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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 amcunts of erosion
in others. The misuse has been unmanaged grazing, resuliing
in partial to complete removal of percnnial vegetation,. and
cultivation of steep slopes without taking necessary soil
conservation measures. Thus 2rosion is severe on the graz-
ing areas as there is none or little vegetaticn to protect
this soil during the -aigh intensity rains common in the study
area and the cultivated areas on slopes are extremely vulneralble
to erosion if conservation is not practiced.

.Streams which were at one time perennial, ncw flow only
during and shortly after rain storms. The streams also carry
high sediment loads which tends to fill existing reserveirs
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. There are only four
complete metcorological stations in the study areas. Preci-
pitation stations are fairly well distributed in Machakcs,
Embu and Kitui Districts, but there are only six within the
boundaries of the study area in the Baringo District. The
data collection is majnly in the high potential areas. 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 deterioratioa of the land.
Some special precautions may need to be taken during periods
of prolonged drought.

Many people look on irrigation projects as a panacea ior
water and land preoblems. “nis is not the case. Irrigation
projects in developing countries are more prone tc failure
than other kinds oi projects. Of the several irrigation
schemes in Kenva, 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 tne
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 beccme 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 211 the :people. HMuch can be done to assist in thig by
aiding the rural people, particularly in remotc areas, o
collect and store their own water. Tais 'vould be such things
as roof catchments, rock catchments, sub-surface dams and small
surface dams. It is not practical to reach all peonle in
rémote arcas with a reticulated water supply.

The number of Kenyans trained in soil and water manage-
ment Is very limited. To prevent the extreme loss of soil
and water before irrepairable damage is done, an accelerated
progrem of training in soil and water is necessary. This
includes those in top administrative positions in government,
those in the Provinces and Districts as well as technicians
and farmers in the fields. A viable extension staff with
lraining in soil zand water could give advige and training
‘to farmersg,
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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 gels back irto 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 problens
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 inf{luenced
considerabhly 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 amourt and kind of life in an area. The
total available water in Kenya i: not a great amount. It is
estimated that the total available water for irrigaticn 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 an imefinite 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 littie 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 water are stored at the
place where they fail by infiltration into the soil, in
natural depressions, or in depressions made by man, then
their movement to lower clevations will be slowed so that
the rivers will not have as high a flood pealk; 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.

Infiltration

Infiltration into the soil is of primary importance. If
water is to be conserved in the so0il and made available for
plant use, it must first pass through the surface of %the soil.
If a high infiltration rate is maintained, less water will
pbass 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 structurc 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 thai when
infiltration rates are determined for soil protected by
vegetalion and the vegetation is removed, surface -sealing
occurs rapidly. (Schwab, et. al. 1965) 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. 1In general it may be said that the
better the agricultural practices, the higher will be the

rate of infiltration.
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. 1In 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 Infi}tra- Total Apparent Field DPermanent Total

“Tex- tion Pore Specific Capacity Wilting Avail<
ture Inches/ Space Gravity % PW % PW able o
hour % Moisture
Incies
per Fcot
Sandy 2 38 1.65 o 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

1Intake rates vary greatly with soil structure and struciural
stability. :

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

*
From (Israelsen & Hansen 1962)

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.

Temperntures

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 (9C) where £ is the elevation above
mean sea level in thousands of meters. They also have derived
equations for each of the months of the year. (Xast African
Meteorological Department, 1970) Annual temperature variat-
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ions are small.
Sunshine and Radiation

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

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.

Precipitation

The precipitation pattern shows a strong seasonal varia-
tion throughout thce country. In the Eastern and Central
ares there are two rainy sewvsons. The long rains occuring
during Marcn through May and the short rains during October
through December. April is generally the menth having most
rain, but there arce mmany staitions 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 Januvary and February.

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

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 (afterncon). In highly vegetated areas
the maximum is between 60 and 70 percent. The minimum is
about 40 percent.

Evaporation

Evaporation rans are usced to estimate evaporation losses
from natural surfaces. The pan evaporation is affacted by
mzny varizbles, including wind movement, pan diameter, water
temperature, air pressure, deoth of pan, and wind and wave
action. Pan evaporation is converted to natural surface
evaporatioit by using a coerficient which varies between 0.65
and 0.80. (Chow 1964)

Woodhead (1968) computed values of the Penman estimate
of potential evaporation (E_ ) for scveral locations in Kenya.
The mean monthly znd the mein 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 escentjal to research and
management of catchment areas. Agrlcuituraflsts ahd hydro-
logists have agreed that the Penman estimate of potential
evaporation (Penman 1948) is the most suitable evaluation of
evaporation for tropical FEast Africa.

Data for eighty stations are listed in Woodhead's report.
These include the E_ in millimeters per day and E5 in milli-
meters per month. The eifect 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.l

Evapotranspiration(ET)

This is the conversion to vapor and mixing with the
atmosphere of the liguid water evaporated from the soil or
soil surface and that transpired by the plants. Two different
methods are used to gel measurements of LT. 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 1 (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 wuse data from field experiments.

The potential evaporation obtained by Woodhead (1968),
using the Penman method and considered as the mosi suitable
for use in tropical East Africa, is related to ETP by using
a reduction coefficient of 0.8.

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 DBrainage 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 River) 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 are maintained and operated by the
Hydrology section oi 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 Sﬂaller st:reams.

The development firm of Tippets, Abbot, McCarthy and
Stratton (TANMS) has developed a computer model which gives
the runoff of the entire countxy. 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 Hydrogeologist, George
C. fayloxr, Jr. Resu.ts of this study will be included with
the final report of the Study Team. His findings are that
the 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 committce submitted its report to a second
Research Conference which was approved by the conference.

The £ollowing 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 intensive agriculture. Areas at
present under range-uce require intensive management
for optimum production. 1<2.5 hectare are usually
required per stock unit.

IXI. Dry sub-humid to semi-arid (Moisture indices -~ 1i0 to
~30). Land not of forest potential, carrying a
variable vegetation cover, trees characteristic broad
leaved, and the larger shrubs rostly evergreen. The
agriculturazl potential is high, soil and topography
permitting. Areas wnder 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 indices =30 to =50). Land of
marginal agriculturAl V:tentlal 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 unlt-
limited mainly by encroachment of woody spec1es. The
grasslands are notably sensitive to severe grazing.
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V. Ar.id (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. Wildlife could
constitute an alternative to domestic stock, parti-
cularly where 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 dwarf shrub

grassland or a very dry form of bushed grassland.
The vegetation may be confined to runnels, depress-
ions, 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 raiufall 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 evap..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
IT - Forest 61-100
ITI Moist Woodland 46-60
IV Dry Woodland 31-45
Vv Dry thorn-bushland 12-30
VI Semi-desert 5-11

VII Desert 0-4
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Table 3 RELATIONSHIP BETWEEN AVAILABLE WATER
' INDEX AND THE CLIMATIC INDEX

Climatic Index _ Available Wate: Index
0 and above 75100
~10 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 V.

Soil Eros=ion

Although so0il 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. ligh infiltra-
tion rates, which reduces surface run-off and soil erosion
are featurcs 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 withi the run-off
wvater. Tree cover alone on forests does not give assurance
that soil erosion will nct 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 scil 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 crop rosidues 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.

Clearing of steep slopes (above 12%) for crop cultivation
without providing proper cerosion conirol measures greatly
accelerates the erosion rate on these slopes. Erosion con-
trol measures should be planned beforcany land is cleared
for cultivation. Construction of these planned measures
should be accomplished as socu as clearing is done, as large
amounts of topsoil may be removed in a single storm of high
intensity.
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1.3.1 Soil Losses

The imporxtance 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 raired 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
cunulative benefits resulted in a 21.3 percent increase for
contouring.

The following table from Hudson (1971) indicates that
farming practices which reduce s0il 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 vield of crop 10 ton/ha
20 ha area required 10 ha

246 tons probable soil loss 7 tons
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S0il Loss measurcments are obtazincd from small plots

~

where rainiall simulators are used to prceduce storms of a

given length and intensitv.
narginal lands of Kenyaare not availablo.

for the
Suspended sediment

Soil loss measuremenis

load measuremcents were made on many rivers in Kenya and

reported Ly Thowmas Dunne in 1974.
loads were not made.

Measurements ot the bed
A project jointly funded by the Kenya

government and the U.K. Ministry of Overseas Development to

previde nethods of assess

from smcll catchments,

soil losses
scasonal rivers has

ing water resources,
and silt loads of

begun in the study area.

loped in the United States by Wischmeier et.al.
used to detcrmine soil losses under various conditions.

The Universal Soil Loss Lguation (USLE), which was deve-

(1858) is
The

basic equation is A = R x Kx L x S x Cx P where;

A
R
K

L

S
C i
Pi

is soil loss in short tons per acre

is

is

the

rainfall erosivity index
soil erodibility facter
slope length factor
slope factor

crop management factor

$ conservation practice factor

The rainfall erosivity index and the scil erodibility
factors have not been determined for all parts of Kenya.
Dp. Wenner has estimated the rainfall erosivity index (R)
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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 (EI) value measures total
raindrop energy of a storm and its relation to ithe maximum
30 minute intensity. Soil losses are linearly proportional
to the number of EI units

=
DN

/ /]

Hectare
N

s
o

/
P 9 tonsfha /////
g e /]
S 8 —— R S S ]
B / e
i / 18 e
top#/iha
og 6 4 > e
1 / /
,—‘
.8 4 ,/ / -/
0 " e =
~ g 27 tousjha—"
2 ......-_._._../c/ - -:C':t‘:. .
- "
e
U 1 5 3 7 5 € 5
Slope %

FIG. 4 Erosion for different levels of production of iaize

The capability of soil to resisi crosicn is a funciion of
its physical and chemical properties. The most significant
of these are texture, crganic matter, structure, and permca-
biJity. In certain areas K values have been assigned to
nawed kKinds of soils. The assignment of X values bas not
becn done in Kenya. The following values of general goil
types are probably the best estimate to use here.

Sand and loamy sand 0.1
Sandy loam 0.25
Loam and silt loam 0.4
Clay loam 0.3

Clay 0.2
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Soil loss is affected by both length and degree of slope.
These factors are combined into 2 single factor LS which are
shown in Figure O
less than 3%, greater than 20%, or longer than 400 feet are
extrapolations and wheu using values from this area of the
chart it may be necessary to make adjustments based on
experience.

Table 6

AV ]
A

VALUES T'OR PERMANENT °PASTURE,
RANGELAND, AND IDLE LAND

Dashed lines on the chart for slopes

Vegetal Canopy

Cover That Contacts the

Surfaces

Type and ieight

Canopy

of Raised Canopy Cover Type O 20 40 60 80 95-100
% :

No eppreciable 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 .01l

(0.5 i fall ht.) 50 G .26 .13 .07 .035 .012 .003

W .26 .16 .11 .075 .039 .,011

G .17 .10 .06 .031 .01} .033

Appreciable biush 25 G .40 .18 .09 .04C .013 .003

or brushes W .40 .22 .14 .085 .042 .01l1

(2 m fall ht.) 50 G .34 .16 .085.038 .012 .,003

W .34 .19 .13 .081 .041 .01l

75 G .28 .14 .08 ,036 .012 .003

¥ .28-.17 .12 077 .040 .01l

Trees but no appre- 25 G .42 ,19 .10 .041 .013 .003

ciable low brush W .42 .23 .14 .087 .042 .01l

(4 m £all ht.) 50 G .39 .18 .09 .04C .C13 .003

W .39 .21 .14 ,085 .042 .011

75 G .36 .17 .09 .039 .012 .003

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

G ~ Cover

at surface

is grass or grasslike plants

W - Cover at surface is mostly broad leaf herbacecus plants

The C factor reclates the effect of cover and management.

The basic so0il logs 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:

contact with the zoil surface; (b) canopy ccver;

effects at and beneath the surface (Wischmeier,
Values of C for noncropped areas are shown in Table

(a) the vegectative cover in
and (¢)
1971).
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Table 7 "C" FACTORS TOR WOODLAND
1/ 2/ 3/
Tree Canopy Forest Litter
% of Arca % of Area Undergrowth "C" JYactor
:100-75 100-90 Managed 4 .001
Unmanaged.ﬁ .003-,011
70-40 85-75 Manzged .002-004
Unmanaged .01-.04
35-20 70-40 Managed - .003-.008
Unmanaged 2 .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
of

n

Contour Contour
Contouring Stripcropping |Irrigated furrows

2,0 - 7.9 0.50 0.25 0.25
8.0 -12.9 0.60 0.30 0.30
13.0 -18.9 4 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 given situaticn, then the
combinations of the values of C @and P can be made to deter-

mine various crop manzagericnt or conservation practices which

will give a soil loss egual ©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.

A = 200 x

Cropland,

meadow,

A=

corn,

LS

LS

Cultivated up aand down slope

Slope 8% Length 200 feet

R = 200
K= 0.37
= 1.4
C=20.3
P=1.0

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

same as above, but with rotatian of wheat,
corn wilh residue left.

Contour strip cropped

R = 200

K = 0.37
= 1.4

C = 0.119

P =20.3

200 x 6.37 x 1.4 % 0.119 x 0.3 = 3.7 tons/acre/year

Pasturc~-Canopy of short brush--0.5 m fall height

LS

Canopy cover 50%
Surface cover--grass and grasslike plants
Ground cover 80%

Slope 8% Length 200 {t.

R = 200
K = 0.37
= 1.4

(@]
i
o
o
et
™
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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 decreasad 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 30%
Area covered by litter 50%
Undergrowth--unmanaged

Slope 12% 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 60%

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 & SUMMARY OF ANNUAL SOIIL LOSS FRCM CALCULATTONS
ABOVE ~ ASSUMING 200 IIECTARES TOR EACH CONDITION

Soil Loss - Soil Loss
Tonnes/Hectare Tonnes/200 Hoctare

Lxisting Inproved EXLStinéw- Improved

Cropland 99.75 8.29 19950 1658
Pasture 2.78 0.70 5569 140
Forest 13.00 0.78 2600 156
TOTAL L L ~E§}09 I8 1954

The above calculations and summary table illustirate the
$0il losses with various kinds of crep cover and manavement
practices, T tonnes per hectare is considered ihe

Mwelve
maximum allowabla loss of soil ivem a field with a deop soil

if cronping is to be continued. Lesser awounts would be
allowable on shallow so0ils. The totals in the twe righit hand
columsg give qu indicaiion of the amount of woil luqb that
could be expeasted from o catchment area of 600 hecinren with
200 hectares ou r_‘.'n ol cropland, pasture, aod forest. ’i‘!ne
losses Trom the area as it existed origiuslily are nonviy 12
times the loss irom the inmproved or manapged area. The
relative amounts of so0il loss would also approximata Lhe
relative length of time 4o silt up a storage dam below the
catchment area.
'he *o]1nwing iliustrates how the USLE can be used for~

making ceclisions regarding cropping or conservaticn vrnctices,

R = 200

K=10.2

L = 460 ft. Slope = 10%
C =0.18

P=290.6

Maximum allowable soil loss 6.75 tonnes i/ha.

A =200 x6.2x2.8x0.18x 0.6 = 12.1 Tons/dcre = 27.1

Tonnes/ha.

Soil Loss
Tonnes/ha.

Conservation P C
Practice Factor Factcr

(1) Strip cropping 0.3 0.18 13.56 Too high
(2) Terracing 0.12  0.18 5,42 Satisfactory
(3) Terracing 0.12 0.22 max. 6.75 Mox., C value
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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. : :

Grazing and Soil Erosion

Soil erosion ccatrol on the grazing lands of the study
area is receiving little attention. The following statement
is from the rceport of a study made in the Machakos area by
the Departments cof Sociclogy and Agricultural Engineering
of the University of Nairobi. 'Observatioas 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 takecu on cultivated land, very
little was being done." Most of the activity relating to
so0il 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 grazing areas and remedial measurcs
should be started immediately.

Much has been said regairding overstocking. It is not
that the cattle greatly exceed the carrying capacity of the
land, but it is that both the cattle and the lancd are poorly
managed. With proper management, the land could probably
support, except in extremely dry vears, at least double the
numher 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 twe years.

Now would be an ideal time to hegin 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 becausce 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 arca, 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 enclousure. 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
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preceding half-century. The 32 acres were opened to grazing
from April 1951 onwurds on land which before 1949 might have
carried one beast to 12 hectares, 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
wore than 10 times. If the same thing could be accomplished
today, it would rcquire only one-tenth of the grazing as now
exists on the entire area. With all the animals moved onto
nine~tenths of the grazing area with the goed vegetative cover
existing, they could probakly get adequate feed. The remain-
ing cne-tenth could be restricted from grazing and a program
ol reseeding and rchabilitation accomplished so that this
areca could carry the entive animal population as well as is
now being done, il the 11ts were as favorable as that on
the experimental arca. =& _rogram to rehabilitate the other
nine-tentiis of the w12a could bezin and Ltheorciically on the
basis of the Makaveii experiment, the total arcs in four
vears wor.d have ten iimes the carrving capacity it now has.
IT it could adequately provide feed Tor twice the number of
animals whiclhi it now does, it would be a great bvenefit to

the area.

There is an area near Kapherere in the Baringo District
where a farmer has for iwo years kept animals i5om grazing
on ¥ive acres of his property., Cattle were alloved to gpraze
in it beginning early this year. There arc now 15 hesd of
caitlle grazing in the area. ‘The gross is tall end thick, and
with good managemert practices it will. nrovide feed for this
number of animals mest of the year.

With a good vegetative cover, soil erosion will be mini-
mized., The infiltraticn rate will be increased o more of
the precipitation will be available for use by the plants and
more feed will be prodeced. It may be desirable in some
2reas to use some mochanical methods of water control, such
2s; pasture furrows on the contour, small surface depressions,
tied ridges, basin listing, or range pitting. Water spreading
of flood waters whers possible would be a benefit not only to
obtain more nlant growth frem the irrigated arcas, but would
also reduce floods,

501l Erosion Control Practices

Soil erosion control includes all practices annlied to
lanéd that are effective in reducing fliood run-off and control-
ling erosion. The choice of these practices denends largely
on soil condition slope and hydrologic factors.

Much can he accomplisbed regarding soil erosion control
by easy, inexpensive methods such as planting and cultivating
on the contour, crop rotations, strip cronping, tilliage
practices, incorporestion of organic residues into the s0il,
fertilizer application, and others. There will, however, be
conditions where those imethods mentioncd above will not
accomplish the needed coniviol. Where this is the case it will
be necessary to construct terraces, cut-off draing, watcrways,
and other conservation structures such as weirs, drops, chutes
flumes or dams. 1In any case a very careful study of the
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problem on 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,

Rural Water Supply

The Ministry of Water Development is respoansible 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 mecthods
can be used for obtaining water for these programs such as,
roof catchments, subsurface dams, boreholes, surface dams,
rock catchments, and others. Onc of the main problems ror
the individual family with prbgrams 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 plang 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 supnly 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 infiltiration rates of the soil. This
increases the waler storage in the soil, keeping the water
near where it falls for a longer period of time. This lovels
out the flood pcaks 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 increcased soil
moisture will encourage better vegetative growth, which will
also slow the rate of runoif and increase the infiltration
rate. As management practices arc 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 difficuvlt a task.

Many methods of water harvesting, even on a small scale,
will be very helpful in achieving the goal as set by the
govermment. 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.

Roof Catchments

Water collected from roofs of buildings at the family
dwelling place and stered could provide water for domestic



use. Approximately 0.538 liters of water can be collected
from one square meter of rcof surface for each millimeter of
rainfall. Trom 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 zould be stored without loss thirty-
six liters of water per day would be availanle, As this
rainfall is distributad somewhat throughout the year, it is
estimated that a2 storage of five cubic meters would be nece-
ssary.

1.4.2 Rock Catchments

There are many bvlaces 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 different places or directed to a central
communal outlet.

1.4,3 Sub~Surface Dams

Sub-surface doms built on suitable sites of ephemeral

river streams arc inexpenszive and easy to construct, suitable
-site is on a sandy river wnere there is a rock bar across
the stream channel to forin o base for the barrier. The
bzrrier is built cin the rock base and increased A small
amount cuch season., The coarser the sand back of the barrier
the greater is the storage capacity so the objective is to
increase the height of the barrier encugh each year so that
the flow of the stream during flood stage tends to wash the
smaller varticles over the barrier ana leave the larger
particles upstresm back of the barrier. Woter in these dams
is much ~leanesr than that in the surface dams as the water
is filtered in the sand. Also the evaporation from tihem

is a minimum as during the nonflow period ol the river the
water is below the surface of the sand.

1.4,4 Dams

Small dams to store woeter for deoemestic watcr are success-
ful when they arve pnroperly construcited. Cautions should be
observed in construction of these dums. Do not build them
where there is a heavy silt load in the strezmr. ‘hen this
is the case, the dam will soon fill with silt. Evosion con-
trnl measures should he accomplicshed on the catchment area
before dams are built, Care should be falken to provide
adequate spillway copacity for the flood flows which can be
expected. Desgign of each dam shculd be dene by an individual
who is competent in this kind of work.

1.4.5 Boreholes

The water table in the study arca is relatively deep,
50 meters or more which makes the cost of drilling, equipment,
and pumping rather high. For this reason very few boreholes
are made for individuais. Hewever, when thc water supply is
not high in salt content it i generally not necessary to
provide a treatment plant for water from a bhorechole. This
may be an additional expense for some other types of water
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supply.
Water Harvesting

There are many possibilities of water harvesting methods
which if used could bhe a great help in providirg domestic
and livestock water supplies. Most of these methods require
verv little technical knowledege to execute. Generally a
demonstration or merely a suggestion of possibilities is all
that is necessary to initiate the installatvion of small water
harvesting projects. These could be of 2 size for only one
family or for a group of families.

There is a governmenf 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 az 40% of the cost
of these projects.

Irrigation and Drainage

Irrigation develovment 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 watcr are
voth available for large scale development. There is a
potential for development of appreximately 100,000 hectares
with the limiting factor being the water., (ALDEV 1963)

This basin is representative of scme of the problems assccizat-
ed with irrigation development. There is more irrigable land
available that can be irrdigated by the avaiiable water. The
question is where is it most advantageous to use the water.

In the upper basin the need for irrigation is more apnarent
as population pressures bring more people into the arven, and
there is greater need for intensive cultivation of the avail-
able land. liowever, the broken nature of *the lowiscape and
the fact that much of the land is alreudy adjudicated, means
that development in the upper basin will be restricted to
small schemes because of the complications of layout on the
existing pattern of land and land holdings. 1f this water
whiech could be used for irrigation in the uppner basin were
allowed to flow to the lower basin instead and used for
irrigation where large tracts of nonadjudicated 1and is
available, a much larger and more viable scheme c¢ould be
developed. Also the water could be used to produce clectric
power at the several hydroelectric plants netween the upper
and lower basins. In the upper basin, tlie existiag community
and the social infrastructure are an advantage in development
of this area. While in the lower basin there is no problem

of fitting a scheme to the pattern of land holding, but the
laclt of infrastructure and remoteness of the area create
problems. Other items to be considered wihen deciding where it
is Lest to develop are: auality of soil, comsumprive use of
water, crops which can be grown, access to marxets or proc-
essing plants, etc. These illustrations nresent some of the
many nroblems which mustbe consiazred wihen planning irrigation
development, especially in a country like Kenya where water

is in short supply.

