringo Districts of the
 
Rift Valley 'P,-ovince. Tt comprij ses a rectangular block lying
 
between 35030' md 36-_5' . .longitude and 115' and 0O45' N.
 
latitude covering an a.rea of about 4,546 kmni in west-central
 
Kenya. The ma%-'imum extent from east to west is about 82 km 
and from north to :south about 55 km. Xabarnet, thE: district
 
headquarters of Baringo District, MarigaL and Tambach are the
 
principal population centers in the study area.
 

4.2 Tonaogjra[_y. drainagqe: The study area, which lies athwart
 
the main Rift Valley includes the followincj physical divisions
 
from west to e.as: (I) the Uasin Gishu Plateau; (2) the E].geyo

2scax']?tent- (2) the Kerio Valley; (4) the Tugen Hills; (5)
 
the Lake Ba13*:LDC -.as.4n on the floor of the Rift Valley proper?
 
and (6) the L.2."'A'J."La and Ngelesha Escarpments on the edge of
 
the Rumuru'i P].E.eau to the cast. Drainacge on the Uasin G:ishu
 
Plateau is .', hwostward to Lake Victoria, the divide lying along
the C) i.gvo fscarpment e::cept ,:here it passes west 
of th{ Sion .ivt-!r. This stream drains .intco the Kcrio Valley 
at Diretwo i.ng over a precipice the top of thechcu lava at 

in :'ok whose 300 m, A1i-J, height erceeds 
tiudes aloag Lhr divide ranqe from 2,600 to more than 2,750 in 
above sea j( East nof this divide the escarpmert drains 
directlyi 't-I crio l".]ver by way of 25 or more short sprinc
f.,. .z::cr. st :ce.-nts to the southz...t and south by way ofz.]z.nd 

,.,,o other h aLd,U. of theand tr tribuCarie, 

The e~io V;',.l.ey , which drains north to La!e Turkana by way 
of: t.he Ker:io ]vir.re lies some 1,500 Inbelow the lip of the 
E .&yoE-cr,+ t~ and 900 to 1,200 m balc; the crest of the 

. 'whiCrafrom abou-. t 4 to) '.-In 
wi.,Ic, s.Loes ,', the study area fromr oth~ward across 
a~n a ti-t-de c.. .alut 1,525 in in the south to 1,065 1. in the 
north. T1 ve,1 .\ which is perennial in the study area,
dr.-,.Js o :: 1 .7fromi higch rai4nfall areas (1,150 to 
1,250 nmi) to tho~ &t, south and west of the valley. In the 
ou:thccn pa't of the v-).lley the .riverhas cut down through a 

Co'Ver of a!. I. c eposits and3 into undieriying hedrock. AtChe.bloch .inr, for example, th- road crosses th-e river at 
a gorqe whic :1s ie~s. than 6 111wide but more than 18 m above 
the river ]cvel. About 20 km north of Cherbloch Dridge is 
Lake Kamnarok. This Jake lies in an alcove in young lava 
flows which lhave blocked local drainage of strcams flowing
westward from the Tugen Hills. 

East of the Kerio Valley are a series of northerly trending

ridges, the Tugen Hills, whose crest rises to some 2,285 to 
2,440 m above sea. level.. The h:'gJh rainfall (1,250 to 1,250 ram) 
area along the crest of these hills gives rise to 30 or more 
small spring-fed tapering streams which are perennial in their
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upper reaches but in their lower courses become ephemeral
 
when the surface flows seep underground or evaporate. From
 
the drainage divide along the crest these streams drain both 
east to the Lake Baringo basin and west to the Kerio Valley. 

The Lake Baringo basin in the eastern part of the study area
 
lies between the Tugen Hills on the west and the Laikipia and 
Ngelesha Escarpments on the east. lmke Borgoria (altitude 
990 m) and Lake Baringo (altitude 971m), which form the sumps
for the surface drainage of the region, were at one time inter
connected. Lake Borgoria., however, is now blocked at its
 
north end by large alluvial fan deposited by the Waseges River 
where it debouches from its gorge into the Baringo-Borgoria 
lowland. Lake Dorgoria, whose orly perennial tribut-.ry is 
the Waseges River, contains water whose salt content ranges 
from 12,595 mg/l at its north end to 63,600 mg/. (about twice 
the content of sea water)at the south end (reference V, table 
III). Lake Baringo receives the inflows of four perennial
 
streams along its southern periphery. These are the Perkerra
 
River, which is the largest, and also the MoLo, Loboi and 01
 
Arabel Rivers. The water from ILak.e Baringo is nominally fresh, 
at present, although the:ce are some reports of: recent deteriora
tion in the cheical quality. Doubtless the Cuality would 
fluctuate seasonally arnd annually de-?ending on the ] .nce of 
inflows from and !is inst e',,po-,ation.precipitation streams- ug 
(The lake has no surface outlet.) Data oI the watr.- quality 
of the inflowing streams are not availabj.c, but thz \wa-cCr from 
all is noimina:!.Iy fresh, that is with a totCal disolved so.ids 
conte-,nt probAbly, less than 1,000 mg/l. 