With the exception of the Tana River Basin, irrigation
development will be on a relatively small scale, especially
in the areas 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 irstrumental in relieving the pressures of
more land tor more people. It is estimated that if the
entire potential in the Tana River Rasin were developed in
the next 2& years, it weculd provide only enougih increascd
land for 1&% of tho expected incresse in population during
that period. It ic also cstimated thal the poiential of the
Tana River Basin is one-halfl of the total irrigation poteatial
0i the country.

irrigation development is very costly and these develop-
ments are more prone to failure than other deovelopment pro-
LA .'

bad

)

(2]
jects, ne failure is generally uot becausc of technical
deficiencies, but organizational problains.,  Many huge projects
are built throughout the world wilh the best enginecers and
the most experienced personncl in plantiug, design, and con-
struction of irrigaticn projocts. put the potertial is no
achieved. This is generally bhecausc the hoadvworls and main
canal are operated by experienced people and the farm avpli-
cation of the water is left to chance, assuming that the four-
mer is capable of anplying water elficiently for the optimum
yield of crons, 7This is not the caze, 28 the mejority of
irrigators are nottruined in propey appiicutzion of waler cven
through they mayv hove been irrigating for Jlong poviods of time.
The philtcesophy of many irrigators is thnt, if a little water
is good, a lot is better, which is not truc.

The most efficient and optirmunm aponlicatior of water is
not known in this country, as the propoev amounts and time of
«pplicaticn neecd *o he determined Dy rescarceh and iavesii-
getion., The needed reseurch hos nol Boen done horoe, infor-
mation gaiued from vesearch done clsowhare can bo avplied to
irrigation nracticos here, hut feor complete Wdarscanding of
the problemsz, some reseaveh must be done in tie localivy heing
iryigated to relate the research donce at othcr places to that
of itlie local conditions.

Develobment of large irrigation schemes shonld be =torted
only aflter being thoroughily investigated and carefully plonned.
The high incideonce of failure of ircisation schomes. reguives
thatl cverything possible needs to be done to aLsure their
success,  Small irrigation schemes can be very helpnful to
increase productivity and ascisct the farmer. There are many
opportunities to store and use small amcunts of woter to
irrigate small areas where high value crops are grows. Areas
as small as one-hundredth of & heztore could be = major factor
in producing gevrden vegetahles for family use, o even for
sale, if vater werc available to irrigate it. Viih water
available, crops could be grown the cntirve year to that ithree
or four crops pevr year could be obtained From this land, and
could provide the vcgetables necessary for a femily.

Water for thesc small areas could beo made available in
many ways, such as, collecting from roois, run-off from small
areas about the farm, building small dams or depressions to
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collect and store water from small catchment areas, or pump-
ing water from sandy river beds. Depending on conditions,

it may be possible to provide irrigation water for much
larger areas than that mentioned above, and any water which
is stored for irrigotion will be helpful in reducing flooding
and soil erosion in addition to ihe benefits derived from
irrigation.

IT extension personnel were available to assist in plann-
ing and building simall projects as those mentioned, the
limited water resources of the country could be used to much
better advantage and more people could be supported with the
available land. The early projects built would be s demon-
stration of what might be accomplished and other would
provide irrigation water for themselves.

Drainage

Irrigation and drainage are complementary practices. In
most irrigated valleys,the higher lands are drzined naturally
as the water moves down to the lowor poirtions of the valley,
The water table is raised there which mukes drainage nccess-
ary. TFrom 20 to 30 percent of the irrigated lands nced
drainage to continue theirv productivity. The amwount of
drainage necessary is closely reisted to the irrigaticon
efficiency in the aresa.

Druainage is the removal of 2neess water from the laad
surface, or ground water frowm belayw the surince. Removal
of surfece water prevents surface Flocding oy wvonding so that
crops will have favorable moisture conditions, Subsurface
drainage lowers the water table so that thce water doers not
interfere with rcot growth and development. XMost noils in
arid regions contain salts, and water uzed {for irvipgation
also coniains salts in varying amonnils, Hich witor Lahles
cause salt concentrations within the root zene of plants
which interferes with proper plant cvowth. Dyainoge lowers
the water table and salts are removed from the =oil with ithe
water. Proper leaching and water removal will keen the salt
balance of the soil favorable for optimum plant growil.
Much of the drainage in irrigated areas is for salinitly con--
trol.

SB1t balance in a soil is very impoxrtant where vepgetat-
ion is grown. In arid regions where there is insuf ficiont
rainfall to move soil salts hcelow the root zone, there will
be an increase in salt concentrations in the upper poriions
of the soil. During the decade from 1929-32, more than
400,000 hectares of land in the United States was abondoned,
most of it because of excess salts in the soil., By proper
assessment and monitoring of salt concentrations in the soil
and providing adequate drainage, these problems can be avoid-~
ed.

There is a small private irvigation scheme on the norith-
wvest side of Lake Baringo which uses water from the lake
for irrigation. It is reported that every two or threco years,
it is necessary to move to new land because of yield reduct-
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ion due to excess calt in the soil. This excess salt comes
with the water used for iryigaticin. The salt from the water
remaing in the so0il as the water is evaporated or transpired.
The probleir may be either lack of drainage, which would
remcve some of che salts with the drainage water, or it may
be that so little water ig avplied that most of the salt
remains within the root rone of the plante. Application of
sullicient water te move the salts below the root zone would
s0lve the problem of moving to new ground. Joving may be

& solution now, but cannot he continued as pressure for
griculinral Jend will rcouire that all available land be
used productively.

practice reduces the nced for drainage,

e considered as part of sny irrigation
iecessary, the drainage svsiem should he

integral vart of the iryigation wehene.,

Good irrigatioc:
bui drainage nrict
schame, and where
construcied as

bt wes

e
=
—

-)

1.5.2 Water Requirements

The crop water requirement, referred to as the consumptive
use, ds the cepth of water necessary to supply the water loss
of evapotreansprration., This is cifected Ly the climatic
conditicvng, by the crop charactcrintics, and local agricult-
cotices,  To obtuin eptimun groewth of the erop, it
tial that the crop aeeds ho satizficd at oll stages
of provih, However, the cffocet of timing and duravicn of

wator shortagcs on some crops is very prosovesed,  laire
Vioelas are roduced considorably whon wator o : GOCuy

duripg the tassoling stape. 1L the chortare is ol long
aqurstrion during lhis period, the vield cou’id he poduced to
zoero,  The yield reducition on sugar cmne i omuch cionter if
waterr shortecos occur daring the perind of acrive mrowth than

iE the sheovtasrs are daovinr the Tate growih nericd, The
ceitiesl staoge ol waltey shorloge veries wilh differont crops
cnd oven o with different vavieties of the oimoe crop, but
gonevally the most critical stage iz during the flovering and

o . 4
asced development stapges.
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SOIL AND WATER MANAGEMENT
Embu--Kitui-Machakos

Location of Study Areca

The Eastern Province study area is a block bounded by
0°30' and 1900 south latitude and 37°30' and 3800 east
longitude, and another block just south of this bounded by
1°00' and 2°00" south latitude and 37°15' and 38°30' ecast
longitude. This includes 24 locations in Machakos District,
16 locations in Kitui District, and 3 locations in Embu
District of the EFastern Prgvince, Kenya. This is an area
of approximately 18,450 Km“.

Climatology and Iydrology

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

From December to March the northesst mousoon is dominant
with movement of dry air in a north casterly direction.
Therc is very litile precipitation during this period. TIFrom
March to day the wind is from the enst bringing moist air
which prodices the long rainy season. From June to Sentember
the southeast monscon is prevailing and there is air subsidence
which inhibits orecipitation and brings low temneratures.
There is almost o precipitation during this period. ¥rom
Septembe 1 to Nevenber ithe wind is again from the east hring-
ing rainc from the end of November trhough December.

Metecrological Slations

Therc are three meteorological stations in the study arca.
The report from the station at Machukos includes: mean
monthly maximum aud mindimum temperatures, relative hwnidity,
rainfsll, numbcr of davs of rain por month, mean daily radiat-
ion hy months, .onn monthly pan evaporation, and daily wind
run by months. The report from the station at Kitui wvater
sunply includes the same dota as Lhe Machakos station report,
and the report from the Katumani Agricultural lixperiment
Station includes ithe some data as the other stations, except
that there is no report cn pan evaporation. An evanoration
pan is now installed at this station.

Temperatures

Mean monthlx temperatures at Machakos Dam varv from 16.0°C
in July to 20.5°C in March. At Kitui Dam the lean monthly
temperatures vary from 18.1°C in July to 20.4°C in March. The
Makinda meteorolupical station which is Jjust outside the study
area_to the south had mcan monthly temperatures varying Troin
20.17°C in July to 24.6°C in March. The mecteorological station
at Embu Mwea Experimental Station outside the study arca on
the northwest reported mean monthly temperatures which varied
from 20.0°C in Julv to 2391 C in March., The Last African
Meteorological Department has published cquations for each
month of the year from which temperatures can be calculated.
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The only variable in these equations is altitude. Temperat-
ures were calculatad for several locations in the study area.
The mlnlmum temperature calculated for the study arca was
16.0°C at; Kilome, aund Lhe muximumn calculated was 27.8°C at
both Zombe and Voo lcecations in Kitui District.

Sunshine and Radiation

Records of radiation are available only at the metcorolo-
gical stations in the study area. Radiation varied from a
high ol G27 Langlevs pner day at Machalios Dam in February to
a low of 383 Langlevs per day at Kitui Dam in July.

Winds

At Machakos and Kitui Dams, the wind runs have been meas-—.
ured withent any rolereice to direciion, At Machakos Dam the
mecav mouthnly wind run varied from 162 Jm ner day in Octlober
to 90 km per day in June. At Kitui dam it varied Ir m 136
km wver day in Septembher te 96 Iim per dav in Decembe

Precipitation

Precipitation vecords were kept as early az 1904 at some
I

of the staticns in {he gtudy area. Obscervations were rccord-
e¢d in tentizs of a» inch throvgzh 1966, and Leginaning in 1062
they bave boen recorded in miltilinmeters. Several of the
staticns have stonod onerating and in sone, Lhe recordy are
dgiscontinvovs,  Preoosipitalticd wnounis and Ircoueney of

occuranzce are very civacie an ithe three dastricrs of the
Sevdy arca,  Painfalt gegriculture in the area s very un-
certain, and irvicasoion, wheoere possibic, will bhoe a means of
increasing agriculrura’l production.

Procipitation reocords worve ovtaired from uvhe fast Afrizan
Movcoorolopgical Dorvecviient for 40 statlions in oalace-Ritui-
Machakos and 7 in %ovinco-Kerio Vallev., Theso asvoiions with
their mean monthly aad mean annmual precipitation smounts
arce shown in Appendiz, Table 4, The period coversd by most
of these stations was from 1960-76.  Mean monthly and mean
annnul rninf&ll vis calculated for these statious., The
highest mean was 1°7G mm at Kitondo Forest Statios in Machakos,
and the lowest was $H2 mm at Voo Digpensary Staition in Kitui.

-

The rainfall patiern is very erratic with extrome varia-
tions in both the menthly and annual omounts of rainfall,
The time of beginuving ¢f both the "long" and "chortg' rains
is quite variable, making it difficuvlt to deto.mxne planting
dales whoen one can be assured of suflicient moisture to
assurc germination of the sceds and continual growth of the
crop.

The highest monthly averages for the study arca occur
in April and November, The highest mwonthly rainfall for any
of the stations was 9065 mm at Mui Chiel's Camp Station in
Kitui., 7This wag mere than the mean annual r=infall of 796 mm
for this station. In Tebruury aud during Juae through
September, there are long neriods of rainless days. Tho
monthly means for June through September are from 0-16 mm.
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Rainfall of 75% probability of occurrence for these four
months is zero at most of the stations.

Relative Humidity

The three metecorological stations are the only stations
in the studv area rcporting relative humidity data.,

The monthlv mean relative humidity at Machalios Dam varied
between 75 and 87 wercent at 0900 hours and between 46 and
65 percent al 1500 hours. At Kitui Dam the variation was
between 75 and 84 percent at 0900 hours and betwecen 43 and
61 percent at 1500 hcurs. At Katumani experiment station
the variation was bhoetween 72 and 87 nerceant at 0900 hours, and
44 pnd 67 percent at 1500 hours.

Tvaporation

There are two stations within the study area which report
mean monthly pan evaperation. The station at Machakos Dan
reported o mean annual nan evaporation of 1727 wm for the
period 1263-70., Monthly means at this ctation vary from a
low of 91 mm for July to a high of 187 mn for Cctceber. The
station at Kitu Dam reported a mean sniual of 1935 mm for the
period 1963--70 witih a monthlv low of 133 mne for June to a
bigh of 198 mm for October.

StreamTlow

The s{udy area is drained by the Athi and the Tana Rivers.
The Athi has a large drainage basin, but the low flow ig helow
0.5 cumees curing dry months of the year. Most of the stroame
which fliow into it are epheacral, generally bLecoming dry
within one month after the ond of the »ainy scascn, The Tana
is Kenya's largest river and drains the ecastern “iznk of the
Aberdares and the southern slopes of lr. Yenys and the
Nvamberri hange. Considerable irrigation potentiel has hoen
identified on these rivers, particularly the Tane.,  Alihough
much of the Ivgt@nfizwl land areas have been identiiied ws Thai
on the lower reaches of the rivers outside of the study area,
it is poscjble that some of the waters of thesce »ivers can be
used for idrrigation within the sudy arcea.

Streain gauging is generallv done only on the major sty
consequently, very little or nothing is known rcuoxding t
flow of most of the tributaries to the main stronms,

*Ca
o)
1e

h

Sedimentation

An annlysis of suspended sediment data from ihe Ministry
of Water Development (Dunne 1574) indicates heavy suspended
sediment loads in the order of 600 tonnces per m™ per annum
in the Iimbu, Kitui and Machakos Districts. Bed load
measuremeints are absent and in order to estinmate the +wotal
scdiment load or the rates of ercsion, some indication is
needed of the proportion of the tolal load made up by the bed
load. Approximation for bed load discharge as a percentare
of suspendecd sediment discharge vary from 25 to 15% (Land
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and Borland 1951) depending on the charactoristics of {he
suspended material. These estimates are only . approximations
and it is necessarv to use indirect sources of data.

Two small dams in the stady arez provide useful es timates
ef the rate of sedimentoetion. Kelunds Dam, built in 1958 as
a water supply reservoir for Kitui townshin was 6umu1oup.y
silted up by 1974, The average denosiiions gL sediment
represcents a sediment yicld of 733 uQ'Uﬁo/n]‘/dnnum. From
an analysis of the trap offj ciency oi the reservoir it would
suggest thatthe hed lood was at lease 50% of the tctal load.
Results from a stuvdy o Me.uba Danm in Mochakos District
indicales that thg total sediment load was of the magnitude
0f 1500 tonnes/Mn™/annus. It would semn advisable that until
more bod load measurcments are o?faincd; vaat the rate of
bed load ftrunsporf be eatimsted Lo e of the same order as
suspended sediment yield op small catemments in Bascment
Complex recions {(Bdwards L077).

Data on suspendaed sodiment yield iu the study area

{(Dunnc 12%4) indicad tes yiolds generaliv groeslor than 500
m v A y ) 5
Lonnes/

K Janaun, Eedinent delivery racios of catchments
ihis size indiconte a rate of crocion Irom cuvlvivelod lields
to be al leasi ter times Lhis figuve. Thic magnitude of
s01l evosion, LG lonwvvlnq/duuuu would be asout ten times

the smoust of crosion oo Lovabbe \’::';i’:-’_‘-HL dvwstie reductions in
LYo y1e7d°. Losedl doss of 10 1o ornoineels e/ anram i
consicdered Lo marx im0 o eptable on conllow goils,

Aoproject jeintlv fuaded be the I,‘,..'\' Sovermnent ond the
SR v?.n sury ol Oversens Develg cprent o provide methods of
: NLL"I’ resources whiclh includcs g stuwdy of silt

NERCES
Tonds i coason | rsohas Beoun 4o Vir e tteTer v e Ve
LOR0S Ol s r L Ve Has (% O R l.‘.,‘. LR P R N U AN S AN wIteEn

‘

AN T u’ this study Lecome pvni! Pub e, w o wove Qeen!Ed s
ssanmneat ol the sediment leoads gan races of

siann can bhe
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2.3 Soil Conservation Inventory

2.3.1 Application of Universal Soil Loss Equation:

2.3.1.1 Sheet Lrosion:

An attempt was made to aquantify the effect of
sheet erosion by estimating the rate of s0il loss from
the study areas of Machakos, Kitui and Embu. The data
collectcd by the soil scientists ci the stidy team was
used as lar as bossible., To estimate the snil loss
from the Universal s0il less equation (discussed in
secticn 1.3.1) it wasg asstined that the soil noisture was
at fieldcapacity. The actual rainfall factor tlaken
being R=200. Reason for choosing this Tactor for the
study arca was i1hat the estimated average for soine
Iepresentative stations in Kenva is 200 (Wenner 1L977).
By Computing from the rain pavge charts from various
stations the 130 Index (30 winute vainfall intensity
index) was calculsaied for 10 siotions (Wennor 1977y,
In a large area bounded by voi Nairobi and Nunyuki the
use ol R=200 in the absence of any olher reliable 3 ig
unavoidable at thisg Stapeo,

The coefficiconiz for the soil vhysical characteristics
were obtained from the soil survey anta,  The twenty

units vere sclected Oon the hosis of aviailable aoil
iniormation, 0% of them hnd g coelficiont of E=0.20,

This is hocause the soil SULVCey manning indicntes That

Lhe so0ils of the arca are mostly olay, Tt Lns to Le
emphasized that he units used are cocimates in the

alsence of direct sources of Taboratory data With
referonce te tho universel soil Joge cataticon {page i2),
its apwlication iy the came oo dachaios, Kitud and Hmbhu
s0ils is regarded suitable at thig Seege becanse the
limwerical value of 1he cocificients wore obloined from

the suvvey data and from rainfall chorts alveady caleulated
(Wenner 1977)., Mere complote inforiation shovid he
obtaincd to seleet the control braclices best suiLed to

the varticular needs of each farnm unit, soii units, or

even catchment arey units,

2.3.1,2 The R ractor:

ﬁ@infall: is the most important factor in any erosion
discussion. The amount and the intensity of rainfall are
the two major properties for a vainfall to be called
erosive, Yhen g storm falls on a bare land it erodes
the tor seils, with some force., This force or cnevgy
referred to as Kinetic encroy o the ruin ig termed as I
and the intensity i owhich ig falls is griven as 1, There
is then a Formula h=kE x I where R = Rainfall
' E = Kinetic chergy of
that rain
I = the intensity (usually
taken fcr g period of
30 minutes),
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rainfall
are cexpres

The R values are obtained from
the E values per inch or mm. of rain
tons per acre. This can be converted into S u
necessary. The I values are exnressed in inche
pver hour. The sum of computed FI values fov a
neriod iz a numevical measure oif (he ovosivity
rainfail within chat period (Wicahamoier &t al
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findings from their rainfall simulators (personal contact).
The soil mechanical analysis in the field have determined
some olher values of K e.g. there arz values of K=0,23,
K=C.25 or K=0.,19 the differences are, however rather
insignificant where the erosion is concerned.

2.3.1.4.The length of Slowne:

2.3.1

)

ot

The length of slope has bee given a uuiform figure
of 50m. This is because the slopes are qualitatively
classificd by the team's soil scientists or their quanmtitative
values rather exaggerated to an extent which is not practicanle.
Experience has shown that most slopes in small holder
farming areceas of ‘fachakos and Kitui are 50 meters long.
It is considered thai a seleciion of 50m. is good since zuch
length is likely to have no interfercnce from the top te
the bottom, such as roads, ditches or other interiering
structures.

The Slope percent was recorded from readings obtained
Tfrom clinometres. This is fairly accurate. The slope length
and the slope angic in deprces were combined te¢ give a value
of LS., The value was obtuined Trom already prepared curves
(Wenner, Nudsen, Wischmeicor). and recorded iv the apnropriate
column, The Kenya Soil Survey Slope Classification <5 shown
in toble 9. :

The C Yactor:

“The € factor in the eauation ig complicated., An
attenpi vear wede Lo combine field informalion and availablo
Jiterature to arrive at = tentatively ceocurcis value.  The
C facter wee cenleuiated for a maine cron in the stuiy fov
worst conditions chown din Table 10, The soil vniio vowhiceh
the arca is under permanent cultivation wos found Lo e above
50%. 1n table 13 {he bare land is oeiven Lhe werss oor Hitions
oi erosion where no cover oy managoenent 1s practisen aad
erosion [ligures ran to very high values.,  The resid.oo. from
whatever harvest are assumcd removed o be Ted 1o o imads,
Even il lerft it is readily attacked by wermitos ans goesroyed.
Unaer these conditions, thn naize yviclds range fron ! oln 7
bags pesr hectave. The Tollowing crop stages arpiicd hare
were taken freom USHA/SCS (Guide for erosion and sedient
control 1975. Appendix C.) Under the worst condibic:s
crop staze period is as follows: Tor Machalon, Kitui oo
Mbeere area of Embu District.

— =
[

Crop stage period
Crop stage period

Turn plowing io seeding - Tch/March

Scedbed preparation to 1 monih after

planting March/April.

Crop stage period 2 - Istabl.shment Trom 1-2 monthsa =April/liay

Crop stage pericd 3 - Growing cover 3rd month afispe sceaing
May/June

Crop stage period 4 -~ Stubble from harvest to ploughing

The period in the study area starts with tho long rains which
begins carly March.
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Table 9

" Slopes are classified as follows:

~Letter. . . . . -Slope % -~ - Average
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Liv Aoy

he
asures the combined offoct of ail intervelated
vieriablee (W.H.Wischaoior et al 1967)
Ticient O for oa maiwn grown Fiels

waund e

thie

(200 k)
ican

e

P, ihe reacan for sueh COmLALILOn wis Doetause Lo Alnerican
vublos wwava noed Tor caeleulating and relating ol condiCions

in Meclinkos, Titui and Fmbu and their yielids were suotad

in bushels per acrc.

Lablae 1o

3 4 -5 6

£1
Dates Reading {from Crop stage EI in Soil loss

Curves in % Peried Period Raiio

(&4 «
» o

C Value
Column
S&6

Maive
E‘Jaizo
Haine
Maizo

Veaive

Ifeb to 1Mar. 14%
24ar to Lipr, 21
2Apr.to IMay 43
2May to lJun, 65
a2dun to 1Jul, 71

7 33
13 48
43
21 35
G 80

20 0O b
e
N

0.0231
0.0624
0.1078
0.0735
C¢.0480

C Value

0.3148.




Figure 6

erosivi}y

of annual

cumulative

monthly

- 37a -

LN
B e N

—m— s

SR .YE)

el <

. %

100+

50

—
-
-—

Monoh

o~

'~
N

($])
<

<
[En]
(@]



- 37 -

The C factor for a maize crop in the study areca
is determined for five crop stage period c¢olumn 2 in the
table above which shows the actual dates when maize is
grown., The percentages in coiumn 3 in the table is read
from Fig. 6 - which shows the monthly cumulative
percentage of annual erosivity fTor areuas Heircehi, Machakss
Kitui and Fmbu (afterVenner 19773 column 4 shows the aros
stage period already discussed, column 5 shows the EJI
value in period obtained by the difference between the
percentages at the beginning and at the cnd of period e.g.
14% at the beginning and 21% at the end Sives Y%, This
is the valuc entered in column 5. The soil loss ratio
in column 6 are obtained from Table 2. Apricultural Handbook No.
282 USDA. Column 7 is the product of column 5 and G.

The C Tactor for maize, sorghum and beans was
again cousidered separately. In esch cuso o crop was
regarded as being grown in a particular zone. However,

very little ccnsideration was given to any of the zones
as the data is yet to be made available Tor each zone. In
general maize is grown fairly succaesstiully in zone lil and

sorghum in zone 1V while beans can bo in any oi the
two zones. The three crovs are discussed separately,
Obscrvation in the ficld has shown that msixe ond boons

are interplanted. This practice can rosn 1o less soeil
loss from a given slope. This Tact has pot heen considered.,
Conuzideration was givon for crovs which aro OWD 5y pure
stands and the resulting figures are for chone pUre sihando,

Lecs attention was paid to pvarticulav varicties of erope,
but Kolumani variety of maize and "hyesi moja’ varioely of

beans are what we have in mind. Sercna 1o ile variety of
sorghun mostly favourced in many varts of nEnva, buln no
counsideration was taken over sorgbum while working cut
the goil loss ratios.

2.3.1.6 The P Tactior:

The marcpgement P was given the value P=Ll. This is
the value which assumes that the field is nloughed up and
down the hill, without any coniour fariving, contour Ffarming
plus strip cropning, or rotation of crops, Oor even contour
Tarming and tcrracing. In dMachakos and Kitui and some
parts ox Imbu ihe soil loss figures prezented in the tablies
might not be true now since there is considerable congservaticn
practices in the fields. The fipgures rertain to aveags
without an conservation w»ractice.

Sorghum is droupht resistant and can cutvield
maize in the drier narts of Machokos, XKitui and Embu. The
table below is worked out to show the C fTactor in case
of sorghum grown in the arca. Sorghum is usually not
intercropped with other crops in tha region, It takes four
months seeding to harvest. Sorphunm reguirves a rainfall
of at least 12-15 in (305 to 318min, ) during its growing
period, and it is therefore the nearcst cron to our
R=200mm factor value uszcd hreughout the caleulation in the
equation,
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Table 11

Calculation of C factor for a sorghum crop

5 s

4

5 6 %

Crop ates Egﬁdings*from Crop stage Elvin S?i}o 801 .
urves g’ - . al .
pericd paeriod x 9 Col.G *
Sorghum ldan-1Apr, 21 7 70 0.0490

24dul-1Auy 73 2 €5 0.1300
0.5110
*  The description of columns 3 to 7 are similar to those of g
maize crop after Table 10
The table below was worked for the beans in ihe same area.
To get i1 Jegs ratio for particalar crop stage periods,
paanut OV G bean 5 were obtained from the tahic
and then averared., average between these two legumes
Were cousiderod Lo be closely relataed to "Mweui Megja®™ bean-
varioety which is prown in Lhe study area.  No figuves were
workoed covpeus.,  The canopy of cowpeas have almost the
same bhehaviousr as that beans., The condition of growth
YOV cOw-pens is Tundumentally the same as those of beans.
Tubleo 12 _ . ,
gglgu}glicnmﬂ£»g~factggwior a Lean craon
i ) 3% a4x 5% [t 7%
Cron Dates Readings from Crop stage EL in  Soil loss Col.5
curves period period ration xCol.6
Leans  1Feb-2Mar 14 I 1 49 0.0049

2Anr-1May
2May--LJun
2Jun-1Jul

44
G5
71

B 00D

23 776G 0.1748
21 64 0.1344
6 38 6.0228

aMax--1Apr
2Apr~1ilay
Have-lJun
2Jdun-1Jyl

21
44
65

Y
.\

RN

7 G2 0.0434
23 54 0.1265
21 32 0.0672

6 54 0.2120

*

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 BARE GROUND HATZE SORGHUM BEANS OR COWPEAS
Mapping Soil loss Secil loss Soil loss Soil loss
Unit R by LS P 1. R C ton/acre/yr* C ton/acre/yr* C ton/acre/yr* C ton/acre/yr*
Coluuns

1 2 3 4 5 6 7 8 9 16 11 12 13 14 15
MBr/DF 200 0.20 9.9 1 50 29 0.7 277 0.3148 125 0.5110 202 0.242 96
MQ1/Dr 200 0.20 9.9 1 50O 29 0.7 277 0.3148 125 0.5110 202 0.242 g6
PIC/AB 200 0.20 0.4 1 50 2.5 0.7 11 0.3148 5 0.5110 8 0.242 4
PFr/AB 200 0.20 9.4 1 50 2.5 0.7 11 0.31438 5 0.5110 8 0.242 4
PIr/AB 200 0.20 0.4 Y SO 2.5 0.7 11 0.3148 5 0.5110 8 0.242 4
ut3/Cb 200 0.23 2,0 1 5O 10.5 0.7 64 0.3148 29 0.5110 47 0.242 22
uQilsuc 200 0.23 0.8 1 5¢G 5 0.7 26 0.3148 12 0.5110 19 0.242 9
uuc/BC 200 0.20 0.8 1 50 b) 0.7 22 0.3148 10 0.5110 16 0.242 8
uucL/8C 200 0.25 O.8 ' 30 3 c.7 28 0.3148 13 0.5110 20 0.242 10
UNrl/BC 200 0.20 0.8 1 30 5 0.7 22 0.3148 10 0.5110 16 0.242 8
UNr2/8D 200 0.20 1.6 1 50 9 0.7 45 0.3143 20 0.5110 33 0.242 15
ULr2/BC 200 0.23 0.8 1 <0 5 0.7 26 0.3148 13 0.5110 19 0.242 9
UF/7AC 200 V.20 0.5 1 s0 4 0.7 14 0,3148 6 0.5110 10 0.242 5
HQR/DF 200 0.23-9.9 1 50 2y 0.7 319 0.2148 143 0.5110 233 0.242 110
HNr2/DE 200 0.22 5.0 1 50 19 0.7 154 0.314¢ 69 0.5110 112 0.242 53
MNr /LG 200 NO DLATA:  THE SLOPES ARE TOO STEEP - - - - - -
MQ2/DF 2000 0.15 9.9 1 50 26 0.7 2086 0.3148 Q3 0.311C 152 0.242 72
PEb/AD 200 0.25 1.3 1 50 8 0.7 46 0.3148 20 C.5110 33 0.242 16
AXb/A 200 0.23 0.06 1 50 1 C.7 2.0 0.3148 1 0.5110 1 0.242 1
UFr/BC 200 0.20 0.8 1 50 5 0.7 22 0.3148 10 0.5119 16 0.242 8
* Shor: ton
R = rainfall erosivity index
K = soil crodibility factor

= slope length factor

= slope factor

crep management factor

= conscrvation practice factor

o wne
]
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The study area in Embu district concentrates oun
Mbere area which comprises Lwo divisions. Hiakago division
in the northern part and Gachoka division in the soutlh,
These two divisions had received sowe conscervation attention
only when the Special Rural Develooment Propgramme carried
on soil and waler conservation works. Ficld visgits revealed
that ithe soil crosion process in Lhese arca has noi reached
such an alarming stsge as that of Machakos, Kitui ar Laringo
areas. The present agricultural staff have heen introaucing
coaservaticn measures such as grass ctrips. Tt was found
el Muchouoke that cne Fformer had starie:d pracuising erosion
conrirol measvres. A gully 3 2%, wide which had stortod oo
Torm wus controiled by a thin grass strip. It was nointed
out that the gracss strip should be approximately 2 meters
wide., In Muchonoke srea the farmers are Juet starting opening
up land for cultivation. Soil Conmervation measures chould
be done Ffirst when the land is still virgin and when natural
Vegetation can be left as te conserve the seil.  Toy tillzge
praciices, the Mbeer2 inhubitants use mainly ox-drawm ploughs
Jembes and nangus for clearang up. The farms are small
holdings of about 4.1 Ln (10 acves).

A visit to a farm nour Muchonoke nriwmary school
revealed that the old tevieeces there had slhabilized exeent
wi:¢re there were vainsg or where the unimals had trodaen. On
the bench tervaces o variccy of healthy crops were srown- maize,
beans, miliet, manve trecs oud batana trecs., 1t is evident
that “he form nneugement in thisz port can raise vields din
terms of baevost per ha,  Information was obtained (o the
Erass sielns whieh werve very effective in Sstabilizing 1he
iarmz visited in the aves which weore nDlantoed in 1672 After
G oyvears. of giowith Lhey were move effective in conlrod ting
511 erosion on slopes of 5 ot 10% than would QUIPCNSI Ve
structure,  One farm on which orosion  bas been brousit under
conlrol by the wse of gruss strips could bhe usecd for doincnustration.

The gross strivs chould be Taid to follovw the contour
line, It is found in Fambu that whore thic is 10T Lhoe case
the water broke Lhrvough and erodcd the so0il on the lover sides
of the slope. An example of this wus seen in the farm mentioned.



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 Suptember 1977. The ready
answer was that funds were available. 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 ana gullies
werc beginning to form. The extlension staff who lay out

the conservation structures must know that a watesr way has

to be provided to conduct the water from ciut off drainsg

afely down the slope to a natural depression or water
course, If this is pnot done & cut off drain should not be
constructed as it intensifies so0il erosicn. The grass

strips in Siakago division should be made popular also in
Gachoka divisien. The len different farmers who were visiled
and guezstioned on the grass sirips felt very good about

them. They not only were preveniing soil erosion but providiog
Torage for cattle.

2.3.2.2 On_g()j_ng aclivities:

1. Therc a«ve six main soil conservetion nprojects in the
area and nore will be started wben these six ave finished
Two areas in Mbecrc division:

(1) Goakonga - Itira in Nthawa location
(ii) Renyogo in Nthawa location

In Guchoka division the DDC has recommeundad the
following areas in Mbeti and Yuavuria locstions:

(i) Rupingazi Valley Slones - in lbeti location
(ii) Yirima Sloncs in Mevuria location

(iii) liiachina in Mavuria location

(iv) Ngorira - Gichiche in Mavuria location

o

. Land adjiudication has been done in some of the locations
and* the people are happy with these adjudicationsg,
Four arcas were demarcated on a clan basis while ten other
areas have been cuarmarked as adjudication scclions,

3. There is much shifting cultivation going on now and the
peonie who are engaged in this proctice do not want
adjudication. Shift cultivators arc nol conscrvation
conscious,

4. Some adjudicatricn done, may have been carried out on
uneconomical units. Some of the arcas (perhaps should be
left for ranching because of the soil type, cither it is
too shallow rocky or the slonss ave too steep— or a
compination of both for farming.

2.3.2.3 Conclusions on Soil and Water Management in Enbu--Mbere Arca

1. There is very little soil conservation activity in Embu
Mbere area. There arc nc local groups such as Mwelhya


http:aocatl.on

42

in Kitui and Machakos and the people scem to have
never had any contact with the soil conservation
station at Ruiru. This station is supposed to be
serving Embu arca.

scems inadequate,
drains which

exteunsion siafl’
out of cut off
wnto prever arainage

The training of
evidenced by the lay
discharge their water

Land registration ig slow, many
and therc are land disvutcs pending.
Ishiara Scheme te the north of the study area has
to meet its goal because of four problems which
looked into:

(a) the schewe

nf technical know-how.

(b) water is not used effect

(¢) disputes aomonn the irriga
(d) salinity problem

is & practical failurc because

Lively

Lion farmers

i3 becoming evident but bas not yet

Overgrasing

do
channels.

as
not

p2ople do not like it

failed

should be

of lack

become

universal., It should be cheched carly.
3.3 new terreces (An example talen
Aceccoradainyg to records held by the District dAericaltural
Gifice, the whole disiricli has 3060 Ywethye groups wilh a
meshoecs:ip ol 150,000 people  ana 465 of Lhis number 1.0,
060,060 mewbers wre angazcd in constructing now toerraco:s,
Differeni slopes are ailecated the nunber of nmembors onpaged
in constructing new teryaces as follows
Table U4
Constructing rew terraccs % of 60,000 members Actual number of

Slope in % moemhers

0-2 5 3,000

5-15 40 24,000
15-25 25 15,000
25--35 20 12,6060

More than 35 10 6,000
TOTAL 160 ~60, G007

There are 90,000 Mwethyz group mombers who are left
carry out the repairs on the szlready constructed e
This is 60% of the districts' moemborsh vip ol 150,000

who form the 3000 Mwetbya groups in tiae district,

Mwethya group works twice (2) in a weck. Fach time
group works for 6 hcurs a day therefore 2 x 6 = 12

of work per weck. If we multiply
4 wecks we get the number of iours
group.

thiis weekly houra
ner month per Mw

to
rraces,
members
Fach

the
Lours
re with
ethya
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Table 15

Repairs to 0ld Terraces

Slope in % - % of 90,000 members Actuzl Number of meml ers
0-2 5 4,500
5-15 40 26, , 000
15-25 25 22500
25-35 20 18,000
More than 35 10 - .9,000
100 T . . . .. TTG0.000

The following tablc shows tho output in hours
per Mwethya group. haCh slope angle has been alliocated
its share of members who participate in the work for that
parcicular slope angle.

Time Sponf on New Terraces

Table 16

Slope angle & lirs per month No of Members Total hrsg.ner

mowth

0-2 48 3,000 144,000
2-15 48 24,000 1,152,600
15-25 483 15,000 720,000
25-35 48 12,000 576, G0

~35 48 5000 25, 000
TOTAL 60,000 2,830,000

Table 17

Time svent on Repairing 0ld Terraces
1 L -

Slove angle % Hrs per month No.of members  Total hourase

0-2 48 4,500 216,000
2-15 48 36,000 1,728,000
15-25 48 22,500 1,080,000
25-35 418 18,000 864,000
~35 48 - 9,000 432,600
TOTAL . ... 907000 47320,000

Finally we sec that - 60,000 members x 48 hours per month
will spcend 2,880,000 hOUI” in constructing new terraces
and tha, 90,000 members x 48 hours per month will svend

4,320 OOO hour repairing old terraces. In Machakos alane..

bwethya groups spend a total of 7,200,000 hours on terrace
work per month.
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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.,1].25 per hour (sce Kenya
Gazette Supplemeni No. 42 of 1/4/77.

¥requently wpeople will not work for the hourly
rate of Ksh. 1.25 and the figures whown here are only
as inaicators of how much is the outnut by the Mwethya
grouy members. Individual unskilled workers ask to be
paid Keb, 2 por avur for similar job. Assuming 4 months
of Mwethya group activity per year, ite shilling wvalue

in Macbakos ig 1.20 x 4 x 7.2 x 106 shs. 36 per year.

GULLY EROSION

The Universal soil loss eqguation already discussed
attenpts to predict svlash, shecet and rill erosion from
arable land, bui dees rot consider the gully erosion,
strecmbank crosicn or erowsion from nen-arable lznd within
the cavchment,

Gully evosion which comes afier sheet and rill
erosicn oceurs in throoe ways.

i, vaere rovofls of o clope incroasces snfficiently in
volume v velovity to eut deep incisious (FAD No.7
8L Tome J069)

ii, vhere concentrated water flows long enouzh in the
same channel to dovelop deep incisions .

iii,  they wmoy Zevelon in uncheckod rills or they may
dgevelop i natursl depressions of the laud surfacs
where »inofi water accumulates.

Al1l these conditions appear in the study areas.

Tne gullies found in Eastern study area are a
mixture of V and U shaved. Their shapes depending Iargclvr
on the resistance of the subsoil on which they occur. The
depths are wlzo varied ranging Trom one metre to 6nm. deep.
The width of gullies also vary. The larger widths ranging
from a fcw metres to about 15m. wide. The lengceh of the
gullics are variable denendent on the slope and also
whether the gullies ave wearing backwards un the slope.

Table 18 presents ithe curreant staius of the soil
erosion in the two study ureas. All the forms arc grouped
together in these tables.

The s0il mappinj; unils were categorised as follows:

No erosion

Sahect ercosion alone

Sheet and rill erosion

Sheet, rill and gully erosion

DO
Ot -
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THABLE 18

Machnkos,

Witui

and

£C0, Zone

Manping Unit

Soil cvosion
rating

11

HQL/EF

0 -
.'.,3,‘11

Shoet; rill,

11 Nl DE 434 4 Siight sheet
11 MQy/DF 10524 5 gmllies
I Uy /iC 093 3 Shoat
Tolnl 175359
111 litlq /DE 3500 2 sheat
111 NG /EF 15948 5 sully
111 MPr/LF igild 2 - 4 slhiect - gullics
1Tt Q! /DF 16230 2 to 3 sheet
1t M2 /DF 17925 4 -5 aully
I3 Ury/BC ).650 0 0
JII Cra/BC 4970 ] shoe
I’ Ulri/BC 23210 1 sheet
111 UMy, /EC 22031 3 shizel
IT: Geie ) /BC 1639 2 sheet
115 | U1/2C 4600 2 sheot & pill
1L tuy/ec 7.45 3 Sient & opili
1l I Uliy/C g 3 sheet & rill
i1l Ve B 2011 2 2t i
VI 1M, /CD 17C0 24
i1t . G, /BC 1658 4
Totdl ' i [ 30268

(v !' 250 Ao d sheot &ograliy
1% L0570 2 -4 v shieas ity
v i /aw 82626 2. d iosten Ty
1v LID/A 24 0 i
v LiC/ A3 2268 b [ shect
Ly Rn/TG E004),. 2o shaot & gully
v A o 081 3 2 -3 Shest 2 iy
1w MG/ DE 8ATd 5 severe mully
1 PEC/AB 21804 2 shael & riil
iv Ple/AR . 278D 0 0
v | urg/ap 351.0 0 0
Y | uraszac 1150 0 -
v UEry/RC 2755 3 - i)}
I Ulrs/PC anen 4.3 sheot
IV ui'e,/C 1655 2 g PILLE - pudiias
v U, /AR 1552 1L -2 oo
v L UFrg /iC 709 2-3 shoot ~ piids
1Ay Uty /i G5 0 0
v v Ulr_/no 1208 0 0
v 1 ULl /an 5569 0 _ 0
1v I ¥ .";‘T/f‘. £ 3172 1 .. 2 sheat
v ) 51879 S shoat
v ; 850 2 -3 shect - vill
Ly iy MU0 12043 2.3 shoot = will
1V Coir. /10 2a017Y 2 -3 ; - rill
v v, e 17123 | 1 -2
v UG, /C 1245 | ) I
v LAY 62 1 -2
v 19, /2C 3416 1 -2
v Uy /EC 22244 0 o
v Udl,/BC 3232 1 - shoet

[ 3% ysC 404 2 -3 shect & il



Table 18 continued

ECO,

Zone

Mapping Unit

Suil erorioun
rating

Type

uu, /<D
Uuz/Bs
. /¢
ULl /AR
UUCL /AR
v /ec
100y /DR
vUC,/aC
UU\ﬂfC
UF"

9any

-3

sheet & rill

v Jhy/n;
v 1Ky, /D7)
v By .
v IonYL/an |

. TG
\ !' 1.[.), F ! 7L1D l

W /0G
QT
DY/

NP

PIC/AR
WIS/
Vrh/nt
U d/AC
Ul /10
Qirs/f,
L”PE/L“
Ury., /0
Uirs/C
Ul , /CL
ULL/D
uwvl/rc
ul‘ /f‘
{Nr,/BD
UGy /A
UG /i
U2, /€D
U'..-._‘B/AB
\Usiyidle
uQ.,/Cb
UQ, B
) U’_’l/'l"B
Utiy /I2C
uu, /C
JUDZA
b, /L2
LU, /C
T, /CD
UUJ/sf
'.'Ua/L
Uy 7T
Uuq, Dy
vuc, /28
UUC, /EC

WUC, AC

11002
10666
T
ROV,
530652
a2y
G773
JI8G2
T&E3
1155
J.GUNI0
11750
10900
156515
1551
$4003
220¢
7886
00G8
20606
482
9154
1007
3627
254
TA52
OSJ .,lJ
‘70’/ z,

[y !

-~
Sl N}
D

~ A
N
[ I vy)
oW =3

2a D D W
O N
1 =) O
Vo O

3%

o D
- Co

[sc N

LEAN RN

<
IS U B )
LN BN
a0

1N

N to O

[T §

2o

N

N

[\CI AC I

[\&

(SO G I i

o e e

DU DPDLODLLWWHR K -

H
= U o

.. -‘

- -
- 0
|

1
N
-3

- 3

2
o
. 2
0
-3
~ 3
- 5

!
-
o=

- N
&
n

- a4 X
~

- o

- 3

1
oL

: t t
B Dl D DWW WMo N

H
[ NS N

2
277 S~ 4 sheect & (rully
1862 3 -4 csheet & pully
HENRY 2 -3 sheet & rill
G7ud8 2 -3 sheel & rill
376 ] - 2 sheet & rill
7701 2 -4 ehoct & rill
a0y 2 - 4 sheet & orilil
6251 2 - 14 gheet & oriil
220495 2 -5 sheot rill & guil
12000 2 -8 ahiorl rili & g
402760 ! S
| - llo -~ erasion

sheet « gully
sheet & gully
fogally

RN

sSneet

shed
O @rLuion
shecl & pully

i il

ey
sheet & rill
&
& orill
V)
sheet &
sheet & 2100
qully
sheet & rill
gully
sheet
chect
sheeir - rill
shectl~rill
shecgt
shect-gully
cshecet
sheet
sheet
sheet
cheet &
G

cheet

rill

shkeet

sheet & rill
sheet

sheet & rili
sheet

shecot

shezet & zully
sheet & puiiy
shcat & ridl
sheetl % rill



Table 18 continued

Eco.Zone Mapping Unit Hectares Soil Erosion Tyye
e - 1"1“,111;_‘_,

sheet & rill
shect & 11ill
sheet & riil
shect & rill
gheet,rill & gully

UUC, /AB - 2208
uuCs/BC 10559
uucy/C 8266
UuC, /N 90115
VXV/BE. 5010

< gg <

(SIS IR
i

(SN VI L 1NN

v Total 1290935 - e e
i PIb/A 750070 T o crosiod T
VJ, PI“]]/A -45,1’8_1. 9 . 3 Sh(}eL > F);_!]y
i uu, /3C 1561 2 - 3 sheet & ridl

Vi TOTAL 30064

TOTAL ALL ZONLS 1,837,800

The Kenya Soil Survey System of raling for ccoil ercsicn
was followed when calegorising the erodoed areas in the
particuiar mopning unils., Tho nprens Areoshown in the man,
The gullicd aircas raquire gu]ly treatmont. Parts of Baringe/
Kevio Vaiioy where gullying bhos  advancod has prodaeead
another shune of Llandscane on which farm machinery wili Lo
difficult o use.