East of the Tak[e Baringo basin the. land rises steeply in a 
series of three escarpments to the rmurut-i PIat"'au, .';b ose 
altitudc ranc.:: from 1,9 0 to 2,500 m. The Waseges, O1 Arabel 
and dcan all peennial, in rainfall},vers, rise high (1,000 
to ] ,- 3 r~d ) rcr, s on tJs plateau and dr ain w.:est and northw,,sto 
The 1 :,;gefs e'i j..es into Lake and the 01 and0orec.ria0.Ibl 
MukuLLn intc i Earingo. 

4.3 Y"ainfall: In the Barinigo-Kerio study area some rainfall 
occur.-s, on tho average, in every month of the vear. PainfaJ.l 
is most concentrated, however, during the period April througlh 
August with August commonly the wettest month of the year. 
January and February are comimonly the driest months. Rainfall 
distribution and intensi-:y are larcgely controlled by altitude. 
Along the lip of the Elcjeyo Esca:,pment, along the crest of the 
Tugen Hills and on the Pumuruti Plateau annual rainfall ranges 
from 1,150 to more than 1,250 amm. In the Kerio Valley floor 
and in the Baringo-To.rgoria lowland of the Lake Baringo basin 
rainfall ranges from 900 to less than 650 rma annually. At 
altitudes greater than about 1,500 inrainfall is sufficient 
to sustain perennial streams, but at lower altitudes only the 
largest rivers and their main tributaries,carry water throughout 
the year. 
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4.4 Surface water: Within the study area the chief perennial
 
streams are the Kerio, Perkerra, Molo, Waseges, Loboi, 01 Arabel
 
and Mukutan Rivers. Of these only the first four are regularly
 
gauged. A suimnary of the runoff characteristics of.these streams
 
based on data through 1972 and taken from reference A (Appendix
 
A, p. 3) is given below:
 

Station Catchment Mean Annual lRtunoff 95% Duration Runoff 
Stream no. area 3 

(km2 ) m3/sec /,sec/m 2 m3 /sec 1/sec/km 

Kerio 2C7 393 5.37 6.01 0.074 0.083
 
Perkerra 2EE7 1,180 3.03 2.57 0.40 0.34
 
Molo 2EGI 595 1.67 2.81 0.17 0.29
 
Waseges 2EB3 331 0.643 1.94 0.044 0.13
 

Of the four rivers the Kerio has the highest annual runoff per 
km2 , po ,sibly owing to the steep slopes and low infiltration 
rates prevailing in its upper watershed. On the other hand the 
Perke:ra and Liolo have markedly hicjher base flows per km2 thanthe .crio,o...I possibl. to higher in[i]Lration rates on their 

t.i.gherground-water return flows during dry weather. 

As s r .in reference A, map no. 3, the base flow runoff 
(95, floW duration) in t highc-r rainfall areas of the Elge'yo 

. t,?L n I!--s a3.1s Lhe Rumuruti Plateau may range 
fro ,",..5 ": 0."0 i/sea/k u ., ... areas of thei..'L-, .. rrinfa.]


l:y the theKcrio :J'- C_& i.go-Bcnoy.ria lowlari.nd o Lake Baringo 
ba iin 'h a t filow runoff is less than 0.1.5 i/see/kin2 . Mean

.' ,,,.nual area,- A, noIthe higher rai .. (reference ma 
5) ):an-es from babout 5 -Lo 7 l/scc/kri' on the Elgeyo Escarpment 
and adja-cent parts of thc (iasin Gilhv Platcau and in the Tugen 

O .. h,\,utruti 'iwateau 1 ean a.,nno ruooi f in the ]higher 
..1.,,o I the ..... ....-'iC 3 /n,. r, L. arrfuIs 

of th, Rc.rio Val.cy and the o l mean annualone-Borr 
runof.( is lel;ss than 1 i,'sec/kmllnu. 