Notional effort iv required for contrelling the gullio
in addition to individual clfforis, sinco gully control is
onc of the most costly of all C]ObJOH control messures. I
is however never too late to do something,

The proehlems of overgrazing have boon alrcady mentioned,
mainly in relztion to sheet and »il] erosion. I a catcinaent
gets a reduction in the dc,u ity of vegztation throuph
overgrazing thon the vunoff waicy gRIus an increased  velocity
with the »isl of Beginning pully erosion. This ju the cage
of Daringo study arce as hag alreaay beon mentioned.

Tables 18and 20 show  1the exlent of gully erosion hazaid
in Machakos, Kitui, Embu, Baringo and Xerio Vallcey areas.
The soil mapping units have boon grouped together and their
hectarage caleculated, A toiol of 467,686 ha., is pullicd in
Machakos, Kitui and Fmbu aren. Thic representys 25,45% of
the whole arca. I{ means that 257 of the area is in need of
gully treatment measurcs. In Laz_unu and Kerio Valley, the
gullied area is 275,691 ha. whicl, is 55% of the whole area
requiring gully Lrﬁ"ment measures,
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TABLE 19

GULLY F“OSION IN_MACHAKOS, KITUY AND LBMBU AREA

Manping Unit

HQb /1T
MQ2/DY
HQb /BT
MBI /D
MQ2/DF
uuC?
TNyl /DR
HRr2 /DR
HQD /ET
MNT /DG
MQY /DN
MO2 /0w
UF2/C
UU3/BC
EYLe:
YS/CD
VEC/BF

7‘;,.111

Hive e JOF,
HOY 71w
M /T
RO% DT
PRy /A

O /60
REVATS
VUs /o

VEC /L1

TOTLL

TALETL 0

Area in ha.

1,200
10,522
15,948

1,614
17,995

1,700

250
10,370
32,686
55,962

9,813

6,415

1,055

3,727

1,892
32,045
13,002
14,9G8

5,189
39,266

S 11,992

10,869

135,847
20,606
2,173

4,473
5,610

d¢7 656

GULLY BROSION IN BARINGO 4ND KERIO VALLEY ARFA

MY/ TF
¥ /RD
MIb/EE
AXT

AX2

LII’/AB
Uib/BC

TOTAL

15,8153
59,125
23,813
42,063
44,063
11,938
78,876

275,691
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Rural Water Supplies and Water Conservation

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 estimated that only 13%
of the rural population is served by water supplies of vary-
ing degree of service. The M.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 1978 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 npeople served by water is about
88,760, 42,900 and 10,290 respectively for the three areas,
i.e, that there is a2 potable water supply within 5 km.

Since the RWS program was started in 1970 Machakos and
Kitui have had 5 projects and 3 projects completed respect-
ively i.e. a population of about 10,000 Ffor Machukos and
4,000 for Kitui. In Fmbu, the special Rural Development
Program (ERDP) has constructed two projects, wna and Ishiara
and the estimatcd population served by these projecis is
about 3,500 pcople.

The next RWS program IV estimates the number of peonle to
benefit in the study area as around 40,000 and 10,000 for
Machakos and Kitui areas respectively. No projects bave been
approved for Imbu district, within the study arez.

The MUWS program which started in 1974 includéd the con-
struction of 42 water supplies in the minor urban arcas of the
country. These urban arcas have no water supplies at present
or the water supplies currentliy in operation are inadequate
and below the required standards. The objective of the
program is to provide to these growing urban arecas water of
the required standards.

In the project area, the urban centres covered by the
project's first phase are Kitui, Machakos, Kangundo-'i'ala and
Mwingi. The first phasc 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 thercecfore be delayed for some
further 4 years or morec.

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 Hamud, 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 of the
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century for the rural water supply will never be realised
through the RWS program only. Howaver, this has been realised
and self help projects aided hy DDC and other organizations
e.g. CARL, Missionaries and Donor agencies has done a lot
towards meeting this target. Their programs are directed
toward assisting self help nrojects.

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

The idea of pipecd water appcears to hec the accepted fashion
of any water supplices within the rural population and the
tendency is to shun any other form of water development. But
extensive water projects take years to plan and implement and
small projecis based on roof catchments, dams, subsurface
damsg, rock catchments and development of springs should be
emphasised. There are some guite successful small projects
in the study srea e,g the Ngomeni and Yambyu rock catchments
(Kitui), the Xerie (Kiangombe hills, Lmbvu), and Kiteta
(Mbooni - iiachalzos) water supplies based from springs.

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

The lola-Yanduwne springs in Nuu location Kitni district
could serve o userul purpogse if they were developed.

Vater Conscrvation
area of the three o icts. The lack of permancent rivers

and the unceliability of the ground water resources necessi-
tates the nced to conserve water.

3

This is undoubtedly the highest priority need in the study
sty
t

Though Fmbu district has quite a2 number of permanent
river e.g. Enz, Thuchi, Rupingazi, Kapingazi and Tana, the
study area is quite like Machakos and Kitui, the rivers heing
quite remote and would reqguire a lot ol financial inputs for
the area 1o bencefit from these rivers.

Water conservaiion, in the form of construction of large
surface drms, water holes etc., has been geing on since the
ALDEV period and slse through the dams copnstruction units of
MOVD the soil conservetion service, HOA and the National
Youth 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 hrcken down or washed
awvay. The rest which are remaining are reckoned to have
their capacities rcduced by 50% each year through sitting.
Studies made on sediments carried by streams (Dunno 1974,
MOWD. Publication) indicate hgavy suspended sediment loads
of the order of 600 tonncs/Km“ for Embu, Machakos and Kitui.
This figurc is only approximate and the magnitude of the
bedload has not been indicated.

The Kalundu Dam in Kitui district; built in 1958 and
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completely silted up in 1974 1ndlcates an average yield of
sediments of ahout 733 tonnes/Km Anotlier dam is Machakos
Maruba dam indicates sediment ylelds twice that of Kalundu.

Water conservation in Embu district was not intensified
as in the other two study areas, but the need to conscrve
water within the project area 15 as 1mportant 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 iz un-
doubtedly building up.

Water conservation should be carried on a watershed/
catchment basis starting at the top. This should hot be
carried out in isolation but other activities as well e.g.
controlicd livestock grazing, reseeding of pastures, soil
conservation, afforestation etc. should precede or run con-
currently with water conservatlion. 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 watexr
harvesting.
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Irrigation and Drainage

The topography in the Fmbu-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 toc steep for successful irrigation except
by over-head methods. It would require conals of consider-
able length to distribute the water in many of the aveas.
There are a fow areas where the topography is suitable for
irrigation development, and investigations should be made
regarding the availability of a water supply for these.

The water supply is limited in the arca, 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 usc.

With the exception of a few potential sites which will
be mentioned latecr, the major irrigation potential is the usc
of water on emall projects, svch as the irrigation of a few
hectares or that of a smalil garden plot or even a single fruit
tree.  Development of these small projects will require
extension personnel who can assist individual farmers cr small
groups of fariners to plan and develop the water supnly as
well as assistance in principles of water application to the
land to be able to obtiain cptimum production inercasc with
the limitcd smount of avsilable water. Ixtension workers with
expertise in water developuent and irrigetion practices arc
not avaitable., Too often an irrvigation project {ails boecause
the water uvser is not trained in proper watcer application.

Congiderable research and investigation is necessary to
determine best methods of water use under existing climatic,
scil, and crop conditions in a given location. Lven where
large projects are possible, the Ffirst vhase chould be on a
small scale o that hest methodsz of water application are
determinca esrly to avoid mistakes as the development of the
project progresses.,

Small Projects

The greatest benefit of irrigation in most of the study
area can be obtained frem a very large number of small pro-~
Jjects, developed generally on an individual farm or a small
drainage basin, First efforts should be to increase the
infiltration rate. By doing this more of the precipitation
will be available for usc by the plants., With this accomp-
lished, the plants will producce better and more regularly if
irrigation is not available and where it is used less water
will nezd to be applied by irrigation.

In soil and water monagement it is necegsary to keep as
much of the water where it falls as is practical., To accom-
plish this, small storage facilities need to be built near
the head of the catchment basins. Planning and design of
these storage units should be such that the water when need-
ded can be utilized for irrigation. The cmptying of the
storage facility by spreading the water on the land makes it
possible to store a larger percentage of the next rainstorm.
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Utilization of the small storage facilities, including the
soil reservoir, on all portions of a catchment area will
greatly reduce the peak flood flows and tend .to cause 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 bereficial in increasing crop
production.

Use of Runoff Water

Using runoff water to produce crops on lands which receive
as little as 100 mm annual precinitation has been practiced
for more than 3000 vears. Ancient farmers in the Middlie
East 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 desert
regions. Using runoff water by methods similar to that men-
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 completc crop failure. Chief Wilson of the
Kateta Location in Machakos District has a grove of approxi-
mate 1200 orange “vees. Moisture from natural precipitation
is generally 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 arcund each
of these trees so that the water from the fringe arcas is
directed to an area occupied by the tree roots. Iasins 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 1last year and the water harvesting is just
beginning, it has been impossible to obhserve results from
this project. It would seem, however, that nothing but good
results can come from this type of activity. This system
could be used on anyv number of trees. Again it is mentioned
that flood flow peaks arc reduced. Soijl crosion is reduced
to a minimum, and additional water is made available to the
trees probablv increasing production.

By dividing watersheds into small catchment arcas which
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. 1If the Tields were prepared
with channels and terrzces to dircct the water uniformly over
the fields, an irrigation would be accomplished with each
rainstorm. A ecareful design would be required for this type
of system to prevent excessive runoff and erosion from storms
of high intensity,
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Another system is where flood waters are deliberately
diverted from their natural channel and spread over adjacent
flood plains or detained in small dams for later use “n
irrigation. Again a careful design and layout are necessary
to prevent damage by flood waturs.

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

Runoff agricultur~ requires a deep soil that can store
considerable water between rains. It will work best for deep-
rooted crops such as trees and shrubs which extend their roots
into a larger volun > of scil so they are less dependent on
frequent rainfall. As modern cxperience is limited in irri-
gation from runoff areas as mentioned, it is necessary that
considerable research and investigatici. he made to determine
the extent of these practices. Specific site prerequisites
are nccessary to be able ic practice irrigation by these
runoff methods. Investigation needs to be done by persons
experieneced in this to determine suitable locations. Iin many
cases the farmer could develon his own runoff scheme with
assistance from those with experience.

Ishiara Scheme et

In Frbu District necar the town of iIshiara there is an
irrigaticn scheme ohtaining water from the Thuchi river.
This scheme was initiated in the early 50's by the African
Land Developiment Program (ALDEVY, . This scheme was success-—
fully operaltcd for several years. The scheme consists of a
total of 2& ha and cach farmer has 0.8 ha for cultivatio:.
With political change in the early sixties, the running of
the scheme was transferred to the Embu County Council. The
County Council or the agricultural extension staff did not have
the technical and managerial comvetence for operation of the
scheme., Tn 1968, the idinistry 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 growa downhill recently. The scheme
was visited in February 1978. Very little of the area had
croovs growing which were adeguately cared for. Much of the
area has becn planted, but arvarently nothing had becn done
with the land siunce planting. The techinical assistant who
is in charge of the schem=, reported that only 10 of the 37
settlers on the scheme were taking care of their crops. It
was further revorted that the location chief gave no help or
encouragement to the scheme, The Technical Assistant stated
that he has no power and cannot control the managcment. The
farmers will not clean nor mzintain the canal. The farmers
dn not pay for the use of ihe water or the land, nnd apparently
do not think they have an economic stake in the success of this
sysien,

Water is being misused. An appnroximation of the amount
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of water flowis into the canal at the head was made. With
normal. seepage anu ~.nal losses there should have been
sufficient to irrigate ar orea 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 likelv
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 irrvigable land available
for such expansion.

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

Before this or any other irrigation scheme is devecloped,
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 expense to the
country. There is no advantage to spend large amounts of
capital to develop schemes of this type.

Eastern Kicui Potential

Near the eastern boundry of our study area in Kitui there
are large areas of irrigable land, possiblv as much as
100,000 hectares. The =£o0il is suitable. The tonography is
right for irrigation. If water is available, extensive
irriration development could be accomplished in this area.
The principal rivers in ihis area ave the Ikoo and the Tiuza.
The Ministry of Water Development reports that they have no
records of streamflow quantities on either of these rivers.
If there are suitable sites for dams and storagce veservoir
on thesc streams, the arca 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 arcas, a iew
hectares, to conduct research investigations to determine
suitability of different crops, cropping patierns, amount
of water necessary, cconomics, and others.

Other Projects

Work has begun cn 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 rescrvoirs
for water storage being 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
development. Although it has been stated that irrisation
cannot be an important factor in agriculture in Kenya, it is

important that all the water which is available for this be
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determined and developed. It has becen state” nat a better
living can be provided for a family Irom [ hectares of
irrigated land than from 200 hectare< <. rough pasture in

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 noitential
evaportranspiration by multiplying by 0.8 and subtracting from
this value the dependable precipitation, usually at the 75%
probanilily level, An example of this is shown in Table 3
of the Apnendix for the Ishicra scheme., Duringthe early phase
of develooment, an education and training pregram should he
part of i1he nrogiram, The number of projects necessary jin soil
and water mansgement requires skilled manpower far greater
than is available in Kenya, both in numbers and level of
training. In the three stages of an irrvigution project, the
plannine, construection, ond operolios, the first two may he
done by expatriactes or international contractors, hul the
operaticn phase of a project is bhozi handled by local staff,
Expatriote staifi are not desirable during this vhase for
several reasons.  They are difficulft to oblain in suvilficient
numbheors. It may be difficult to zet nersoninel who will live
in the project arcas. They may o unavailable durine tLimes
of inlcennvionul crisis, or their prasence way discourace the
training wnd promotion ol lJocal pursouncl., If loeal suelf
vere byvounht onto the project al Lhoe boginning of the planning
and dowivn stage, they could be Linined somewhat in theo
tecimicul aspects of operation of levigation svstems,  This
would reduce the dependence on esputriate perseonnel.,

The training should be at all levels, technicians, eongin-
cers, nanafgers, eote,  Some who have had fovinnl acadoemic train-
ing could gel on-ine~job training by working with tirained
perscnnel on the nrojsct, Other:s whe need more academic {rain-
ing beyond thot avsilable in FKenya could be given scholarships
for additionsl overscas training. Training of local nersonnel
is one ¢f bthe most importanl aspects of projecis in any phase
of s0il and watcr smanagement.
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SOIL AND WATER MANAGEMENT
Baringo-Kerio Valley

" Location of Study Area

The Baringo-Kerio Valley cfudv area’ 1s bounded by 0°15¢
and 0°45 'north latitude and 35°30' and 36° 15! east longitude.
This includes all or part of 12 Torations in the Baringo
District, and 2 locations and part of another in the Keriyo-
Maraquet District. The District headquartces are at Kabharnet
for Baringo and at Iten for Kerivo-Maraguct. The main
populations centers for these districts are at Marigat and
Tamback respectively.

Clinatology and Hydrology

There is only one meteorological station in this study
area and only seven raingauge stalions with a reccrd of more
than three vears. Several raingauge stations were establishoed
recently and rocords of three yenrs were ohtained from the
metecorological departrment. Records of the other seven stations
werc also obtained from them.

The Tugen Hills go throuch the west centiral portion of the
stud area. They have an elevaiion which vises Lo mose than
2500 meters. Vest of these hills is the Kerio VW11“V with
the clevation drops to helow 1000 meters at Lake Eaving 0.
Temneratures at the Marvigat MLLGOIO'OthﬂJ stotion arc ropor'
ed to have a mean maximum of 33.7°C in February and 30.4%C +n
July for hngh and low maxinmums.  The mezn minimum varied from
a low of 15.9°C in sepnltanber to o high of 18,0°C in Ay»rii.

The temperatures al the higher clevations would be bholow these
amcunts:  Reporuved relative humidity at this same station
varied fiom 65% o 53% atl 0900 and from 4297 to 20% at 1500,

The mean annual evaporation from a type A pan was 2576 mm
with a mean of 248 wm in March, being the highest monthly mean
and 189 mm in July tor the lowest monthly mean,

The rainfall varies with the elevation. The mean annual
at Perkerrairrigation near Take Daringo being 663 mm and the
mean annual at Katimoke Forest Station 1503 mm.

The precipitation in Baringo-Kerio Valley is mostly from
April to August, with January and February being the driest
months.

Surface Water

There are several perennial streams in the study area,
Perkerra, Molo, Sandai, Kerio, and Ol Arable., There may be
others, but thor arc no gauging statiecns reported on any of
the others so there is no record of them. The Perkerra and
Molo flow into Lake Baringo. The Sandai flows into Lake
Begoria, while the Kerio flows beyond the study area into

Lake Turkana. Quantities ofFf flow for these streams are report-
ed in Table
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Lake Baringo is in the northeast vwortion of the studv
area and Lake Begoria, a salt water lake is in the southwest.
Part of this lake is outside of the study area.. Belween
these two lakes iz a series of swamps which very likely at
one time was a Tresh water lake, connecting Lake Baringo
and Lake Begoria, making only one laree Lake in the area.
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SOIL CONSERVATION IN
BARINGO - KERIO VALLEY STUDY AREA

Soil Conservation mcasures are needed to ensure
that land is utilized sufficiently to produce some
food for the inhabitants of a given area. Baringo and
Kerio Valley in the Rift Valley can he manraged such that
land produces enough for the local inhabitants. This
review is to present in outline what is happening to Baringo
and Kerio Valley related to soil management and conservation,

The Soil Conservation Situation in Baringo:

According to latest reports from the District
headquartcers, Baringo District enjoyed some financial

“help from the distvict develovment committee to carvy

on some soil conservation work from 1974 to 1975. There

are no records to indicate how much terracing or other

conservaltion works were undertaken. Ilowever, ierraces

were measurcd out and constructed to conserve the soil.

Water holes were also dug. The constructicn wori 5n 19785 vas

donc by thie soil conservation scrvice, Nakuru which

releascd thoe machinery for construction of water holes.

Nakuru soil conservation service rendevs paid sssistanco

to Tavmers, institutions and to Goverament bodiog requiring

their service, but thoey are not expectiod Lo continue

working any where unless an assurance of payhient dor
1 1875 to 1976 (onc handsycd and

rr

sorvices 1o mode., Tro AU
water holos were constructed in Southern divicion where
the farmers have title deeds.  The figures below present
what was done,

Total - (measured laid out) -- tTerrsces

1975 1974
46,713.46 m, 27,242.76 m.
i.e. about 47 km. about 28 km.

These figures suggest very low output for a district
with severc crosion. Tt should be noted thut {he figures
presented represent high potential arcas of the district
with remarkable neglect in the grazing area towards the
castern side and the lake region.

In s0il conscrvation as in other related
agricultural practices, a stock uniti is an animal whosoe
weight is 1000 1b. i.e. 454.5 kg. live weight., 14 then,
we have in range arcas goats weighing an average of 200 1bs,
(90.7 kg.) each, it would follow that 5 ffoats 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, thercfore, would be effective after
realization of the recommendations on revegetation and
resceding programmes contained in the livestock report
which is dcaling with the carrving capacity of the laud.
Animal owncrship of unwvroductive animals for prestige on
the land should be discouraged through the chioefls mecetings,
The DDC members should also be involved in this campaign.
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The Geographical Zones in Baringo:-

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

The Low Zone: 1Is characterized by an altitude ranging from
914 m. to 1324 m. above the sca level.

The rainfall ranges from 5068 rm. 1o 762.0 mm. and therefor:

in the region of semi arid land. The area is also the seat

of Loke Raringo, Perkerr: Jrrigation Scheme and half of

Lake Boporia with its hot springs.  North of ILake Baringo

the arcea is hot and rocky and thorn bushes are predominately

the natural vegetation. This area is suitable for properly

managed large grazing vlocks. There is remarkable soil and

water loss in the nosth thiet can be roedied by incorporating

proper water and land management. DProper stocking rate can

be attaired in this region by adopting methods recomaended

by the livestock section of this renort. All the oxcessive

bulls should be sold cor slaughtered. All the barren females

should wlso be removed and now grazing methods introducod

al once, To aveid raw eorcding areax Trom expanding the cattle

dips should be suificientiy distributed. Rew eroding arcus

Are also dikely 1o acvelon from watering points. Thewv

should bo evenly distributed in this northers part, hurosion

around Minrigat which neighbours the Perkerra ITvrisavion

soeheme So dicastrovs,  Here, the concontracion of povulation

living nwevmonently in iho same land exer’s cons tinlly hieavy

pressurce.  Notutionald praving by fencing olfl the bLudly

croued areas and alloving them to rotura to netinrasel

vegetation cover scems o be the beut solutioa.  The Provincial

adminisivation and the acriculturnl stafl Leeog ot devipat

can oenser e that larnd usase rules wre adhiered (0 e ound Lhis

acea,  The low sone is also well watoered from 1he higy wone

and this could account for the extent of eromion ir Lids area.

Photos 1-4 show hew coresior has taken nlace arouna Sabor

on the Chemosut wiver valloy., The aninals ore Vi Dty

> .

here and devour anything thal tcends to growvia, A rosgh estimate
et the ervosion hazard indicates that 56% of tho renne land
(8,612 sqg.km.) is badly croded. AYL Torms of GLONINn ure
present, sheet rill and gully. Thirty six pvereent of ihis
area reqguirex rehapbilitation.  7The grazing land bos boen
categporincd as follows: -

(1) High potential vange land which cccunies &% of the total
grazing land. This msy also be found in the Xerio Valiey.
There is usually no soil crosion in this area excent where land
is opencd up for cotton growing as is the case of Xerio Valley.
Here erosion 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 populaticon
iz high and the area is level. The erosion is minimal.
During the last 10 years the Tugens who practice shifting
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agriculture have caused the deterioration of this land.
With careful management this area can support most of
agricultural pnractices. There are a few conservation
structures that arc required if proper management of land
is to be practised.

(3) Churo Arcea (Norith East of study area)

This is a very high potential grazing land, the
people want to divide this land into small apricultural
units. There is very little erosion in this area because
of the vast vegetative cover. The arca adjoins with the
study area to the north east. Tangulbei region is in the
study area. The Tangulpbei Dam built by ALDLEV does not
dry up for long periods. The water is clear, in this dam
an indication ol gcod ground cover Lrom the catclment.

Near the Tangulbei dam is a bore hole whose information

is contained in the water cection in the report. The
grazing oarca in Baringo is 8,612 sa. km. and 36% of this
area is basically occupying east Pokot Land, There arve

two locatiors, Tiricho location and jtibkwo Jocation which
arc outside the novihern study boundary, Morosi location was
locked into and it was concluded that it is good for
rehabilitation. There is absence of soriouvs crosion but

fe a measure to rceduee runolf, wasture imrrows con bhe
construcied where runolf scceins to ke hinh. Posture furrows
arce open drains which follow the conteaclt and vhich are
close tegether. They are good for couserving the weter

Fig. &

~ e e W P L
il ‘ BTTE ST e v kpaurere e san e wmae oy + s I('“
t
\\ -
1. . . . e “
——— } e s
v T e
DIAGRAM OF PASTUMY FURLOW DRAINS bl

This system of water conservation can then be
followed by rescceding programmcs. This conservation
practisce is alrcady being nractised successfully in Turkana
district, whose conditicns are close to those in Baringo.
Grass cover establishes well from the conserved moisture.

3.3,.2.2 Yedium Zone:

One ascends from low xzone to the west of the Lake to
what is a plateau with nearly level slopes 1-5%. Most of
the top so0il has been washed away leaving the fortility
very low., This area requires rehabilitation. Where the
ground changes in topography there is serious crosion. The
rainfall is about 762 mm. getting higher as one goes west
reaching a maximum of 1016 mnm.
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The slope changes with the climb from 5-12%

and the agriculturzl nractise is mainly grazing (see

photo 2 with goats at the backzrourd around Sabor urea) .
This area should be the principval focus for erosion and
denudation rchabilitation. It is the area from which

the sedimentary mzitcrials are transported to tho low land
and eventual silting of Lake Baringo. Along the gullies
the water table is very low (see the ground water section).

The Highlands:-~

Kabarnet the headquarters of Bariugo district is
situated on this land. It is high (1829-2741m.above
sea level) with remiants of indigenous forests. The
rainfall is 1016 - 1270 mm. per year. Large areas have
been opencd up fer arable agriculture and grazing is also
practised. The MDC funds have been concentrated in this
part and several soil conzervation siructures have been
built. On the arcas where ALDEV had done some work, the

Dhench terrsces have stoabilized. Tt was however observed

that a cut off drain waz being constructed where there
wvas no need,  Cul orf drains should be ceonstrucied only
after caveiul investipation has been cuarried out. The
combaulment weterial ,hbuJQ not allow scepage vhich
mey eventuelly break the walls ol the embankment in time
of a hirh storm,  The cul el f drain should be visited
regiuloerly Lo see its effectiveness.,  Poorly constructed

drains are more disosircus than when the tand is left
Larve, In the case of this varticular eut off drain, the
B00ls hoelow I-al sinhilized boecotse the ALDEV toerwaces had

Siobilized yni the fameers had been harvestiug raoize crops
from the torvaces. The banhs were stebilized wiith the
milkfyu gress (pennisctum cla ndet*um) vhich docs very well
in this highland ropion of Paringe District., The lcoeal
inhabitantvs arc the Tugen Lrll)canon and they huove had their

land adjudicaoted.

This accounts for the careful usage of the land
found in this arca. Some comments on the impace of land
adjudication 1o 30il conservation and land use wrv made
in the aarlicr repcrt {(midpoint review p, 4-37). These
comments ave favouvably fit for Machalos, Kitui ond Embuv
grcas., Daringe ig dificrent because 11:0 Gthpic geoup 18
aieo differvent (sce report No.6,"ilwnan Resources and
Social Characteristice”.) The principles behind lund
adjudication and itls impoct on the land use are the same
for all the arveas. The Tujgen hills however, proeusents the
viszitor with the qualities of proper land use cuhanced by
Jand ownership.

Soil Drosion Situatiorn.

The areas discussed in the preceding waregraphs
have each their sharc of ernsion problem. One area on the
way between the main road to Lake Baringo and Kabarnet
was carefully looked at. Some at the local inhabitants
believe that the severe ernsion hanpens due to the will of
God. It is God who brings rain ond that rain washes down
the soil. Soil erosion on the road to Sabor 9-15% slope
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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 order that the ra*ional use of land
resource may be regulated and the preseat 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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Rural Water Supplies and Water Conservation

Rural Water Supplies

The existing water supply projects of the study areé

within the district are all located on the high potential

areas i.e. either on areas around the Tugen hills or around
the Keiyo Marakwet 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 Karvanet 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
wvhere 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
prorosed in the next phase of the MUWS program.

The sell 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 arezs
probably due to the semi-nomadic nature of the people.

Table 21 Proposed Rural Water Supplies: Baringo Distrint
Project POP Water demand] Source Estimated
Name and District 1977 M2/Day Cost. K.Shs.
Ratat 1200. 40m3 Pekerra | 1.2 million
River

Chepsigot-

Biretwo Torole

(Keiyo/Marakwet 6500 260 River 4 million

Lekwa (Keiyo 9

Marakwet 2000 80m Spring l.2million

Kapkong

Tenges-Sacho

(Baringo) 1500 - 60 Springs [2.5million

Kabluk 4500 ' Springs

Karmp i 82 ! Scurce not s
ampiyva a i coriirveqr1l.2million



Soil Erosion caused by overgrazing in the Lake Baringo Area



3.4.2 Water Conseryation

Very little has been going on in the past to conserve
water. The soil conservation unit, MOA 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 (MOWD) 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 suitabhle for irrigation
and at present, the lake is being drained intc 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 watcr from the river.
Reports made earlicr had made recommendations for damming the
Pekerra cotchment is badly eroded and is continuving to be
eroded such that any dams constructed would soon silt up or
be washed away. Other rivers like the Ndau and the Molo could
be regulated to make water available throughout the year. The
Lake Baringo lowlands (Njemps flats) arc highly suitable for
irrigation, and water from these rivers would scrve a useful
purpose.

Water from Lake Baringo is dubious as to its use for irri-
gation as the quality oif the water is deteriorating snd its
existence threatcenced. Continued deposition of silt inte the
lake results in the lake getting shallower and thus increasing
the rate of evaporation. Tor the lake to survive and for any
success to any waler conservation projects within the area,
the soils neced to be stabilized first by controlled grazing,
resceding of pastures, proper tillage practices and afforest-
ation. In some of the eplemeral stireams like the Ndau, sub-
surface dams and weirs should be consiructed where conditions
permit. The various springs emerging Lrom the Tugen hills and
Keiyo escarpment should be protected and water supplices
developed Irom these springs.



Irrigation and Drainage

There are several irrigation schemes in this area. As
early as 1883 a report (ALDEV 1967) was made ~f Njemps irrd-
gation <ystems neer Marigat based on the use of water from
the Perkerra River The river changed its course by 1918
and the lrrlgarjon was discontinuced. 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 Leboi and the Sandai to the north and west of
Lake Rogoria. The latter two are relatively small, but have
been in cxistance Tor some time. On the northwest side of
Lake Baringo there is a private irrigation projecct of about
10 hectares. Water for this project is pummed from Lake
Baringo, and part of the area is irrigated by the trickle
method, The »roject is moved to a new location everv two
or three years because of salt accuwnulation in the soil. At
the time the projeet was visited thore seemed to be very small
amounts of water apyplied, especially where trickle irrigation
was uscd. This would encoursge accuwnulaticn of salts within
the root zone-of.the so0il. Larger anplications of water would
leach the salts bhelow Lhe root zone, and with propev leaching
and drainage, irvrication could probably be accomplishad
centinuously. The situation does indicale, howeve , that the
lake water contading largc amounts ol salt, and if this waler
is used for dyricociion 1t should be investigated Lo doetermine
ihe amovni of lesching and drainsge which would bo necessary
to continue an irvigation program indefinitely in the same
area,

Members of the study team attended a meeting beld at
Rabarnet on Febuuary 23, 1078 where the possibiiice of several
irvigatron nrojects ware diecussed.  Drovinges o coraceitural
and development oificers were there, 2s well as wony Wistrict
citicers from tho Baringo and Keriyo- arsquen Dictuoicus,
Represcntatives woere also there from Ministrv of Vanter
Develaament, Miniztry of Agvieculturc, and Kenya Soil Survey
in Naivolzi. Boversl proposcd proxac,u ware wvresernied by
M, Mesny of the Trvigaticn Departrucnt of the Minzzory of
Water Develommest. The feovibility of these preucsials was
disrugsed by Lhe groun, and the potentinl for seversi mediwn-
sizcd projects in ihe area appears to be good.

I8
M

Irrigation Potential in BDaringo-Kerio Valley

Severnl sites in the Baringo-Kerio Valley arca have
poteniial for irrcigation development. None of these would
be larpgc projects, bui there anpears to bhe mood scil and weter
available. These sites should be further investigated., A
bricf descrintion and locutiocn of thcn is given below.

sSandai River--Tn an area bcounded by tho ﬁosages Range
on the east, Lake Bogoriu on the south and the Rogite Itange
to the west, there iz a large tract of irrlgnhle land., It
would be possible Lo irrigate portions of this area with water
from the Sandai river. The river flows into the Kisihor swamp
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which drains into Lake Begoria. It has been proposed that

a control weir be constructed on the Sandai so that water
could be diverted to the Kisibor swamp or Loboi swamp. A
bund and a dam built on the Kisibor swanp would increase the
storage capacitv of the swamp. The dam would be designced

so that if necessary, fresh water frcm the river could flow
to Lake Bogoria, otherwisc, the entire flow could be stored
in the two swamps and thc watcr 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 19 increase the
size of this scheme. Irripgstion has been practical in the
area for some time so the people arc familiar with irrigation
praciices and its votential. Probably with some technical
assistance, the scheme could be expanded by the people thom-
selves,

Lake Barinpgo--There is a large arvea of irripgable land
north ol ilarigat and easi ol Lalke Paringo, 1000 hectares or
more which could be irrigatced by nunping watcr from the lake.
Apparently, the laoke water is relatively high in salt content,
as Mr. Leakv has & problem of salt build up in the soil where
he uses the lake water for ivrivatioun. This should be invest-
igated ond adequatce provisions made for leacning and drainage
of the salts if o project is beeun here. Pumning costs may
also be a factor.

Therc is a good possibility of a sprinklc irrvigaticn
system on this project. 7The water being pumped could be
deliverced at a pressurce hicgh enough to operate sprinkle heads.
The cost of providing the increasced pressuve should o nore
than nffsct by the smallcer anount of vwater used beeaiso of
higher officicncics obtaincble with snrinkle syvoreow:, 1L a
snrinkler systom is used, il should be well desagnoa, and
technicial help sihould be available to assist in operalion of
the svsten.

Ndau River--There is an irrigation scheme nenr Lake
Paringo, 10 or 15 km. north of Maripgaf which is ivrigcsted with
watcer from the Ndau River. It contains about 200 La. operated
by 380 individuals., Water is diverted from the river by
using a tcomporary diversion canal. Flcod waters [ill the
canal with mvd and rocks and it i< impossible to wit in another
one until the water goes down again, Water cannot be diverted
from the river during this period. Jecause of thiz there are
often long periods ol time when water cannot be obtained for
irrigation. To imwrove this gcheme, it would only be necess-
ary to build a permanent diversion structure so chat water
would bhe available for the crops when necessary., I1f sufficient
water is available, the size of the scheme could be increased
as there is irrigable laund in the area not being used for
cropping. The project would be improved considerably if water
application methods were imunroved. Technical assistance is
needed, especially regarding the timing and gquantity of water
application.

Barwesa--About 75 hectares are now being irrigated with
water from the Yeptos River. The canal and diversion works
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have becen neglected, and rchabilitation is necessary. There
is sufficient irrigable land in the arca Tor enlargemcnt of
the »cheme, providing there is water available. Cotton

is the principal crop grown on the scheme. The distance : from
Barwesa to Kibos, the nearest ginnery is more than 200 km,
This is u long distaace to haul bulk cotton, and il scems
that another crop be investigated at least until there is
sufficicnt acreage of cotton in the area to justify a cotton
gin therec.

Loke Kamnarok--The lake drains in to the Kerio iver. The
outlet couid ke dammed,raising the lake level. The increased
volume stored in the lake could ke used to irrigate layd on
the east bank of the river., Approximately 5,000,000 M7 could
be stored in the luke and used to irrigate G600 ha.

Perlerra--This scheme has becen operating for several vears.,
Therce are 560 ha in the scheme, buat only 360 ha now being
cultivated. ack of water during the dry scacon 1s one
reason ¢given for not cultiveting the cutire arva, Th2 other
reason given is thot the selection cownmitice will neot anprove
applicants from other tribes as setilers on the land, and
they cannot got more scettlers. There are at least two
solutions to the first reason., Wator is turncd oot ol the
canal from 1800 in the alternoon uatil 0430 in the morning.
Thiz ds =0 they do not have o irricate in the dask.  No
cther place is known wheve night irvipation is net nracticed
whore irvigncion water js lrom the noatural fiow of Lhe river
withoul @ SEorsre resorveir. IL nigut drripation copnor be
praciiced, a night storare resaorveir could Lo Duily whi
could nrevide for a larpcy strewn during the dav.  The
second reason piven is a tribal problom, and appareniiy must
be molved belore any succocs can be achievea on ooe jrri-

gation schares involving soutlement,

It has been sugpested that storage on the ecicrra would
be a solution to the shortage of woter during the o rod of
low flow. Tt would be impractical te build o storsco
rescrvair on this river until the soil crosicn in e catch-
ment even is reduced congiderably,  ID nothing war  done
regarding the soil crosion, the resoervoir would 570 with
silt in a very short time. It hoes been reporuved i there
is an cxcellent site for a reservoirvr at the confiu . ree of the
Perkerra and the Fmining Rivers. 7This should be investigated
and il fcasible, plans made for a dam where the soil in the
catchment area is stahilized.,

Other arcas not mentionod herc prebeblily have poceniial
for irrigation development, aad ii all those mentioicd and
others nol known were develoned, the area could suavhort a
much larger population that now lives there.

In any irrigation developmene it is very impertant that
a sufficient number of persennel be available to owmerate
and manage the project. Also it is necessary that azsistance
is available to the irrigator reguording irrigation practices.
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4.1 Recommendations

l. Proper soil and water management is very important
to Kenya. Much of the valuable soil is being croded
and carried by streams to places wherce it has no
value, or may even be a hazard in some places. VWater
is being lost in rapid runof( and is causing damage
by flooding. To conserve these valuable resources,
and reversc the present trend, many persons trained
in soil and water management are nccded. There are
very few Kenyans with this kind of training and tihe
country cannot or should not depend on expatriates
to do this job.

An extensive training program should beestablished
to provide Kenyan personnel to ¢o the nccessary werk
in soil and water management. This training should
be for administrators who will dircect the program,
for the designers and planucrs of development acti-
vities, for technicians doing the werk in the licld,
and for cxtension staff who can work with farmcers to
give them assistence in oporation, manezement and
maintenance of soil and waicr conservation practices.
The training should be boih acadewic wnd on vhe job
experience with experts in the various disciplines
of so0il and watecr menagement,

The University of Nairvebi, Apriculivral Ingincering
Department js increasing thceir etfoervings in soil and
water. hpgerton College is also planning an expanded
program in (hnis areca, Theso prograns will assisy
greatly to provide the nccossary training. However,

it is desirable that qualificd persons =nould have the
opportunitics to po abroad Lo reccoive (emaainy boyvond
the Bacliclors level., These peoplice shou. o be sclected
from those who already have deprecs feon ihe University
of Nairohi, cither in Agriculiural oy Civil ¥npgincering.
Some who already have degroes way also boaelil by
going abroad for on the job iroiniug vhore gsoil and
water work is becing done,

Technicians working in the {icld also nord oxiension
training in soil and watcr mobagement.  7Thas can
probably be provided by the proposcd procsan ac
Egerton College, although it will' be at least Lwo
years beflore many of thosc with this rraining will be
available. The estension staff should niso have
specialized training in soil and water, 2 two to six
week course is not sufficicnt for this. Cne yoar

of specialized training should be ihc minimwn for
both the technicians and extension workeirs.

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

2. A project of development shouid be an integrated one
which includes experts in all disciplines necessary
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for complete development of an arca. 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 catchmenti basin or several
basins, depending on the desired size of the project
arca. A map of the catchment basins of the study
arca is included with this repert., The experts in
the various disciplines should very carclully coordi-
nate their work to provide a project which would be

a model which could be followed in other areas. The
plasing of the projeot sheould be such that the
beginning of development will cover an arca small
enough to ciusure success in the early phases. Also
lack of data may require trial and error methods
rather than recognized design procedgures be used in
the early stages of development. Intormation gathered
during the carly phasc of a project can be a valuable
resource to use in a continuiug developuent program.

The project from the beginning, even in the planning
ana design phases, if possible, should include on the
Job training of Kenyvens. This should Lo VOory care-
fully coordinsted to obtain the maximum benefit of
this valuable source of tyainine at all levels of
opcration,
chet Five cover ds an dmportuant aspect in ooil and
cromanagencnt,  Tho Jivestoes cod Ruowgre Management
kHINC“‘ Ligis ‘I)nvn:;1]runru'1ncnijtnlod G ovedstam ol live-
stech and crazing menagement, inciudi ny, roseeding and
mechanical praetices, which id nracticod wi3l allow
for o vegetative covir Lo vssist in soii and wator
monagement.  The programs vecormended by Chem should
probably be e first vrep in o =o0il ane wvater
menagenent maoran, Vepetatlive cover poooocng the
soil from »oin drop sp , reverds the velocity of Lo
vitoer flowing over the suvriace and incercne s the
infilviration rate.,  These are aoil LMPOY Lot aspectls
of o soil and water munugorent propgren

:

¢
]n;w

Waler harvo-ting, cven on a smaill scale, con e very
impervant in coil and water manzgement.  fpo-10
individuul harvesting schemes can provice comcstic
and livestock woter as well as vater [osw s peental
irrigation. larvesting may consisi of coliceting water
from roofs or rock catclments, from non-ciropped arcas
and dirccted to cronvcd arcas, or storcd oy any
future usce. The majer problem when water is to be
stored is the storasse facility. Plang should be made
aveilable to the individual for these fucjilities.
Technical assistance will be necessary foir both har-
vesting meihods and storoee facilities. Adeguate
training ol extension nersonnel who can give this
assistance will be important to the water harvesting
activity.
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Though recommendation (2) requires water conservation
to he done as part of integrated catchment/watershed
development, there are alrcady a number of dams
which have been designed within the Ministry of Water
Development but have not been constructed duc 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 bhe
required per district together with the manpower to
run it.
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Appendix 1
Table 1
STATION
Kitvi Dem
Machakos Dam
Katumani
Embu Kathiga
Nitui Ag. Off,
Machakos Sch.

Makindu

Eldoret Ag. Res.
Rumuruti

Marigat

POTENTIAL EVAPORATION Eg

(Wecodhead)

ALTITUDE
JAN FEB MAR LPR MAY  JUN JUL AUG SEP OCT NOV DEC  ANNUAL METERS
170 176 185 160 148 128 123 134 173 189 157 153 1916 1090
179 176 186 156 142 123 113 i18 A 17S 159 157 1838 1570
181 165 166 136 145 126 116 125 153 171 136 170 1790 1600
220 210 <10 183 139 114 144 142 195 203 180 182 2142 1250
189 191 200 16% 168 152 149 162 183 203 163 167 2096 1180
190 174 182 151 140 129 1258 140 1€9 180 158 166 1907 1680
175 179 182 160 151 139 139 153 179 191 154 149 1951 998
191 168 196 163 159 138 124 124 150 179 165 155 1913 2200
160 15¢ 174 143 160 140 135 144 162 162 139 139 1817 1770
203 195 212 187 190 173 167 182 193 199 i82 189 2272 1000



Appendix

Table 2 STREAMFLOW AND RAINFALL ON SELECTED BASINS IN STUDY AREA
Basin Basin Area Mean Annual Mea Arnual Runoff Rainfall
Code Strean Ko~ Feinfall om »’ Zff mm Ratio
2C Kerio 17,774 450 53 0.12

2EB Waseges 780 8¢5 45 0.05

. 2EC Rongau 821 947 112 0.12
ZEE Terkerra 569 936 71 0.08
2EG Molo 1,665 870 117 0.13
2EH Ndou 603 792 53 0.07
38A Mbagathi 773 742 105 0.14
3RB Nairebi 255 1148 255 0.22
3DA Athi 821 810 Su 0.11
3DB Atni 7¢3 515 48 0.C6
3F Atni 14,382 515 30 0.06 --
4DG Tana 470 Suu 140 0.16
4CcC Thika 981 920 135 0.15
4EC Ena 661 108s 284 0.26
4ED Tana 3,088 698 75 0.11
4G Tana 53,835 465 21 0.05
431 Tiva 20,103 482 24 u.05
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Appendix

_Table 3 ESTIMATED IRRIGATION REQUIREMENTS FOR ISHIARA SCHEME
Net Water Effective Net Gross Irrigation
Potential Requirement Rainfell Irrigation Requirement (3)
Evaporatign ETP o Requirement 3
Month rm (1) mm (2) 757, Prob. i (mm) litres/sec M
Jan 220 176 1 17; 350 82 220,000
Feb 210 168 0 168 336 33 213,00v
Mar 210 168 91 77 154 36 960,000
Apr 183 146 1i3 33 66 16 41,000
May 159 127 13 114 228 54 145,000
Jun 114 91 0 o1 182 44 114,000
Jul 144 115 0 115 230 54 145,000
Aug 142 114 0 114 228 54 145,00u
Sep i95 156 0] 156 312 76 197,000
Oct 203 162 30 132 264 62 166,000
Hov 180 144 118 26 52 13 34,000
Dec 182 146 23 123 245 58 ISS,OOU
TOTAL 2142 1912 389 1523 3046 -- 1,671,000

(1) Figures for Kiritiri Chiefs Camp near Ishiara
(2) 8u% Potentiai Evsporztion
(2) Acsumes 507 applicaticn efficiency