The chief type of SU.zfacL!--water storage utilized in the Baringo-
Kcrio area is the. earth dam and reservoir. There are presently 
esti..ted to be about 30 Lo 4G s uch machine-excavated reservoirs 
with study area wi'h an average initial capacity of about 

.
6,000 m j In additioi th]-,_,are wany more hand-excavated water
holes which provide temporary water supp-lies for people and 
.iv estock. There are ap-narently very few, if any, subsurface 

dams and rock cat.chments in the study area. Lake Baringo itself 
provides important natural watecr storage and is utilized in 
peripheral arc-as for hui'.an and livestock consumption as well. 
as for some limited pump irrigation. The water from Lake 
Borgoria is too saline for human consumaption, but the water at 
the north end of the lake is occasionally used by livestock.
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4.4.1 Surface water utilization: Irrigation on a small scale
 
is practiced in a few places in the study area by pumping or

gravity diversions from streams. A small experinental farm of
about 8 hectares is located at Nakuratapin about l0 kin north
of Kampi ya Samaki. The farm is irrigated by water pumped
from Lake Baringo. Melons, papayas and potatoesL are cullivated
by the trickle irrigation method, and water is- distributed through
one-half inch plastic pipes. East of Niriat and south of Lake
Baringo is the Perkerra Irrigation Scheme constructed during

1954-58. The comirand area, 
 which cCUers 415 haci-ares, is

served ny a main canal of about 0.57 ni-/sec capacity. This
 
canal depends on a run-of-thc river diversiori wcir on the

Perkerra River near Marigat. The chief crops cultivated are

onions and chilies with bananas as profitable .- indbreaks.
 

Elsewhere in the study area water supplies for hiunan consumption
and livestock f:rm surface water sources are taken directly

from perennial streams, fro., Lake Darincgo, froii vaterholes
 
or from earth-dnm reservoirs.
 

4..5 Hv oIrc-lo-..,_. ithin the Barinnjo-IKerio stuy area there are three groups of rocks which store and yield yround water
 
to wells, borehole,- and spi.ngs, h-,)ese grops includce Pro-
cambrian hasement cofc-,lex *ocks, Te2I:-iary and Q*aterna r,' lava

fJ~o\.s with inofrboddcd p " " si t"
 
and in some places late Quaternary 2acustrine ard alluvial
 
deposits.
 

The Preoinn:rian basement co.,le. ircludes . v.-,Ininterbchiod scdhim'':n ts xhic!.. !%-.ve.e,c, ia:: -.. sc pr n.. 
of 

pally
 
to hornblende qn.Ls,,_.s rb .. Li.,i:-bedL with lesser d ,c;.. i .. :-CI ,-sldspar 
gncisss , crystoi l.e li.C,,:,tones, Urt:7i:tes :I bioti Ic 
g oJ. s,0.e 'TY-s rccks crop out in tmh bals, I middlc- 03-c-po

of the 3i1coeyo 'r.,Cprenr ... LtaG form a It 
 vide
to 3 k; .. 
cxteCrnCI:r north-.: oi f] along'c I-1I,- t of t1!e st-,,1y5pj5':, ''iarea . .'hyalI.so lii a-l .. a- cc e,r el Qu:-. irn. , . ;' J.iL 
detritus; in the ,crio Valley trd cbcg :b!.o:Er C t as the 
longitude of the cri.o Riv,-. Alor- illie1 i. Le "a ,-c auparvn b.y
in fault contact in the s . ac ' htho TCrH- %'1uCnic 
rocks which form , c astci.-i ,p - of the valle7y 1\eLr th. 
top of thre Elgeyo ' car,.c. t the Precailbrian rosI- are capped
by Tertiary volcanic rocks whbich formr ectacu].<,r cliffs, in 
places more than 300 m hicli. 

The Tertiary and Quaternax 1 voicanic succession includes basalt 
flows at the base overla:in by tuffaceous sediments, pho:0-olites,
welded turfs, more basalts, trachyt,-s and tufs. These rocks 
underlie all the study area, with the exception of the Precam
brian belt of the Elgeyo Escarpment. Throughout most of the 
study area these volcanic rocks have been brokcn into narrow 
slices by a closely spaced gridwork of north-south faults. 
The Kerio Valley and the Baringo-Bogoria lowland occupy two
 
down-dropped blocks graben this fault system whileor in the 
Tugen Hills, which are uplifted relative to the two grabens,
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form a horst.
 

Unconsolidated Quaternary stream deposits of poorly sorted clay,
silt, sand and gravel directly underlie the surface of most of
the Kerio Valley north of the Cherbloch Bridge and also form a
thin veneer over Tertiary volcanic rocks in much of the valleyfloor south of the bridge. The lowland lying 10 to 15 km southand southwest of Lake Baringo and extending to the north endof Lake Borgoria is underlain largely by fine silts and sands

of lacustrine and deltaic origin. 
 These deposits were apparentlylaid down when Lake Daringo and Lake Dor-oria were interconnected
during higher lake stages in Pleistocene time. A young Holocene
alluvial fan deposited by the Waseges River at the debouchment
of Sand.ai Gorge now partly blocks this connection and ponds the
lower 	 course of the Loboi River in Loboi Swam,. 