Ve -
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Table 4
Mean Monthly and Annual Precipitation - Embu-Kitui-Machakos mm
Station Index Jan Teb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
No.
1. Machakos D.O 91.37010 64 41 140 187 67 12 10 7 15 60 210 124 939
2. Kangundo D.O 91.37020 &5 39 158 219 62 g 6 4 6 82 237 114 988
3. Matiliku 91.37028 50 46 111 203 « 6 17 3 2 6 56 180 103 826
4. Donyo Sabuk 91.37054 49 30 118 211 83 16 10 6 12 84 237 154 1010
5. Kabaa Cath. Miss. ©1.37058 38 37 95 158 50 1v 4 6 14 G7 179 81 744
6. Nakabele 91.37071 44 31 75 126 16 9 4 4 8 42 180 85 653
7. Kampi ya Mawe ©1.37075 36 3 80 140 12 14 2 5 6 42 1€4 103 664
8. Yatta Bz*Vet. Dep.91.37076 2 12 65 139 31 S 2 4 3] 48 206 62 655
9. Katumani 91.37089 q2 34 74 132 58 11 5 3 9 39 168 76 650
10.Eilome 91.37091 58 45 134 251 112 25 11 8 22 105 247 78 1095
11.Kyusyani 91.37092 23 32 80 181 41 13 1 4 7 46 216 94 738
12, Mutogazni €1.37094 22 38 165 180 36 5 2 3 o 71 235 77 785
13. Mbooni Forwest 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. Yatta Furrow 91.3703 42 29 108 215 77 19 7 7 2 55 184 57 812
16.0Uuni Forest 91.37105 45 47 90 215 56 22 4 3 11 70 222 64 845
17. Kitui Ag. Off. 91.37800 30 42 170 229 37 25 1 7 13 96 345 1141 1116
18. Mutomo 91.38001 34 32 75 176 a7 5 3 2 11 64 342 172 961
16. Sec. S8ch. Kitui 91.38002 32 40 132 167 54 6 00 6 13 86 311 126 874
20. Zombhe Ag. Sta 91.38004 25 20 94 118 17 2 0 1 7 48 219 62 673
21. Migwani 91.38005 7 22 &1 201 25 3 1 3 9 74 252 29 776
22. Kanziku 91.38006 13 29 88 106 19 2 .0 2 8 32 214 108 624
23. Voo dispeusary 91.38007 14 12 76 125 15 2 0 3 4 47 163 01 552
24 . Mui Chief's Camp 91.38008 24 22 102 157 28 4 2 3 G 55 282 111 796
25. Mutha Ch. Camp 91.3€010 26 21 GE 125 1d 1 i 4 10 34 206 89 598
26. Mutito ChL.. Camp 91.38012 25 25 Sl 13 25 2 2 3 S 64 275 105 745
27. Machakos Dam* 91.37008 45 57 115 178 37 11 4 4 6 17 183 0] 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 71 183 49 805
30. Makull Forest 91.37106 49 56 = 98 234 110 30 25 22 38 73 230 105 1075

* Meteorological Station
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Table 4

cont,
tation Index - Jan Teb Mar Apr May Sun  gu:z Aur Sep Oct
No.
3l. Tiva Market 91.37096 17 33 85 112 44 3 0 2 4 32
32. Konza Ranch 891.37112 18 12 57 137 47 11 4 0c 8 28
33. Ikmnga Ch. Camp 91,38013 22 34 €3 1i5 19 2 1 2 5 51
34. Nzani TForest 91.37100 58 43 113 244 90 28 13 16 24 a5
35.Kianbere Mkt. 90.37135 36 26 96 174 53 14 1 2 9 G5
36. Kindaruma 90.37146 25 z5 §7 159 49 1 2 1o 39
37, Kirvitiri Ch.Camp 99.37039 28 31 121 252 71 1% 5 6 7 g1
38. Siakago G9,37132 3 37 145 355 101 10 S 4 8 125
39. Murinduko 903.371103 22 37 87 244 145 23 27 22 18 ies
121 298 111 a 8 S5 14 106

40. Eaa Tobzcco Fac.90.27164 33 43

LD



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

Table S
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 Tengulbeil 89.36019 23 29 62 93 150 55 79 106 70 33 72 23 795
6. Kabarnet Hot Springs 8§9.36026 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

4L
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1.0 Summary

l. Extractable ground water is available in small quantities
from borecholes tapping Precambrian basement rocks in about 85%
of the Machakos-Kitui study area and about 6% of the Baringo-
Kerio area. These borcholes must be carefully sited, if they
are togbe successful, that is, to yield more than about 6 1/min
(0.36 m”/hr). The average successful borehole in these rocks
yields about 42 1/min (2.52 m°/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 angd
Quaternary volcanic rocks. Although vields from boreholes in
these rocks are highly variable from place to place, failures
are much less commen than in the basement rocks. The average
successful borehole in these rocks yjields about 95 1/min

(5.7 m3/hr) with a specific capacity cf about 3.3 1/min/m
(0.2 m3hr/m).

3. Underflow ccnduits ir sandy alluvial deposits along
ephenmeral 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 ephemcral
streams the conduits provide viable water supplies to well:z 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 extencded development of such conduits
throughout the study area.

4. High-level springs in the cscarpments and hilly tracts of

the Baringo-Kerio area have been developed to a limited extent

by protectcd spring captations znd the flows delivered by gravity
pipelines to points of use on lower ground. Therec is scope for
much more extensive water-supply devetiopment of this type ia the
Baringo-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 borcholes are satisfactory
for human and animal consuiption and probably for irrigation.

The dissolved solids content ranges frem about 230 to 1,775 mg/l
with a mean of about £00 me/1. The fluoride content ranges from

0 to 6.7 mg/1l with a mean of 1.4 mg/l. With a few exceptions, the
nitrate content appears to be less than 1.0 mg/l. There are

very few data available on the chemical guality of ground water

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

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

is likely to be a common problemn.

6. Cround water is not availahle in either the Machakos-Kitui

or Baringo-Kerio study area for large or even moderate scale
irrigation projects. Small supolies are available, however, at

1

8
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many places and could be developed (a) by pumping from hoire-
holes, (b) by pumping or gravity pipelines from subsurface
dams, and (c) by gravity pipelines from high-lcvel spring
captations. The quantities available irom small individval
developments of this type could effectively irvigate arcas

of one acre (0.4 ha) or somewhat morz cof veyetable gardens
and/oxr tree crops. Owing tc the limited quantitiocs available
from potential sources (othex than poronnial strcams coc lakes)
in the two study areas and the need o reduce or eliminazte
transit losses, irrication suprlies shouléd preferacly be
delivered to cultivated plots by pipeline rather than by

open carals {(furrows).

7. Borehole water supplies, in general, should be given
priority consideration, in development nlanning for village

and town (municipal) water supply. Borehole water is nornmally
free of pathogenic bacteria and requires little or no trcatment

betfore use. Proveocuzd high-lavel spring captations, if properly

managed, orn also nrovide water of hich senitary quality.
Moot swrface~water sources roeguire treatment, which mav be

expensive, 1f adeqguate gsanitory quality is to he assurcd.

o,
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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 reconnais-
sance evaluation of the ground-water resources of the Machakos-
Kitui and Baringo-Kerio study areas and *their potentizl for
further development for domestic, livestock, urban and small
irrigation suppliez. 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 hydro-
geologic data. In addition brief field obsecrvaticns 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.

Lo
N\
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3.0 Machakostitui study area

3.1 Location and extent: The Machakcs-Kitui study area comprises
a main_rectangula: block lying between 1°00' to 2°00" s. latitude
and 37°15' and 38930 E. longitude and also a smaller block,
immediately +o the north, lying between 6°30' and 1°00" s.
latitude and 37°30' E. and 38Y00' E.longitude. The maximun

extent from east to west is about 140 km and from north to south
about 165 km. ‘The study area covers about 18,425 km? and includes
pParts of the Machakos, Kitui and Embu Districts in south-central
Kenya. Machakos and Kitui, hcadquariers of their respective
districts, arc the principal population centers in the study area.

be divided into (1) westeri: rcgion of high isolated inselbergs and
clusters of hills and short ridgas interspersed with dissected
bench lands; (2) the narrow flat-topped ridge of the Yatta Platean
which extends southeast across the entire central region; and (3)
an eastern region of lower hills, ridges and broad lowlands which
open eastward into a low southward and eastward sloping nlain.

In tie western region, which lies largely in the Machakos Distric:
a number of large inselberg hill masses rise to altitudes ranging
From 1,600 to more than 2,000 m abceve sea level and 400 to 600 m
abova surrounding hench lands. The lorger streams are commonly
incised 100 to 200 m helow the level of the bench lands, which
appaxently are remnants of the pre-Miocene peneplain described

by I'ulfrcy (reference 0) .

§42M39p0qrngv and érainace: Topographically, the study area can

The Yatta Plateaun, ag described by Schoeman (reference M), now
foxmz the divide between the Athj River and the Tive River
drainsge systems. The plateau, which has a virtuaily lavel
sumtit some 5 to 15 km wide, extends from near the 01 Doinyo
Saprvit inselberg soulheast entirely across the study arza for

sore 275 km to the Galana Valley east of Tsavo. Tho zvoerage
slope of the pliteau sunil, is about 2.27 m/km to ihe southeast.
The present chamnel of the Athi River, which follous & course
clese to the southwest margin of the plateau, is incised some

140 to 160 m below the plateau summit.

The castern region, which lies mostly in the Kitui and Ernbu
Districts, is generally lower than the western regicn. Scattered
hilly tracts and inselberg krobs and ridges rise tc aliitudes

of 1,150 to 1,450 m abhove ses level and 4%0 to 650 i :hove

broad intervening lowlands of the pre-Miocene penerlain. The
easternmost part of the etudy arez, which is a southurvd and
eastward sloping continuation of %his pencplain, is g¢encrally
less than 550 m above sea level.

The principal drainage svstems of the study area are those of

the Athi, Tanz, Tiva and Thua ivers, but only the 2thi and-

Tana carry perennial flows. The Athi, whose headwater tributaries
rise in the high rainfall areas near Nairobi and on the southern
slopes of the Nyandarua Range, enters the study area in the
northwest near 0l Doinyo Sapuk inselberg, ‘Draining virtuvally

all the western region of the study area, the Athi follows a
southeasterly occurse parallel to and imrediately southvest of

the Yatta Plate 1. The principal tributaries of the Athi within
the western region are the Eyumo and Kaiti Rivers, both of which
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are ephemeral (seasonal) streams.

The Tana River, which is the largest and most important stream
in Renya, 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 cphemeral streams the

Katulani and the Kithioko which drain north to the Tana. The
Tiva River and its tributaries, all of which are ephereral,
drain southward across the peneplain lowlands lying east of

the Yatta Plateau. The castern 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,
rainfall in the Machakos-Kitui area is concentrated in tvio
seasong, 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 commonly the driest periods in the vear.
Precipitation, however, is characterized by extreme variability
both areally and seasonally as well as from year to vear. Also,
owing to orographic effects the higher hill masses commonly '
receive more rainfall than intervening lower arcas (reference
C). The highest rainfall in the study area occurs in the
Mbooni and Mua-Iveti Hills of Machakos District where the

annual average ranges from 1,000 to 1,200 mm at altitudes
exceeding 1,800 m. Also in the vicinity of 0l Doinyo Sapuk
(altitude 2,144 m) average rainfall exceeds 900 mm amually

and in the northwestern part of the northern block on the

slopes of Mt. Kenya average annual rainfall is greatex than
1,000 mm. Average annual rainfall in much of the western
region, in the Yatta Plateau, in the Tiva River drainage

basin, an? in the central and sou“heastern parts of the
northern block ranges from 600 to 800 mm. East of tha Tiva
River bacin in the Kitui area, annual average rainfall increases
to the range of §00 to 1,000 mm but then declines eastward to
less than 600 mm in the easternmost part of the study area
(reference F, fig. 4a).

Potential evaporation ranges from about 1,600 to 1,800 mm
annually in the Mbooni and Mua~Iveti Hills. In most of the
western region, in the northwestern part of the northern block,
and in the Kitui area it ranges from about 1,800 to 2,000 mm
annually. The potential evaporation elsewhere in the study
2rea is from about 2,000 to 2,200 mn per year (refercnce F,
fig. 4b).

3.4 Surface water: The only fully perennial streams in the
Machakos-Kitui studéy area are the Athi, the Tana and ite
pPrincipal tributaries, the Thika and Thiba. ther streams
are ephemeral (seasonal) and carry suriace 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 scasons, as water can usually

. . o0
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be obtained by diggirng in the sandy river beds, even after
surface flow has cecased.

The mean annual discharge of the Athi River, based on records
obtained prior to 1972, was 23.0 m3/sec at gauging station 3DA2 which
is located near Fourteen Falls north of 0l Doinyo Sapuk Hill
in the northwest sector of the study area. The mean low~flow
discharge (95% flow duration) was 3.1 m3/sec at this station.
At Kanburu Bridge (gauging station 4ED3) on the Tana River in
the northern block of the study area the mean annual discharge
was 107.0 m3/sec and the mean low-flow discharge was 31.0
m3/sec (95% flow duraticn). This station measures the flow
contributions of the Thika and Thiba Rivers as well as of the
headwaters of the mainstem Tana. (reference A, maps nos. 6
and 7).

The mean annual runoff, in l/sec/kmz, is from 15 to more than
30 in tke Thiba and upper Tana watcersheds, firom 10 to 30 in
the Thika watershed, and from 1.0 to 20 in the upper Athi.
Elsewhere in _the study arca mean annual runoff is less than
1.0 1/sec/kn%, virtually all of which occurs during the rainy
Seasons or chortly thereafter (reference A, map no. 5).

3.4.1 Surface-water storage: Several types of surface-water
storage are utilized in the study area. Natural depressicns,
locally cailed pans or waterholes, are widely distributed in
areas of fairly level terrain, with clayey and silty soils.
They may be formed initially by wind deflation and then en-
larged by some hand excavation and/ox by the trampling of
animals. Generally, such pans are broad ang shallow and
contain water for no more than a few weeks after rainfall
ceases. Daloclos 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 are
favorable. Suitable sites foxr earth dams can be found in
most of the study area, except for the lower and flatter
parts of the eastern region. Rock catchments are also
utilized at sites where the runcff from rocky tors or insel-
bergs can be collected behind dams or weirs constructed across
drainageways on focotslopes. Suitable sites for rock catchments
can be found around the footslopes of many of the isolated
hill masses of the study area, notably in the eastern reg.ion.
Subsurface dams also are presently utilized in many places

in 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 lecated
in the study area. These dams, constructed by earth-moving
machinery, had initial storage capacities which averaged about
45.460 m3 ecech. There were also some 269 smaller carth dams
in Machakos District and 416 in Kitui District. Of the +total
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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
than 10,000 m3. (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 m3. 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 =xceeds about half
the initial storage volume it is usually cheaper to construct

a new dam downstrecam and tc leave the unper 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 cfficient (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 utilisned

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 "gavlands" around the edge of the rock mass so
as to catca 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 efficiently by
cleaning out deep pockets of weathered rock raterial, which

may be 5 to 10 m deep with a virtually impervicus lLase. 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 ciltation losses. Alternatively, in more open storage
sites, earth dams with concretec core walls and spiliwvays have
keen built. Such dams have been raised tc 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 13 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

7
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of 1962 there were rerorted to be 3 rock catchments in Machakos
District and 24 in Kitui District with about half thec 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 rirst on the availability of extensive deposits of coarse
guartz sand such as are comuonly found in the larcer ephemeral
streams (sand rivers) of Machakos and Kitui Districts, and
second on the presence of a rock ledge across the stream channel.
The principle is simply the retardation and accumulation of

the underflow which moves through the cand. By cecnstructing

a concrete or masonry barrier (subsurface dam) at a rock ledge
aCcross a sand river, water-satuvrated sand collects behind the
barrier and evenrntnally underflow is forced to the surface and
spills over the barrier, which has now beceome 2 weoir. Initially,
the barrier needs to be no higher than the original sand surface
but it neceds to be well-footed in the urnderlying bedrock. Each
year during dry periods it can be raised 50 cm or so by adding

a new course of concrete or masonry on top of the barrier, there-
by providing space for collection of more sand on ites upstream
cide from successive fleods. By giving carerful attenticn to the
height of each course which is added, only the coarse bed-lead
sand of the stresm accumvlates behind the barrcier, and the finer
sand and ¢ili are carried over the top during flcods. The
coarser the sand the greeter is its storage and vater-vielding
cepacity. Subsurfacs dams on the larger sandg rivers can be
expected to have yields ranging from 25 to 100 m3/d during
rormal dry seasons. Censiderably larger yields could be expec-
ted during the rainy seasons. There were as of 1962 some 226
subsurface dame in Machakos District and 235 in Fitui District
with about half the total in the resent study area. 2Additional
subsurface dams have been constructed in the area in more recent
years.

3.4.2 Surface-water utiljzalion: With the exception of the
Kamburu, Seven Foxls and Kincaruma hydropowesr doms on the Tana
River in the northern block of the study arca 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 urban, rural and livestock use and some limited supplemental
irrigation. They also serve to regulate runoff for enhancing
ground-vater recharge and for erosion control.

Earth dams have been the most favored method of storing surface
water in the study area, hkecause they are considered to be most
cost-effective in terms of the guantity 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 cleaned, if they are to remain viable. Most earth dams
in the area, if they are not periodically desilted, can be

8
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expected to have a useful reservoir life of less than 15 years.
(In scme 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, becausce they are subject to minimal cvapora-
tion losses and have relative low susceptibility to siltation,
while at the same time they provide n filtered water supply of
better sanitary gquality than that availcble from an earth dam.
Rock catchments also can generally he expected to have consider-
ably lowver rates of evaporation and siltation than earth dams
(reference D, p. 246-260).

To assure the viability of a surface-water storage facili
must also be protected against dircet depredaticn by R OT
livestock. This cen involve prctection of facility by fencing
and/or provision of an effective means for drauing off water
without giving direcct accezs to the facility by the human and
animal populaticn. 1In some parts of the study arca water is
drawn off by a gravity pipeline leading to a watering point

at which a concreie tank and catitle trough is installed. The
tank i: kept continuously ©nll from the pipeline and iz con-
trolled by a ball float valve. For General conmunity and live-
stock use tanks cf about 4.5 to 45 n° capaciiy have hoen used.
Elsewherc in the study arca water supplics have heen developed
for villages and towns located on higher ground by rumping srom
the lurge permanrent streams, from earth dams, or From cubsurfocs
dams cn sand rivers and lifting the water thronch pipclines to
elevatsl tanks foir distribnticon to Locnl wacering pounts.  Scme
pipelincs, such os that supplying Mutome, arn ac mueh as 17 km
long. ‘4his pipeline takes its water by purping from o subsurface
dam on the Tiva River souvthwest of i+he “own. Hutha ic zlso

served by a pipeliun with an intake on tho epnenezal Whua River
about 17 km to the northcust of the town. Water supplies from
both these sand river subcuvrriace dams are supplenent-d by supplies
from hovebsles.

1=e ™

2

3.5 Ilvdroveoloay: There are three groups of rocks in the
Machalkos-Kitui study arca which store and yield grocnd watexr

to wells, boreholes and springs. The most Lnportant and
extensive of these groups are metaworphosed cedimentury and
igneous rocks of Precambrian age. They include crvoialline
limestones, quartzites, nuscovite schists, and hornh:ende
gneisses as well as migmatized gneisses and granitec. ‘fogether
with amphibolites, pyroxenites, pegmatites and othezr iwtrusive
rocks, they form a bhasemcn: complox that lies benexih a thin
veneer of soils and alluvium in some 85% of thc studéy area, or
protrudes through the veneer in rocky tors, rounded bLiarc rock
inselbergs or elongated hills and ridges (reference K, L, M

and N).

Tertiary and Quaternary volcanic rocks occur in the Yatta

—— s+ it i

Platecu and in the northwcstern part of the northern hlock of
the study area. Altogether, these rocks lic at or near the

9
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suxface in about 15% of the study areas. The Yatta Plateau is
directly underlain by one or more flows of phonslite lava
resting directly on rocks of the bascwent complax. These
flows with an aggregate thickness of about G to 15 m and of
presumed Miocene age apparently filled an ancestral vallev
of the Athi River and displaced the river scutliwestward to
its present position. Also during pre-Miocene time a wide
spread peneplain was developed by erosional hevelling of b«se—
ment conploy rocks. This peneplain, now dissocted bw dovin-~
cutting of streams, is represented Ly kench lendg in the
western region of the study area and by mere the extensive
erosional plaing cf the ecastern reginu. Also rumerous
crosional Lbnlduals, in izolated hills and ridges of resistant
rack, now risz above the peneplain surface. Younger volcanic
cocks of presumed Quateraary age and resting cn rocks of +he
bPasement complex are present in the northwesi part of the
norithern block. fThese voleanic rocks include flows of
phonolitic trachyte from the Mt. Konva lava field to the west
~nd alse a narrew band of clivine Daualt which elosely follows
the course of the Thiba River (references M and Q).

Alluvizl denosive of sand with some silt and cloy of late
Pleslstocanez to Halocene age occur along mostt of the large:x
strezans. In gnne places, as For example, in the lower r1cech

oi the Xaiti River and in the reach of the Lihi River dovii~

sirearn fLrop the Junction of the Athi the alluviunw is as auch
ag 10 m thick. TIn most plzces in the study area. howsver, the
ailavivsw in o stternm channelis 18 no noro than 2 rew peter: thick

Cvenr bl
1Langing .
tvally &l uhe ol J: are or residual crigin ¢
weathoring of the olin ave
comnmenly of low nxtural fertility wequiring ap ticus of
animzl wopuges end other fartilizers for satisfactory crop
agrovth,

. onn»L v U0% of the oimidy ercen hies a goil ceover
contimoters to several matezs thiclt,  Vir-
24 by deep

a3}

3.5.1 Watcr in the Dasemant Comnlen rocks: Awong all the rock
n-oGE:"—LEE Prezcawbrion basenwnt corpies is the most extensive
an the study arca. The metemorphic and igneous wvocks of the
basement complex are not inberently permeable nor do they con-
tain extensive and productive aquifers. Rathor, extractable
ground water occurs chiefly in relatively small "cells" where
the mantle of weathered rock may be 5¢ o 100 m thick and the
underlying fracturc systems in the froesh rock are relatively
open and closely spaced. These cells gercrally occur in areas
of low-lying topography near stream channels and separated from
one another by non-productive zones of massive unweathered rock
wvith relatively widely spaced fractures. Such non-productive
zones must be avoided in the siting of boreholes. On the other
hand, selection of favoraile sites depends on the sound applica-
tion of qgeologic criteria coxfled in most cases with georhysical
exploration. Even with careful siting, however, scome failures
can and d¢ occur, because tue degrec of permcability of the
weathered zone and of the underlying fracturc system is a
fortuitous element that controls the individual yields of
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boreholes. The cut-off yield for a successful borchele in

Kenya has generally been set at about 6 1/min (0.36 m3/hr) and

a borehole yielding less has generally been considered a failure.
If borehole sites in the Precambrian basemont terrain are selected
randomly the failure rate can be as high as 30 to 40%, but if
sites are selected after careful geclogical and geophysical
analysis the failure rate can be reduced ic 15 +o 20% or even
less.