4.5.1 	Wat-r--bea-ri.na char.aicter of the rocks: The rocks of thePr'ecambrian smant complex store and yield ground water chieflytE'rcn 1the wcath~cred rcck and contiguous fracture s7ystems. A
number of small springs rise from the ?recambrian rocks along

the middle alid lowe.r "'lopes of the El9.eyc Escarpment. Most of
thuse 	springs are tem'porary and go dry soon after the rains 
cease. 
 During 1950 three borcholes wore drilled on the floor
of the Kerio Vallcy ac part of the l.,erio Val.ey Scheme (ref-!rence
D, p. 149) All three boreholes (C--1127, C-1128 and C-1167,tahics 3 ani 4) tapped ground waiter in Precambrian basement
 
.o.. at3a .th of 87, 57 and 77 In, res;pctively. The yic.ds
,.1Y,e, 2 , ' and 17 1/min, rospectively, ]ic ].citecn the 50

'm 25 coCv:..l::.- w,.c<e >m.2.ntllez for c'hole
oL:.: -,,inq watcr in
'r( The:ocks. 	 are thus leS5 tl;:.n 

average but b-t-r t1 >: "poor". The yields can be categoried 
a. air" . .vm.e 	from the middle and lcwcr slopes.; of t !,qeyo
andr 'Che su'.,stra .um of -he IKcrio f,iyer, whichJ.Cest 

. ."..i. 6%.ocf: study area,
.. 	 the 1-1-1c Prec l:rian ......... .c' ... o as of
~ .. n. sources £roui'± water 
s ' i.e the stvCy area. 

A!on9 	the contact between the PrecamrbriJan basement rocks and
1-)7 	 vol.canic rocks there is an importantover.j.ing Terti.aiy 

sprinq zone which lJes about 300 m be.ou. the lip of the Elgeyo
. This zon rise to or
gives 25 more tapering streams:ir, the stuly area which are fed by perennial springs in their upr,,er 	 rcaches. Thesec streams commonly lose most if not al.l


flow,-. by i-nto ta.lus
infi].ltration the fans at the base
of th,, esc.rp.-mnt. At least four such springs were devc-loped
during the !950 's by enclosing the spring heads with masonry
walls (captations) land leading the flow thedown slopes by
gravity pipelines to points of use on the Keri.o Valley floor.
These 	 gravity water-supply systems, known 	 as the Emsea, Lckwa,
Kabulwa and Sanguru pipelines, all tap springs feeding tapering

streams on the slopes of the Elgeyo Escarprment (reference D,
p. 149). The delivery pipelines range from about 2.5 to 3.5
 
km long.
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The Tertiary and Quaternary volcanic rocks also give rise to
 
many small perennial springs which feed tapering streams drain
ing from the slopes of the Tucen Hills and also from the
 
Runuruti Plateau in the southeastern part of the study area.

Prior to 1962 a number of the springs were developed by protec
tive captations for local. 
use. 
 One of these springs, whose
flow is controlled by a .mall masonry damn, provides part of
the water supply of Kiba]rlnet. T)2:,c water from the 
 isLp:ingpumped to a distribution tank in the highe- part of the town. 

Apparently, there are only four boreholcs (C-1838, C-3506,
C-3526, and C-4077) o_ record drilled in the Tertiary and

Quaternary volcanic rocks of the study One of these
C-3526 at Iabartonjo, produced very litt?.c water and was
abandoned. The other three prc.uc(e. .edsof 23,227 and

183 l/rin, re'..ativel. (table 3) .The median yice.d of
boreholes in Hcnya tapping 
 ,,,atcr in volcni)c roc's is about95 ./min. Thus the yif2ds 2ro. borehoecs C-3506 and C-4077 
are considerecd 'excellent" while the yield from C--1838 is"poor". All four boreholes apparently tap water in fractures
 
or per-vious weathered z:ones in tufFs or l-va 
f1 ows (table 4) 

The Quateiinary alluvial deposits in the Vic-.rio Valley appar
to be anrcrally above thAe regional water table 
and hence donot yield wc.,or in si.;n:if4cait .. ,oua ntLity to ,. or Lo'or:JicLLcs.
Foi iin)p.) b *I-cr) C-1127 and C.-1.2 uncons(li dutcd
 
(2tualC:ernayy &i:?Luvial c ..:_
,uc avh 27.,1 ar. 43.9 -. 

1: C'' C' arc 
. th i V:,. Jj le 1.-. jsin , ie/.rer .e 1ai.' nJ 


t roee ; ) .r (tab I hc trr tl,, ini' t-, .al-'' 

a few ,2te2o-. the l surf-c'c . These cen<,t' t '.esad 

lo;.: ; I Ly, but::ebui they do, hvcX2,Vor, yield :_"::..-I 
 ,: tM. %;
of wter to .;cr- open dug wells su ficien LL forfOscwold . :.: .
 

.:li;stsvc;
r-n use.
 

-. 
 r -- er....
. - ...uIi :at-on: Aside f o li it,-:f lu:c.t trees,, s.h tws e.ed c., :heo i1 . v3J t 11 
', -3.i. , ofzdeiis e c~.]., l:-:sem-i.
 

USe of groun( water f.: irriwt 
 ion in ':L,rt tuc.y a.,:- ) rrI: le

C-2506 and z. oCevClop, p.otectd spring provide ,' ,.

wat-.. ,: IzaI.
tupp].y Jo) E .Taitc.h, Di.tv',o, and 
'T'n,-LS ;ire al.no provi.c, with either rnumpned or .t , r..esuppl].i.Os obc i , frP [rotccteQ( spring caE,.tattjcd.:o r-- rs on
Sprnne-fed st a.s. ].ot..ct..d-- or o-en, ,,:lncs.. a.' ] VQ]vCt
watc,)- suppi.Ia for the rural oyu].a tion and livs ie'. aIonqthe Elcgeyo LEcarpnent, in thc '.lugcn Hi].]s, and Jn c,,&.carpments on the western edge of the Rumuruti Plateau. The rural
population and livestoc]. in the Kerio Valley, which' verythinly popula-tecd, and in the Earingo-Borgoria lowland depend
virtually entirely for water supply on the nearest perennial 
stream, swamp, and/or lake.
 

4.5.3 Chemical qualitv of qround water: 
 With a few exceptions,

there appear to be no data available on the chemical qualityof.waters from wells, boreholes and springs in the study area.The waters from all these are generally reported to be of good
quality and potable. 
Locally, however, some unprotected wells
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and springs may be bacteriologically contaminated. 
Chemical
 
analyses are available in reference V, table III for the warm

springs at Maji Ya Moto, at Loboi, and on 01 
 Kokwe Island on
Lake Baringo. The chemical analyses from all three localities 
suggest that the waters are of shallow meteoric origin and

that warming (approimately body temperature or a little higher)has been effected by deep circulation through the fault gridwork. The chemical cha-acteLitics of these waters sun'narized 
from reference V, table III 
are given below:
 

Maji ya Loboi 01. Kokwe
 
Moto 
 Island
 

Total dissolved
 
solids (ag/iL) 420 425 
 238
 
pi 6.7 6.9 10.4
 
Fluoride (F) (mg/l) 4.3 4.6 
 18.8
 

The analyqcs indicate that the waters from Maji Ya Moto and

Laboi are of 2odium bic;rbor..e type, very slightly acidic,

and (ju.2cC¢ by regional standrtrds) low in fluoride content.

The alna.lvs.:; a comri'on Ceol.ocgic oricjin for the
aso suqgrcst 

waters frr>. the twc z]xing cgrcups. The ;ater from the springs

on 01 Kc land, although lower in total dissolved solids

than the e,.: two, appears to be of sodium carlb.onate-
xioaronU;.:e. y.,,je arid - With the ofy alkaline . c':ceptionhigh f~luo.. conton -t, thn v,"ors from nl! thre*.-. spF-in l.ocalitiesare ponabLr.:<nd suitabl o for h.iuman and animaF:. csumetiox 

4.6 rr~

1. ., 
 C.o-,rod water in small quantities is available

froil bc,-cl-c., taprinj atc?:-h:-ring, zones in P-cambrian

ba se.........i: rntlf 1.corio V.!.cy west of the c trioRiver
 
'we ye.,r c .J .~ o ro: bor,.lhoies this ar- wouldf:roic. 11t C-o iU/ain 

jii-i rahicje]5 30 (0.9 to 1.8 m 3ihr). Elsewhere in
the stucy a :. m.,ht higher yields ranging f:om 20 to 200!/rin (1.2 to 12 m/h,.) can be expecLed from borcholes tapping
wter-b i,:Cj':1Oics Ji the 'j.'c:tiary and Quaternarv vol.canic

ocks . -.,p 5 to 10% of the boreho.cs drilled in these
rock., how-ver, can be e.-ected to produce yields of less 
than 5 I/mAin (0,3 m3/hr). 

2. Ground ater not ava. is; I;l.e in the study area for largeor even moderate scale irriqat.ion projects. Small supplies
are availabl. Fit many p1aces, however, couldand be developed
by pu g iront bozhles which individually could effectively
irrigate areas of the order of 1 acre (0.4 ha) or more of
vegetable gardens and/or tree crops. Also there are many

high-level springs which could 1, developed by captation boxes
and the flo,,s delivered by gi-avity pipelines to irrigate side
hill. plantings of tree crops. 
 Where nceded supplemental tanks

could be pr~vided to store unutilized night flows.
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3. There are many high-level springs which could also be
 
developed by protected captation boxes and tfhe 
flows deliver-ed.
 
by gravity pipelines to population centers and for livestock
 
watering on lower ground.
 