Some 90% of the 174 boreholes of record in #he study area tap
watei in rocks of the Precambrian basement complex. The mean
vield from horcholes in these rocks is abcut 76 1/min (4.56 w3/h.)
About 75% of these borecholes yield 106 /min (6.36 ms/hr) or

less; 50% yield 42 l/min (2.52 m?/hr) or less; ana 25% vield

10 1/min (0.6 m3/hr) or less. The wmean sroacific cepacity (yield
in liters per minute or cubic meters per hour per meter of draw-
down) among these boreholes is aboni 28 1/ain/m (1063 m2/ar//1m) .
About 75% of thesze boreholes have specific capacitices of 53 1/min/m
(0.3 m3/hr/m) or less; Z0% have 1.7 L/min/m {0.1 me/hr /i) or

less; and 25% have 0.5 1/min/m {0.03 m3/Lr/wn) or less. The
highest yield ncported from a borehole terning valer in hasowment
complex rocks in the study area wag 284 Laian (L7 nd/hr) oar
borehole C-401 drilled in January 1946 et long. 37921'T. lat.
1°17'5. near Kengunde (table 1). %his borchiole, 6 inches in
diametcr, was drilled *o a depth ¢f 34 m. Water was struck at

27 m and rose to a static level near the land surface (referencaeg
R and 9).

Imong the borcholes tapping vater in the basement cormlax rooke,
the mean depth is $3 m. About 75% are lenws thon 122 m deep;

50% are less than 91 m deejp:; and 25% are less than 56 m deep,

The mean depti to watecr (reost level) helow land-suvface datun

is about 32.3 @2 in these boreholes. In about 75% of the bore-
holes the rest level is 43 n or legs; in 50% it ic 25 m or less;
and in 25% it is 11 m or less. The deepeci: producing borzhole

in the bascment rocks of the study area is C-3760 finished in
July 1971 at long. 37936' E., lat. 1°905'S. about 2.5 km norin

of Kwandani. Thig borchole 6 inches in diameter and 198 m deep
struck water at a depth of 61 m which rosa to a rest level 28 m
below land surfaces. The bhereliole prceduced only 5 1/min (0.3 m3/hy)
with a drawdown of 77.4 m for a specific cepacity of 0.1 1/nin/m
(0.006 m3/hr/n) {reference R). Hydrologic data for boreholes in
the Machakos-Ritui area extracted from the Ministry of Water
Developnent's BOROP (Boirehole data output) data storage bank

are given in table 1. Geologic logs for typical boreholes
tapping ground water in rocks of +the Frecamnbrian bssecment cowple::
are given in table 2.

The ground water in the weathered and fractured cells of bagecment
complex rocks is virtually all ultimately derived from local
recharge, chiefly by natural infiltration Ffrom streans but aleso
by direct rainfoll penetratiocn. Also the quantities of water
which can be extracted from individual borcholes are relatively
small. As indicated in the previous discuzsion the average bore~
hole 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
l/min/in (0.1 m3/hr/m). Morcover, borehcla vields ore subject

to considerable seasonal and annual fluctuation owing to varia-
tiong in recharge and grPLnd water levelgs Although there is

no bYSL"muth wonitoring of ground-water lovcls and bhorechole
discharge in 1hn study arca, individual borehole yvields during
normal dry pericds are reported o fall off as much az 25% from
wet scason Ylelds anc as much as 50% following deficiaent rains,
During exceptional droughis the less prodaciive boreholes may
fail entirely.

3.5.7 Vater in the Velcanic Rocks: Rocks of volcanic origin
resting on oldoer Lasement compilos rocks directly underlie the
land surface in ahout 15% of the study arca. Ground water in
the volecanic roclhic occurs chiefly in scoriaceons and fragmental
sones bhotweer lave flows and in L]OJ&S along the contacts or
these flows with uvedarlvineg rocks of the husonont cownlox.-

Amony the 174 horeholes of record in the shudy area some 10%

tup water in an.tary and Quaternaly volcanic rocks. Although
soma porenties in tha velcunic rooks prodace only mecager vields,
aksolute fazlo ronoeve maeh less conmon thun in the basement

conploex rocks., Naverthelaos yiolds from individual boreholas
in the volcanie tuakm ave Liighly veriable foom place Lo vloce

owing to lateral discontinuitics in tha pcrw~=olc rones.  Also
the total thiciness of veleanic zooks in .kp “Lucy nre g
concidorably lezs than in areas e the weel and north, Amony
14 boyveholes Treozing wat-e in yoioanic v 4n the zivdy areo
wnn-.a-_~i'7dx fLouged Ffrom ) ofto 240 l/m;r 1h 2 mesn of 32 1/min
{(1L.52 thus on tho averaca, yic‘.](l vem beorchoeles in

e voleacic socko in the stady cron seel e e tm”':u_\g copparable
to vhase from uhe bavement complex rocks. Elsewhere in Kenya,
hovevarr, borelole vields {rom veleenic roeks are, on the as reYace,

PO S Ceged p e s on- Ja L PSS L]y ) L
nors than tWwics an graed oz those from rocks of 4he boserwent

¢
-Z‘

-
-]
1
{

\

comp! e {Loeforones 5} 0 YLhe depths of the Yorcholos in the
volennic rocke of the ctudy arco range frow 64 to 178 m with

e nd s

ween o Le7 w (Lawslae 1).

)

The ground wator in the volcanic rocks is considerahly less
subjest o the vagaries of rainf2ll and local recharge than
that in the broewent cormpley rocks., The wa Lov-buaang zones
ere ¢generally woere extenaive than the ground-water cells in
the bagenent conplen rocks and consequentily can store more
watcy nucd yield il to borehcles over lonccy periods of tinme.
Also in the sindy area rwoch of the volcanic rock terrain lies
where rainfall is 300 min or more with favorable cenditions for
recharqe.,

ephemeral uLleamE of the study area are cheanpel dcposits of
unconsolidated sand with some silt and clay. The deposits

along most streams are no more than a few metsrs thick, but in
some places they attain {hicknesscs of ag jwech as 10 m. These
channcl deposits form important uvnderflow conduits which are
directly recharged by surface runoff duran the wet seasons.
During dry periods the underflow conduiis also receive discharging

3.5.3 Water in the Alluvial Depositg: Along most of the larger
5
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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. Such under-
flow conduits are well-developed along the larger ephemeral
(seasonal) streams such as the Eysemo, the Kaiti and their
tributaries in the Athi River basin, the Tiva River and 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 arc tapped by many tenporary
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 pumpirg 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 vields of wells and subsurrace dams are repoxrted
to fall off 50% or more during periods of protracted deficient
rains or drought.

3.5.4 Chemical cuality of ground water: Chemical analyses,

some partial and some complete, for some 89 boreholes are

given in tables 2.1.2 and A.l.b of the Ministry of Water Develop-
ment report, "Hydrology of the Machakos District--a Peconnaiscance
Report" (reference Cj. BAwmong the analyses are those focr wvaters
from 21 boreholes in the study arca. These aralyses indicate
total dissolved solids ranging from 231 to 1,775 mg/l with a

mean of about 800 mg/l. 'The fluoride content of the wvaters

ranges frem O to 6.7 mg/l with a mean of 1.4 mg/l. NLicrates

are generally present in less than 1 mg/l. Water from korehole
C-1485 is reported to contein 30 mu/l cf nitrace. Thoe waters

with lower total solids appear to be of calciwm-magnesiwn
bicarhonate type with the codium chloride countent increasing
somewhat in waters with hicher total solids. The waters from

the borcholes gencrally eppear to be suitable for human and animal
consumption. Additional more definitive arnalyces would be deciz-—
able to assess the suitability of the borehole waters for irrigation.

3.5.5 Ground water utilization: Some 90% of the existing bore-
holes in the study area are ¢ inches (152 nsn) in diamcter and
most of rest are 4 inches (102 mm), 8 inches (204 nm) or 10
inches (254 mm) in diametcr. Virtuvally, all boreholes tapping
water in the bascment complex rocks are finished with a surface
string of mild steael casing through the weathered or fracuured
rock, but the lower part is uncascd (open hole). &bout 90% of
the boreholes in the volcanic rocks are also finished open hole.
The length of the surface casing string mey range from as little
as 3 m to as wuch as 102 m, 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 constrictedl
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 cffsetl by higher capital costs for
eguipment as well as continuing costs for cperation and maintenance.

About 41% of the 174 horeholes 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/cr tree crops. About 8.6% of the boreholes are used
chiefly for irrigation and of this percentage 5.8% arc privately-
owned and 2.8% are government-owned. 2Abkout 38% (66 borehcles)
of the tctal (174 borecholes) are used for village and town
(public) water supply. Of this number the Ministry of Vater
Developrent operatzs the pumps and maintains 24 boreholes for
rural water supply and 8 boreholes for urban supply. The rest
are operated and mainteined by other govermwental agencies. For
the remaining boreholes of record in the study area the use and
ownership are curently unknown.

No reliable estimates are aveilable of total ground-water use

in the study area nor of the various categories of use for rural,
livestock, urban and irvigation supply. Total use is probakly
relativeiy small, however, and probably of the order of 5 to 10
thousand cuhic meters per day. Judging from borehole distribu-
tion tLe mest intannive ground-water extraction from cxisting
borszholes is in the southwest corncer of the study area necar the
Naizrobi- Mombasa highway; in the Mevoye~Muumander area also on

the westorn side of the study area; in the vicinity of Machakos
town: in the Kitui-Kangundo-Tala erca of Machukos District; and
in the vicinity of Kituil town. These ereas would merit attention
for potential prohlems of local overdevelopment. Elsewhere in the
study arca existing borcloles are gensrally spaced 2 Km oxr more
apart so that interfercnce between boreholes is not likely to be
a proklem in the near future. :

Owing to the nature of the terrain, captation of high-level
springs and delivery of water by gravity through pipelines to
population centers on lower ground is feasible at only relatively
few places ir the study area. A spring on Kiangombe 1lIill

(el. 1,804 m) iz developed and the flow delivered by a gravity
pipeline 11 km long to the town of of Kerie in Embu 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:

A}

1. Extractable ground water is widelv 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 borehocle in these rocks
yields about 42 1/min (2.52_m3/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. Decause
they are rclatively thin, thesc rocks vield water to individual
boreholes in about the same quantity as the bascuent rocks, that
is, at an average of about 22 l/min (1.92 m3/hr). Although
yields obtained from horeholes in the volcanic rocks are highly
variable from place to place, Tailures are much less 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 waterholcs, by subsuriace denz,
and, in places, by protected concrete~curbed duy wells, Along
the larger cphemeral streams these conduits provide viable
water supplies to wells and subsurface dams during normal dry
seasons. The yields of these, however, may fall off 50% or
mere during protracted dry periods.

4. There are apparently conly limited data available on the
chemical cuality of water from horeholns in tha stedy arca.
These data indicate that totel dissolved solidsg wenge Trom

about 230 to 1,775 nig,/) with o mean of ahaout 200 e Ly The
flucride content ranges from © to 6.7 me/l with 2 meon of 1.4
mg/l. With a feow exceptions the nitrate conten ARGIAXs
genarally lcos thon L mg/l. The vaters frem boreholes are
generally acceptable for humen and animnal censumpticn. Although
nost of the bhoreholic wvaters appear to be suitablice for irrigation,
additional more definitive analysces would be desirable to ANSEss
any potential hazards for jrrigation usa.

5. Ground water is not available in the ctudy area for larxge
or even moderate scale irrication projects. Small supplies
are available, hcwever, at many places and could be developed
by puaping from borcholes which indivicdvally could effectively
ircigate arcas of the order of 1 acre (0.4 ha) or more of
vegetable garden and/ov tree crops. Also water supplies for
small-scale irrigation, of the same order of magnitude, could
be developed from protected concrete-curbed dug welir and
subsurface dams 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 cuantities of water available Lrom poten~
tial sources (other than perennial streams) in the study area
and the need to reduce or eliminate +rangit losses; irrigation
supplies should preferably be delivercd to cultivated plots by
pipelines rather than by open canals (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 water is normally free of pachogenic
organisms and requires little or no treatment before use.
Water from most surface sources requires treatment, which may
be expensive, if adequate 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 dams and
reservoirs.

7. Wherever feasible new borecholes in the Precambrian basement
rocks should bhe sited near eaxth dams and reservoirs or near
subsurface dams, which may provide bheneficial recharge to the
ground-water cells in basemcnt complex rocks tarped by the
boreholes. Or boreheolec should be located in the vicinity of
streams which cun provide racural recharge to the cells.
Readily available local reccharge serves to maintain borchole
yields at higher rates than might be possible otherwise. Such
doint supplies, that is, horcholes-cum-earth dams or boreholes~
cum~subsurface dams would insure a wmeasure of protection against
the incvitable contingencies of protracted rainfall deficiency
or drought, which characterize the study area.

8. At a few places in the study area high~level springs have
been doveloved by protecied cavtation boxes and the flow
delivered by gravity pipeline to populated centers on lower
ground. This type cf waler suppiy has considerable morit.

Othev tnan initial costes for captation boxes around spring heads
znd pipelines, maintensncoe costs can be relatively low. Although
bigh-icvel sorings do not anpear to be commen in the study area,
efforts shouvld he made to locate and identify those which have
adeguate and depandable flows so that they can be appropriately
developed. Also in places ii may be possible to develcp combined
water supplies uvzing both high-level ‘springz and boreholes in

the gane area for increasing the available walter supply. The
most viable high-level springs arc Llikely to be found in the
hally crecas of higher ainfall, that is, more than about %00 nm.

9. &klthough there has already been extensive construction of
subsurface dams and rock catchments there iz scope rfor consider-
ably wider uvse of these structures for local water supply in

the study erea. As part of general water development planning
it would ke highly desirable to identify specific potential
sites Zor such structures hased on ctudy of availakle aerial
photography, and lLocal topographic and geologic 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. “hroughout the study area, as well as elsewhere in Kenya,
there is an urgent need for a program of systematic and periodic
nonitoring of existing water-developrent facilitics ingluding
earth dams, subsurface dans, rock catchments, spring captations
and borcholes. Although it may not be possible to monitor all
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such facilities regularly with available personnel resources,

it would seem feasible to select a representative aumber, say
10%, of those existing and to meniter them on a periodic hasis.
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 zonec of Kenya. First, for existing
surface-water facilities, zelevart data on initial consirne~tion
details should bc compiled and entered in a computer program
such as that now available in the Ministrv of Water Development
‘BOROP countrywidz program for basic borehole data. Secend, a
field program necds to he establicshad to collect periodically
hydrologic data on such relevant pevameters as current reservoir
levels, available storage, water qualitv and siltation rates

at surface-water facilities and water-level, water~-quality and
pumpage data at boreholes. At a later stage these data could

be set up in computer programs for casy retrieval by the con-
cerned data users.

'

3.7 Recomir ndationg:

1. The m 0% boreholes in the Machakos-Xitui study area
coulad, at least, be cdoubled over the nuirhber now extant,
provided 1 porcholes are properly spaced (eaverage 1 to 2

km apart) . 1 sited with respect to existing boreholes. (There

'
',

are prescntly some 174 borcholes of record in the study area.)

2. There are now cxisting prorosals for water-devaloprent
projects in the westorn region of the staedy ares, that is,

the Machekes Districs, as o partc of an Integrabed Regional
Develepeont Progummme provared by thoe Henvan Covernmeni for
funding by the Lurcpean Foonomic Community (050).  wogothern
with essential woil, water consarvelion and crosion control
rorks the progrein proposes, awonyg cther works, the constuction

off some 80 new carth dems, 20 watex-harvesting scheincs using
specially treated catchment surfeces, and 200 gubsusface dame,

as well as rehohilitation of some 123 existing dams. Thase
proposcls apparently make no provision for siting, construction
and eguipping of borcholes (referencs I). Provision for
borehele developmaent and utilization, it ig helisved, chould
form an intcorol part cf overoll valer development »n the area
for rural and livestock vater supply and supplemenisl irrclgation.
Boreholies, of course, provi . the Last potenticl souvzce of
sanitary water supply for tne human population. 1In axces remote
from other potential water sources, such as errth doos or sub-
surface dams, borelioles may be the only available sources of
water supply. Also in arcas where 50il erosion has not been
controlled and earth dams are not likely to be viable, boreholes
may provide alternative choices for water supply.

3. As an adjunct to and in conjunction with the above cited
rrogram (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 borcholes i
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 earth
dams, subsurface dams and rock catchments. With this approach
the relative advantages of each type of water source can be
optimized in any given locality for provision of potable water
for the human population asz well as basic water supply for
livestock and for supplemental 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-
giderations mentioned above (item 3), local hydrogeological
conditions, and local socio-economic conditions, such as the
acceptance of the water supply by the lccal water users and

their willingness to support at least part of operation and
maintenan.e 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
enalysic of the probable viability of a borehole water supply

in the local socio-economic milieu. This Phase I of a borehole
developuent program could be carried out over a 2-year period

by the Minictry of Watcr Development (MWD) with the assistance
of a senior hydrogeeologist advisor under a donor agency contract.
During this Z-year pericd the zdvisor would guide local geological
and ¢zcphysical surveys essential for borehole siting by MWD
personnel and cocio-economic surveys for borehcle utilization.

e vould alsn zssist in the procurement of casing and drilling
cqguiptent for hovehole constructicon; of punips, piping and tanks
for local vater Jlistribution: and a S-year supply of spare parts--
all with doror agency financing.

5. buring Phase ¥1 the advisory staff would be increased by

an zdditicnal hydroyceolagist and a well-drilling advisor for

e total donor agency contract staff of three advisors. The
Phase II activitics would be caxried oub over a 3-year period
Yor an overall project duratior. of 5 years. The senior hydro-
geologist would serve as project chief and would be responsible
for coourdinutine borchele constiuction activities with other
water-develoument projects of the Ministry of Water Development
in the study area. The second hydrogeologist would be responsible
for guiding geolecgical and cnaincering personnel of the MWD in
the field operctions of ¢~illing and logging of the boreholes,
conducting pumping tests, collection of water samplaes and in
the preparation of tecchnical reports describing and interpreting
the resulls of boxchole counstruation activities. The well
drilling adviscr would be responsible for the operation and
maintenaice of horehcle &rilling ecuipment provided under the
project, the training of drilling crews provided by the MWD,
the construction ~»d casing of boreholes, and the installation
of pumps. The MWD would assune responsibility foir construction
and maintenance cf delivery cf pipelines, storage tanks, and
other distribution Ffacilities as 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 Tocaticn and extent: The Baringo-Kerio study area lies
in parts of the Elgcyo~narnkwet and Baringo Districts of the
Rift Valley Province. Tt compvises a lectanquldl block lying
between 35920° and 36-15' E. JOugthJe and 15' and 0°945' N.
latitude covering an area of about 4,546 Lm‘ in west-central
¥enya. The maxinum extent from east to west is about 82 km
and from north to south ahout 55 km. Xabarnet, the district
headguarters of Baringo bistrict, Marigat and Tambach are the
principal population centers in the study area.

4.2 monugrahh and droinage: The study area, which lies athwart
the main Rift valley include the following physical divisions
from west to casi: L) the Uasin Gishu Plateau; (2) the Elgevo
Escarpment; (2) the \ellO Valley; (4) the Tugen Hills; (5)
the Lake Baringc hasin on the floor of the Rift Velley proper,
ané {6} the Laikipia and Ngelesha Escarpments on the edge of
the Rumuruti Plateau to the cast. Drainage con the Uasin Gichu
Piatean is sond nx¢%3ward to Lake Victoria, the divide lying along
the Lip of the blge tecarpment except there it passes west
of thw SiOﬁ “i"vr, Thie stream drains into the Kerio Valley
ng over a lava precipice at the top of the
reld, whose height ceraeeds 300 w. Alti-
vide range from 2,600 to more than 2,750 m
E st of this €1v1ce thea cﬂharhW"ht drains
F~ ic Iiver by way of 25 or mecre short spring-
soais and to the scuthozet ard south by way of
ol and other headwater tribucaries of the

o , which draing north to Lake Turkana by way

eric River,. lies some 1,500 m below the lip of the
Elsaya Excar;m:ut and 900 to 1,200 m bolow tha crost of the
Tugen Baile.,  fihe valloy, which ravges from about 4 to 12 tm

vide, slogon ovenly northward across the study area from
an altitude i about 1,525 m in the south to 1,065 m in the
north. The Kevio which is perennial in the v*udy area,
draws most i Jiv flovw from hich rainfall areas (1,150 to
1,250 nm) to ¢he eecst, south and west of the Vngcy. In the
southarn part of the valley *xc river hos cut down throucgh a
cover of alluwiel deposits and into underlying hedrock. At
hechlech Pridge, for uawmplc, the road crosses the river at
a gorge which is lese than 6 m wide but more than 16 m above
the xiver level. Abcut 20 km north of Chexbloch Dridge is
Lake Kamnarok. fThis lake lies in an alcove in young lava
flows which bave blocked local drainage of strcams flowing
vestward fron the Tugen Hills.

East of thc Kerio Valley are a series of northerly trending
ridges, the Tugen Lills, whose crest rises to some 2,285 to
2,440 m above sea level. The high rainfall (1,150 to 1,250 mm)
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 scep underground or cvaporate. From
the drainage divide alona 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 KHills on the west and the Laikipia and
Ngelesha Escarpments on the east. Lalke Borgoria (altitude

990 m) and Lake Baringo (altitude 971m), which form the sumps
for the surfacce drainage of the region, were at one time inter-
connected. Lake Borgoria, however, is now blocked ot its
north end hy large alluvial fan deposited by the Wascyes River
where it debouches from its gorge into the Paringo-borgoria
lowland. Lake Dorgeria, whose orly perennial tributory is

the Waseges River, contains water whose salt content ranges
from 12,595 mg/l at its north end to 63,0600 mg/l (about twice
the content of szeca water)at the south end (reference V, table
III). Lake Baringo receives the inflows of four peronnial
streamg along its southern periphery. These are the I'exkerra
River, which is the largest, and also the Molo, Lokoi and C1L
Arabel Rivers. The watcr from Take Baringo is nominally fresh,
at pregsent; although there are some reports of recent deteriora-
tion in the chemical guality. Doubtless the quality would
fluctvate seascnally and annually depending on the hilonce of
inflows from precipitation and strecmns 2s agoinst cvaporation.
(The lake has no surface outlet.) Data on the water (uality
of the inflowing streams arc nct available, but the vatecr from
all is nrominally £fiesh, thet is with a totcl dissolved =solids
content probibly less than 1,000 ng/l.

| amad

East of the ILalke DBaringo basin the land rises steeply in a
seriecs of thice escarpments to the Rumuruti Platecou, whose
altituda rancos freom 1,980 to 2,500 m. The Waseges, Ol Rrahal
and lMulkutan Rivers, all perennial, rise in high rainfall (1,000
to 1,750 nur) arcas on this plateau and drain west and noxthwest.
The Vesedes enpuies into Lake Borcoria and the Ol aArvebel and
Mukuten intc Lalke Baringo.