4. Spring captations, of course, have a number of advantcges
 
over borehole supplies, namely low initial construction and
maintenance costs plus provision of water of sanitary quality
equal to that from boreholes. The chief cxpenses are the 
capital and maintenance costs for the spring captation bo,-es,

the delivery pipelines and any balancing sto-rage tanks that
 
may be required at the points of use.
 

5. There appears to be only limited scope, if any, for
 
utilization cf subsurface dams and rock in the
catchments 
study area.
 

6. The chemical quality of the ground water obtained from

wells, boreholes and springs avpp-ars -to be genera1.1.v satisfac
tory for human and animal consumption and also for irrigation.

Chemical data on ground water quality in the stu*1 area arc 
no. almost Lotally lackina and are urgcrtly needed for planni.ng
appropriate water developmient in the study area. 

7. At pre-ent the total extra.tion of ground water from -o,:e
holes in the 5;tudy area is miniscule. Je e is tbu, smple

scope~for bCc-.choo co[:'LLYuctio, and qreu,.d- , te:,: CcAelopnont

J.n r,o. I; ..ar:: of the study a e,: Ut iro;e rm rtic.. . in th
 
ic;,'L .:n(i -:cc<. ,.,ez 'e (J":1/1. 1y s ]U'[i-,..ie ~ cfnno-C:
yi be T b CLd .1 'CY..Cd
P o4 bc11-hoes are spaced Lintervajs of 1. :m or more 
apart there js little hazard of local overdevej.onmcnt. 

4 .7 Recomine nd r]ions-

FVor wa Ib -.develop- -,1: )4nn there urent need fo.ng is 

d.t,''.].1 ecnil surv-ys to loca.;e d 'l-, ~ ngs to
:detLc~m<Ine thI r flow, an.d water-nacl'y ch' :actc-::stics, to 
design apprQ3i.ia te c' ,ation strctu.:e and pipc.ine structures,
and Lo establish a sociially viable loeal milieu for econoic;aIly
satisfactory use of the water. 

2. There is also a need for p.a.ning for borceholc construction
and ground-.wVaI-r development :Ln the study area. Such future
boreholes would prcbably be located nostly near villages or
larger population centers, where viable borehol.e u;e and
maintenance can be reasonably assured. Adeuuate geophysical
and geological studies for proper borehole site selection should 
be completed well in advance of boreholeactual construction 
operations.
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5.0 Costs of borehole construction and development: At
 
present in Kenya, boreholes are constructed departoentally

by the Ministry of Water Development and also by a number of
 
private drilling contCractors who serve the general public.

The Ministry of Water Development (MWD) is presently under
writing the construction cf about 200 boreholes per year on
 
a countrywide basis. Of this number 80 to 100 boreholes per
 
year are constructed .epartm.entally, and the balance are put
down under contract with private drilling companies. The MWD 
maintains a register of all borehoies drilled in Kenya, and 
by law drilling companies must provide the !1WD with well logs
and oth r construcon dotails of boreholes drilled for private
individuals and companies. The MWD also provides borehole 
siting services through its Geological Department for both
 
public arencies as well as private landowners. The MWD also
does som drillinq witlh its departmental rigs for small private
land owners. 

The MWD now constructs its boreholes with 4 percuission rigs

and 2 reccntly accui.red down-the-hole air hammer rigs.

Acqu5 sition of the latter rigs has greatlyc acceleratcd the
 
rate .f dap-rtmont_] const-uction of boreho.Cs. Some 4 to 6 
weeks ere rem uir.l £or ccr-pletion of a borehole 100 rm deep in
 
the Prcarbrian b-.ez ent rocks when put down by the prcussion

drilir, C., - " bor.K:e of the same deit.h i'n the r.e
 
rocks . requiri;.- c,or about 2 days for conm.pletion when
 

n ,.do '. m .1 d l n e-thod. r.he tot-:. costp.er )m -o:.,.;.< Lh> i:C,.' ..... .. I ou. th~ sa e ','", ,vrC~:;~ 

cd;l.J. 3. : ru i c . . ecbno iot.cal ]. is';.__ ar) J.] or ;.niiensive
 
t1 . uAlic);) t. v;Jer ],, the a .r Y;aw'v e drilling
 

,w-th,.iz;C'11- uqcdllcy comcplex, efficiernt and time sav;ng

but j.- operatio] 
 ccw-,m t . Who a large n:.uier of boreholes
 
are to .. , d 'fsort span time, the hammer
C0, lcinc of air 

dril_1 J . .c ob i 'C. oice.( 


-r i.21c.,r m 
b..c . ; inclulincr: a l0-inch surface mild 

steel c:.:.i ' ,.c to 6.-i.l.ch belo ,; the mobilization and setting 
up of tha rd.-lrji;jiv ;oxrt:ization of a fraction of drilling
rig costs; fuei a.c test pumping co.Ists (but ot including the 
permanent pump i,)-:;.U'.ation) costs about K s1i--0,000 to 55,000 

Tt ...... c '-r1 , .' borehci..le 100 deep in 

o:c about Y, si '00 U, 350 rer meter. The samac. borehole if drilled
by i'. .,1,:c ccr:K-:or would cost about doule, that is about 
K sh 80,000 to .l;,600 or a..)out K r;h 800 to 3.100 per meter. 
The hibe,,ir f:.-so: private coritractual drilling are due chiefly
t-o admrinistrative overhead ani techrical services costs, which 
the private contractor must absorb, plus Jos.es as well as a 
profit margrin whichi must be added. 

Mild steel casing in Kenya now sells for about R sh 409/m for
8-inch and K sh 283/n for 6-inch. These diameters are the two 
most commonly used throughout the country. Plastic casing of 
the British-manufactured Durapipe type costs K sh 269/m for 
8-inch and K sh 201/m for 6-inch. Plastic pipe is increasingly
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used in Kenya, where it does not have to be driven. The
 
plastic pipe also is corrosion resistant to aggressive waters.
 

Test pumping of boreholeswhen the percussion method has been

used, is reported to cost about K sh 90/hr and K sh 3J17/hr when
the air hammer method has been used, owing chiefly to higher
fuel costs. Most boreholes are developed by test puping for
 
24 to 48 hours. 

Most boreholes now used for rural and urban water supply in

Kenya are fitted with electric submersible pumps which are

powered by air or water- cooled 
diesel driven generators. The
diesel engines break down much more freqcuently than the pumps,
owing chiefly to lack of Freventive maintenance, The pmping
schedules for public water-supply boreholes are less than Chours per day in about 70% of the services:;, about 8 to 16 hours 
per day in 1.5% of the services and miore -. ,n C. hours in the 
rest. An electric submersible pump of 3 1/2 inch diameter 
without motor costs about K sh 20,000 and of 5 1/2 inch
diameter, about K sh 45,000. A pumping installation with a
3 1/2 inch sub.mersible pump, a small diese ecectr:ic Cenerator
and pump house costs aibout. K sh 50,000. A pumping installation
with a 5 1/2 inch subre:,:sible pump, a larcge d-iescl electric 
generator and. a pump house costL about K rdh 100,000. 
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Table 2.-
 Logs of typical. boreholes in the
 
Precambrian Basement Complex rocks

of the Machakos-Kitui study area
 

C-461 (Sheet 163/3) 
 Drilled in 1946
 
Altitude 1,067 m 
 D/W 48 m* 
 Thickness Depth
 

(meters) (meters)
 
Soil., sandy 


1.2
Gneiss 

39.6
Gneiss, quartx--feldspar; water 

38.4 
at 47 in 11,4 51.2Griciss, quartz-muscovite 38.7 
 89.9
Schist, mica 
 15.9 105.8
Schist, biotite 
 9.7 115.5
Gneis, granite 16.8 
 132.3
Gneis:.,ipuscovi.te and schist 
 6.4 138.7
 

C-500 (sheet 1.63/4) Drilled in 1947
 
Altitu ce 1,067 in D/W 9 r,
 

Soil, sindy 
 3.3 
 3.3
Gneis.', mic.ccous, weathered 
 3.4 6.7Schis, tat.x%mica, water at 12 m 11.0Schist, qya,'tz-biotite 17.7 
Sc i.t., iica 21.3 39.0 

4.9 
 43.9
chC-:h .ica -i. 'cWEort:--biotitegnriiss 12.2 56.1J. andPeei n. t ci, tiLu gneiss 11.0 67.1 

C-5?;0 (:Thcet 23/!) Dri1led in 1951
 
Altlu 32 i49 m 
 D/W1 27 m
 

Clay 

14.0 
 14.0
Cnc'.U"S, biotite 12.8 2r,.8
Gneisss; wat:cr at 45 m 57.6 
 84.4
 

C*.15-15 (sheet 1.,/1 ) an:goIIdi Drilled in 1951
 
Altitude 1,2G4 m 30
D/WV iq 

Rosin, 1,;eztherei with I.cu-ers 33.5 
 33.5
Gn.ei S 

22.9 
 56.4
 ne :-at-hcrLd'; vate 
 at 64 in 9.1 65.5
Gneis 

1.6.8 
 82.3
 

C-3453 (s--heet 150/3) Drilled in 1967 
Altitude 1,308 m D/W 17 m
 

Soil, red 
 3.6 
 3.6
Clay 

5.5 
 9.1
Gneiss, weathered 
 9.2
Gneiss; water at 82 mn 18.3 

70.4 
 88.7
 
*D/W = Depth to water below land surfrace
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Ta  3.-Records of boreholes in the Baringo-Kerio study area
 

Borehole no. Long. E. Lat. N. Altitude 
(-eters 
acoove se. 
level) 

Total 
deoth 

(e-:ers) 

Depth of 
first 
(ueters, 

Static 
'ater 

lvel 
*t:r b.. cW 

Diam_- Yield 
-eeter (l/min) 

(m) 

Remarks 

,.,c ue'face) 
C-1127 35034' 0039' 1,089 122 8T 152 28 Drilled in 1950. Taps water in 

Precambrian metamorphic rocks. 
Private use. 

C-1128 35034, o40 1,219 122 57 57 18 Drilled in 1950. Taps water in 
Precambrian rocks. Abandoned. 

C-I167 350351 0043? 1,219 163 76 152 17 Drilled in 1950. Tapz water in 
Precr,brian recks. Private use. 

C-1838 35032' 0017? 2,591 110 75 73 152 23 Drilled in 1952. Taps water in 
Tertiary volcanic rocks. 
Private use. 

C-3506 35041 0301 1,725 152 203 13 204 227 Drilled in 1968. Taps water in c 

Tertiary volcanic rocks. Public 
use. Yields 227 1/min with 41 m 
drawdovn. 

C-3526 35047 . 00421 2,134 166 6h 83 0 DrI- .ir 168. Taps water in 
Tert ary7 volcanic rocks. 

c-4077 350591 24, 1,0 ,226 220 84 152 183 

Abandoned. Yield negligible. 

Drilled in 1974. Taps water in 
Teriary volcanic rocks. Govern
ment 
31.7 

use. Yields 163 1/min with 
m draidown. 

,.
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Table 2. (cont'd)
 

C-4136 (sheet 150/4) Drilled in 1975 

Altitude 1,152 m D/W 40 m 

Soil, sandy 
(meters) 

4.0 
(meters) 

4.0 
Granite 18.0 22.0 
Gneiss 14.0 36.0 
Granite; water at 50 m 18.0 54.0 
Gneiss; weathered 20.0 74.0 
Granite; weathered 20.0 94.0 

47
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Table 4.-Logs of boreholes in 
the Baringo-Kerio study area
 

C-1127 (Sheet 90/3) 
Altitude 1,089 m D/W 85 rn* 

Clay, silty, brownish 

Gravel, pebbly, detrital 

Gneiss, hornblende, weathered 
Gneiss, hornblende, fresh; water at 87 m 

C-1128 (Sheet 90/3) 


Altitude 1,219 m D/W 57 m
 

Silt, dark brown 

Gravel, pcbbly, detrital 

Gneiss, hornblencie, weath rd;


water aH 57 m 

Gneiss, ho.-nb enle, fresh 


C-1838 (Sheet 104/1' Fosters Farm, 

Kipkabus
 

Altitude 2,591 ri D/W 73 m
 

Clay, tuffaceou- with boulders 

Tuff, fresh; water at 75 m 

Tuff 


C-3506 (Sheet 104/1) Kabarnet 


Altitude 1,725 mo D/W 13 m 

Soil, red 

Tuff, weathered 

Tuff, dzark brown 

Tuff, yellow 

Tuff, qi .ay 

Tuff, brown 

Lava, reddish-brown; water at 103 m 


C-3526 (Sheet 90/4) Kabartonjo 

Altitude 2,134 m D/W 83 In 

Soil 

Tuff, brown 

Tuff, gray 

Tuff, brown 

Tuff, yellow 

Basalt (?), light brown 
Lava and basalt; water at 64 m 

Tuff, yellow 

Tuff, brown 

Tuff, gray and lava 

Lava 


*D/W = Depth to water below land surface 
49 

Drilled in 1950 

Thickness Denth 
(meters) (meters) 

8.8 8.8
 
18.6 27.4
 
51.6 79.0
 
42.9 121.9
 

Drilled in 1950
 

9.4 9.4
 
39.5 43,9
 

53.7 97.6 
24.3 121.9 

Drilled in 1.552 

49.4 49.4
 
44.5 93.9
 
15.0 109.7
 

Drilled in 1.%;68 

0.3 0,3
 
1.5 1.2 
3.4 4.6
 
1.5 6.1 
4.6 10.7 

33.5 44.2
 
108.2 ].52.4
 

Di lled iI )960 

0.6 0.6
 
1.2 1.8 
8.9 10.7
 

18.3 29.0
 
4.5 33.5 

.5.3 48.8 
15.2 64.0
 
15.3 79.3
 
3.0 82.3
 
6.1 88.4
 

77.7 166.1
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