4.3 Painfall: TIn the Baringo-Kerio study arca some rainfall
occurs, on thoe average, in every month of the vear. Rainfall
is most concentrated, however, during the period April througn
August. wiith Auvgust commonly the wettest month of the year.
January and February are commonly the driest months. Rainfall
distribution and intensity are larcely controlled by altitude.
Along the lip of the Elgeyo Escarpment, along the crest of the
Tugen Hills and cn the Rumuruti Plateauw annuval rainfall ranges
from 1,150 to more than 1,250 mm. In the Kerio Valley flocor
and in the Baringo-Borgoria lowland of the Lake Barirngo basin
rainfall rangces from 200 to less than 650 mm annually. At
altitudes greater than about 1,500 m rainfall 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, Mclo, Waseges, Loboi, Ol Arabel
and Mukutan Rivers Of these only the first four are regularly
gauged. A summary of the runoff characteristics cof these strcams
based on data through 1972 and taken from rcference 2 (Appendix
A, p. 3) is given below:

Station Catchment Mean Annual Runoff ©5% Duration Runoff
Stream no. areaa

(kmz) mz/sec l/sgc/km2 3/sec l/sec/km2
Xerio 2C7 393 5.37 6.01 0.074 6.083
Perkerra 2ER7 1,180 3.03 2.57 0.40 0.34
Molo 2EG1 595 1.67 2.81 0.17 0.29
Waseges 2EB3 331 0.643 1.94 0.044 0.13

Of the Lour rivers the Kerio has the hicghest annual runoff per

km2, possibly ow'ng to the steep slopes and low infiltration

rates prevailirng in its upper watershed. On the other hand the
Perkexra and iolo have markedly highier base flows per km? than

the Kerio, owing possibly to hicher infiltration rates on their
watexrchans and higher ground-water return flows during dry weather.

As suyrested in reference A, map no. 3, the kase flow runcff

(¢5% flow duration) in the Liigher reainfall areas of the EBlgevo
Eccaynpmiaeny, whi Tugen “!]Jn, and tho Rumurtti Pleteau may range
From 0,15 ¢ ¢ 50 1/s¢c/tm”,.  In the lowery rainfall areas of the
Rerio Vallzy &l the BJ‘[HQQ—FGI(OLlu lowland of the Lake Bairingo
bagin tho bace flow runoff is iess than 0.15 1/s cc/hmz Mean

—~

armual sunoff in the higher rainfall _areas (referxcince A, map no.
5) wengeg {rom about 5 to 7 1/scc/kn“ on the Elgeyo Escarpment
and adjacent parts of the Uasin Gighu Platcau and in the Tugen
Hills.  On the Ronuruti Platozu wean annual ruuoLT in the highexr
areas ig ahont I to 3 l/twﬂ’“m4. Ir the lower rainfall arras

ctf the Kerio Valley and the Bariago-Borgoria lowland mean annual
runofi is lese than 1 1/sec/kine.

The chief type of surface-water cterage utilized in the Baringo-
Kerio arca is the eorth dem and rescrvoir. %Therc are presently
estinated to ke shout 3¢ Lo 4C such machine-excavaled reservoirs
with uL”d7 areca wich an average initial capa 01ty of about

6,000 s, In addition there are many more hand-excavated water-
heles which provide tempurary waiexr supplies for pceople and
livestock. There are aprarently very few, ii any, subsurface
dams and rock catchments in the study avea. Lake Bavingo itself
provides important natural water storage and is utilized in
peripheral arcas for husan and livestock consunption as well

as for some limited pump irrigation. The waterxr from Lake
Borgoria is too saline for human consumption, 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 arca hv pumping or
gravity diversions from streams. A small experimental farm of
about 8 hectares is located at Nakuratapin about 10 km north

of Kampi ya Samaki. The farm is irrigated by water pumped

from Lake Baringo. Melons, papayas and potatucs are cultivated

by the trickle irrigation method, and water ic distributed through

one~half inch plastic pipes. East of Marigai and south of Lake
Baringo is the Perkerra Irrigation Scheme constructed during
1954-58., The comwand area, which ccvers 415 hactares, is
served py a main canal of about 0.57 m3/sec capacity. 'This
canal depends on a run-of-the river diversion weir on the
Perkerra River near Marigat. The chicef crops cultivated are
onions and chilies with bananas as profitable windbreals.

Elsevhere in the study arca water supplies for human consvmptio
and livestock from surfacec water sources arc taken divectly
frem perennial strcans, frow Lake Baringo, from waterholes

or from carth-dan reservoirs.

are thrcee groups of rocks which store and yicld ground water
to wells, boreholes and springs.  These groups include Tre-
cambrian bascment complex rocks, Terlhiery and ovaternary lava
flows with interbodded pyrcolastic ceposits of veloania origin,
and in come places late Quaternary lacustrine end alluvial
deposits.

4.5 Hydrogcology: Within the Barinco-Kerio stuéy avea there

The Precomorian bazcment conplex includes severcol kinds of
interbedded gedimonts vhich have beon wmetarworphsod, prinaipally
to hornblonde gneisces with lesser ianterbeds of cuartz-foldspox
gneiszes, crystalline Limeotones, cuertzites aad biotile
aneisces.  Thece reocks crop out in the bhagal and micdic slepes

£ the Blgeyo Escavprment and formm a belt sore 1.5 to 3 ko wide
extending north-covth along the entive 58 kn widin of the seudy
arca. Whey also underlie @ cover el Ouritctnery alluwvial
detritus in the Kerio Valley extending about ns far eact as the
longituce of the Xexio River. Along this line they ave avparen
in fault contaect in the subzurface with tho Lerihary volcanic
rocks whicii form tihe costorn slopas of the valley. Nesrt the
top of the Dlgeyo Escarpmert the Precarbrian rocks arce capped
by Tertiary volconic rocks vhich form spectaculaxr cliffs, in
places more than 300 m high.

flows at the base overlain by tuffaceous sedinents, phonelites,
welded tuiffs, more basalts, trachytcs and tuffs. These rocks
underlie all the study area, with the exception of the Precam-
brian belt of the Llgecyo Escarpinent. Throughout most of the
study area these volcanic rocks have lbeen broken into narrow
slices by a closely spaced gridwork of north-south faults.

The Kerio Valley and the RBaringo~-Bogoria lowland occupy two
down~dropped blocks or graben in this fault system while the
Tugen Hills, which are uplifted relative to the two grabens,

The Tertiary and Quaternary volicanic succession includes basalt
S
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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 arnd also form a
thin veneer over Tertiary volcanic rocks in much of the valley
fioor south of the bridge. 9The lowland lying 10 tc 15 km south
and southwest of Lake Baringo and extending to the north end

of Lake Borgoria is vunderlain largely by fine silts and sands

of lacustrine and deltzic origin. These deposits were apparently
laid down when Lake Raringo and Lake Porgoria were interccnrected
during hicher lake stages in Fleistocepne time. A young Holocene
alluvial fan deposited by +the Wasegoes River at the debouchrient

of Sandai Corge now partly blocks this connection and ponds the
lower course of the Loboi River in Loboi Swamp.

£.0.1 Water-hearing character of the recks: The rocks of the

Procambrian Zasement complex store ard vield ground water chiefly
frem the weathared reck and cointiguous fracture systems. A

putber of small springs rise from the Precambrian rocks along
the middle and lower slopes of the Elgeyc Escarpment. Most of
these springs are temporary and go dry soon arter the rains

cease. During 1950 three borcholes woere drilled on the floor

of the Kerio Valley ac part of the Kerio Valley Gcheme (reference
D, p. 149). All throe boreholes (C-1127, C-1128 and C-1167,
cables 3 and 4) tapped ground water in Precambrian basement

roczz at depths of 87, 57 and 77 M, respectively. The vields
ohieineq, 7¢, 16 and 17 1/min, rcspectively, lic besveen the 50
and 25 couniry-vide povcentiles for lorcholeos tapping walas in
Proecarbrian broement cocks.  These viclds are thus less than
wverage but botter thuan "poor". The yields can be categorized

as "fair". Aside from the micdle and lewer glopes of the Ilgeyo
LPgcarpment and the substratum wvest of thoe Kerio River, which
tecgather constitote ochount 6% of the study area, the Pracaslrian
basonent roche gre vninporiant as sonrcss of ground water
clicwhare in the study arca.

Llong the contact between the I'recanbrian basement rocks and
the overlying Tertiary volcanic rocks theve is an important
Spring zonc which lics about 300 m below the lip of the Elgevo
Fecarpment.  This zone gives rise to 25 or more tarering streams
in the study area which are fed by perennial springs in their
upper recaches.  These streams commonly lose moct i€ not all
their Tlows by infiliration into the talus fans at the base

of the escerpment. At least four such springs were developed
during the 19%0's hy enclosing the spring heads with masonry
walls (captations) and leading the flow down the slopes by
gravity pipelines to points of use on the Kerio Valley floor.
These gravity water-csupply systems, knovwil ag the Emsea, Lekwa,
Kabulwa and Sanguru pipelines, all tap springs feeding tapering
streams on the slopes of the Elgzyo Escarpment (reference D,

p. 14%9). 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 Tugen Hills and also from the
Rumuruti Plateau in the southecastern 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 emall masonry dam, provides part of

the water supply of Kalarnet. 'fhe water irem the Spring is
pumped to a distribution tank in the higher part of the town.

Apparently, there are only four boreholasn (C-1838, C-3506,
C~3526, and C-4077) of rccord ¢rilled in the Tertisry and
Quaternary volcanic rocks of the study area. One of these,
C-3526 at Kabartonjo, produced very litile water and was
abandoned. The other three produced vields of 23,227 and

183 1/min, respectively {(table 3). 9%he madian vield of
borchelaes in Kenva tapping water in volcanic rocks is about

95 1/min. Thus the yiclids from boreholes ~3506 and C-4077
arc considered "excellent" while the yield from (C--1838 is
"poor". AlLl four borcheles cppovencly tap water in fractures
or pervious weathered zounes in tuffs or lava Zlows (table 4).
The Quaternary alluvial deposits in the Yerio Valley appear

te be generally above the regional water teble zud hence do
not yicld woiter in sicnificant auantity to wells or borzholes.
For erample, in boreholeys C~1127 and C-1128 unconsolidatead
Quaternary elluvial deposits arce 27.4 arpd 43.9 n thiek,

o Lt theoo borcholes, howevow, the deponity ore
wnrnivrated ae the water table lics in Lo deeper Mrecambkrion
bagiment rocls {(table 4). The watter teblce in the Coaternary
densiits of the Bavingo~Lergoria lowland apLears o iie within
a fow meters of the land surface. These
low permesbility, bai they do, however, vy
of wu to dowe epen dug wells cufliciend

renpoatively,
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£.0.2 Cround-viier utilization: Aside from Lim

1
i trees, oltUpbs and gardens there i virtuallsy oo prosent
usc of ground wotaer for irrigotion in the study ar.cs. Borchole
C-3506 and &« developed protected spring provide 0o wuniaicol
waloer supply for Kobuwvnet . Tawbach, DIiretwo, Kabotondie and
Yenyoes are also provided with oither nuniped or arin watex
supplies obtainnd from protected spring captaticno velrs on
spring-fed sticams. I'rotected or Oren springs aloo provide
water supplics for the rural population and livestowul along
the Elgeyo Lscarpient, in tho Tugen Hills, and in ihic encavp-
ments on the wvestern cdge of the Rumuruts Plateav. fhe rural
population and livestoc) in the Kerio Valley, which is very
thinly populated, and in the Baringo-Borgoria lowlaund depend
virtually enticely for water svpply on the nearest perennial
stream, swamp, and/or lake.

4.5.3 Chemical quality of ground wat=1: With a feow exceptions,
there appear to be no data available on the chemical quality

of waters from wells, boreholes and springs in the study area.
The waters frem all these arc gencrally reported to be of good
quality and potable. Locally, however, some unprotected wells

25
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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 weters are of shallow meteoric origin and

that warming (approximately body temperature or a little higher)
has been effected by deep civeulation through the fault grid-
work. The chemical characteristics of these waters sumarized
from reference V, table III are given below:

Maji ya Loboi 0l KRokwe
Moto Island

Total dissolved
solids (mg/1) ' 420 425 238

pH " © 6.7 6.9 10.4
Fluoride (F) (mg/l) 4.3 4.6 18.8

The analyscs indicate that the waters from Maji Ya Moto and
Lakoi are ol codiuvm hicarbonasice type, very slightly acidic,
and (juddaed by regicnal standards) low in fluoride content.
The analvsen also sugacst a comnon geologic origin for the
waters frow the bwe spring groups. The water frow the springs
cn OL Rolve lxland, although lover in total dissolved solids
tian the other two, appears to bhe of sodium carbonate--—
bicarbonois Lype and wsrkedly alkaline. With the eoxception of

high fluoride contont, tho woters from ail {hres eprinag Jocalities
! FA -

are pouvable ond suitoble for human and animel, consunntion.

£.6 Concluesicas:

1. Pytrocionle orovrd water in small guantities is available

frem borehcios tapping watcr-beoring zones in Procanbrian
bagement sociis in thn Xerio Valley west of the I'exio River.
The yieldr obhbteinabic frow borcholes in_this arca would range
from about 15 to 30 L/min (0.9 +o 1.8 mY/hr). Elsewhere in
the study arca somewhat higher yields ranging Ffrom 20 tc 200
I/min (1.2 to 12 w’/hr) can he expectaed from borcholes tapping
water-beowing zoncs in the Yartiary and (Guaternary volcanic
rocks. Techaps 5 to 10% of thie borcheles drilled in these
recks, however, can be expected o produce yields of less

than 5 J/min (0.3 mj/hr).

2. Ground vater is net available in the study area for large
or even moderate scale irrigation projects. Small supplies
axe available at wmany placeg, however, and could be developed
by pumping irom borcholes which individually could effectively
irrigate arcas of the order of 1 acre (0.4 ha) or more of
vegetable gavdens and/or trec creps.  Also there are many
high~-level springs which could Le developed by captation boxes
and the flows delivered by gravity pipelines to irrvigate side-
hill plantings of trece crops. Where nceded supplemental tanks
could be prrvided to store unutilized night flows.
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3. There are many high-level springs which could also be
developed by protectcd captation boxes and the flows delivered .
by gravity pipelines to population centers and for livestock
watering on lower ground. :

4. Spring captations, of course, have a number of advantages
over borehole supplics, namely low initial construction and
maintenance costs plus provision of water of ganitary quality
equal to that from boreholes. The chief cxpenses are the
capital and maintenance cosis for the epring captation boxes,
the delivery pipelines and any balancing storage tanks that
may be required at the points of usec.

5. There appears to be only limited scope, if any, for
utilization cf subsurface dams and rock catchments in the
study area.

6. The chemical quality of the ground water obtsined from
wells, boreholes and springs appaars o be generally satisfoc-
tory for human and animal consumption and also for irrigation.
Chiemical datea on ground watevr quality in the study area are

new almost totally lacking and are urgently needod for planning
appropriate water developiment in the stuly areca.

.

7. At present the total extraction of ground watver from Lora-
holec in the study arca is nminiccule. There is thus ample

scope for bhovehole coastruction and grovad-uster cevelopmoant

in rmost parte of the study aren kuit royo particulacly in the
levlond avco wiere grovity sunrlies cannot be Teagibly delaivaopad,
Proviced borcholes are spaced ot intervais of 1 I'm or more

apart there is little hazard of local ovardevelopment.

4.7 Recommendstions: ,

1. Tor wator--development pPlinning there is urgent need
detailcd leocal survevs to locate developablo eprings, to
detormine thoir flow and water-quality chaoracteristics, to
design apprapriate captotion structures and pipeline structures,
and to establish a socially visble local milieu for econcmically
satisfactory use of the water.

for

2. There is also a ncaed for plarning for bhorechole construction
and ground-viater development in the study area. Such future
borecholes wouvld prehbably be located nostly near viilages ou
larger population centers, where viable horehole use and
maintenance can be reasonably assured. Adcguate geophysical

and geological studies for proper borechole cite selection chould
be completed well in advance of actual borehole construction
operations.
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2.0 Costs of borehole construction and development: At

present in Kenya, borecholes are constructed deparimentally

by the Ministry of Water Development and also by a number of
private drilling contractors who serve the general public.

The Ministry of Water Development (MWD) is presently under-
writing the censtruction ¢f about 200 borecholes per yeay on

a countrywide basis. Of this number 80 to 100 boreholes per
Year are constructed departmentally, and the halance are put
down under contract with privete drilling companies. The MWD
maintains a register of all hboreholes drilled in Kenya, and

by law drilling companies must provide the MWD with well logs
and othar construction details of boreholes drillied for private
individuals ard companies. The MWD also provides borchole
siting services through its Gecloygical Department for both
public agencies as well as private landowners. The MWD also
does some drilling with its departmental rigs for small private
land owners.

The MWD now constructs its horehcles with 4 percussion riys
and 2 recently acquired down-the-hole air hammer rigs.
Acequisivion of the latter rigs has greatly ecccelerated the
rate ¢ departnental construction of boreholes. Some 4 to 6

veeks arve required for conpletion of a horehele 100 m deep in
the Procembrian baeement rocks when put down by the recrcussion

¢rilling wethod. 4 bhorehole of the same depth in the came
rocks woenld vequire conly about 2 days for conmpletion when

pul down by the odv hanmer Grilling method.  The total cost

pexr bovehola i, hoveves, cboub the same. The percuossion
drilling method ls technologically simgle ard labor intensive
buis consativg.  On the oither hand the air haamer drilling
methed is technologically complex, efficient and time saving
but jv operaticnally costly. Where a large nwiber of boreholes
are to Le consirvclbad in e shoxt span of time, the air hammer

drili i¢ +heo obwicus choice, .

co vodrilled borehele 100 m deep dn
bozement or voireens rools inetuding: a 10-inch surface mild
stecl cosing rodueed Lo G-inch below; the mobilization and setting

up of {ha drilling rig:; zrortization of a fraction of drilling

Lt proscnt o éo

!
rig coste; fuel aud test punping couts (but not including the
permancnt pump instaliatcion) costs about K sl 40,000 to 55,000
350 per meter. The sawme borehole if drilled

oc akout X ch 460 to
by private contrinctor
K sh 50,000 to 117,C00 or about X sh 800 to 1100 per mcter.

The hicher costc For privete contractual drilling are due chiefly
to adninistrative cverhead and technical services costs, which
the private contractor nust absorb, plus losses as well as a
profit margin which must be added.

1=

Mild steel casing in Kenya now sells for about K sh 409/m for
8-inch and K sh 283/m for S-inch. These diameters are the two
most comronly uced throughout the countrv. 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 boreholes, when the percussion method has been
used, is reported to cost about K sh 90/hr and K sh 317/hr when
the air hammer methcd has been used, owing chiefly to highev
fuel costs. Most boreholes are developed by test pumping 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
pewered by air or water- cooled diesel driven genexrators. The
diesel engines break down much nore frequently than the pumps,
owing chiefly to lack of preventive maintenance. The pumping
schedules for public water-supply boreholes are less than ©

per day in 15% of the services and more ibhar 16 hours in tha
rest. An electric submersible pump of 2 1/2 inch dianmeter
without motor costs ebout 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 submersible panp, a small diesel electvic generator

~
]

hours per day in about 70% of the services, about 8 to 16 Lour:

and pump house costs akout K sh 50,000. A pumping installaticn

with a 5 1/2 inch submersible punp, a larce diesel clectric
generator and a pump house costs about X sh 100,000.
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C-4€1 (Sheet 163/3)
Altitude 1,067 m

Table 2.- Logs of typical boreholes in the
Precambrian Basement Complex rocks
of the Machakos-Kitui study area

Soil, sandy

Gneiss

Cneiss, quartz-feldspzar; water at 47 m

Gneiss,
Schizt,
Schist,
Cneiss,
Gneiss,

C-500 (choet 163/4)
Adltivuede 1,067 n

Soil, sa
Cneaisg,
Scuisz,
Schist,
Schinot,
Gchiet,

Peonetin

- 46 -

D/W 48 m¥*

quartz~-muscovite

mica
bictite
granite

muscovite and schist

ndy

D/W 9 1w

micaceous, weathered

tale-mica:; water at 12 m

guartz-biotite

inica

fica ar
Ja

Cz, pict

C~1580 {(shcet 163/1)

Altitude 1,219 n

Clay

Gnoling,
Groisg;
(‘

SO
t

Al

hiotite
watay:

")
S ey oA
iendas 1,264 n

at

D/ Z7 m

A5 m

525 (sheet 156/1) Rangondi

O/W 30 m

Roch, wvesthered with houlders

Grieing
Cnoian.

Greiss

weathorad;

wvater at 64 m

C~3453 (zheet 150/3)

Altitude 1,308 m

Soil, rc
Clay

Gneiss, weathered

d

B/W 17 m

Gneiss; water at 82 n

*D/W = Depth o wzter below land surlace

guartz-bictite gneiss
¢ and gnois

46

Drilled in 1946

Thickness
(meters)

1.2
35.4
1i.4
38.7
15.9

9.7
16.8

6.4

Depth
(meters)

1.2
39.6
51.2
£9.9

105.8
115.5
132.3
138.7

Drilled in 1947

~NPOY W
L ]
~N 3w

39.0
43.9
56.1
67.1

Drilled in 1951

14.0
12.8
57.6

PDrilled

in 1951

33.5
56.4
65.5
2.3

0
o o WWw
~NWw o
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Te. .. 3.-Records of boreholes in the Baringo-Kerio study area

Borehole no. Long. E. Lat. M. Altitude Diam- Yield Remarks
(zotexrs cter (1/min)
2tove 328 (=)
level)
c-1127 3593} 0°39? 1,082 1z2 &7 g5 152 23 Drilled in 1950. Taps water in
Precembrien metamorphic rocks.
Private use.
C-1128 35034 00Lo" 1.219 1z2 57 57 - 18 Drilled in 1950. Taps water In
Precambrian rocks. Abandcned.
C-1167 35035' 0°h3' 1,219 163 TT 76 152 17 Drilled in 1950. Taps water in
Precsrdbrian rceks. Private use.
C-1838 35°32! oe1T7! 2,591 1190 75 T3 152 23 Drilled in 1952, Taps water in
Tertiary volcanic rocks.
Priveta use. )
f)
C-3506 35°LL 0°30°? 1,725 152 ic3 i3 204 227 Drilled in 1968, Taps water in o
’ : Tertiary volcenic rocks. Public ;
use. Yields 227 1/min with 4l n
drzwdcvn.
c-3526 35%7:  oo%2! 2,134 165 €iv 83 - 0 Trilied in 1968. Tepe water ia
Tertiary volcanic rocks.
Abandoned. Yielid regligible.
c~-40T7 35059° 0%2L 1,3L0 226 220 8L . 152 183 Drilled in 197&4. Taps water in
Terctiary wolcznie “nchs. Govern-
ment use. Yields 163 1/min with
1.7 m drevwdowa.

18 /33
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Table 2. (cont'd)

C-4136 (sheet 150/4)
Altitude 1,152 m D/W 40 m

Soil, sandy

Granite

Gneiss

Cranite; water at 50 m
Gneiss; weathered
Granite; weathered

Drilled in 1675

(meters)
4.0
18.0
14.0
13.0
20.0
20.0

(meters)
4.0
22.0
36.0
54.0
74.0
94.0
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Table 4.-Logs of borecholes in
- the Baringo-Kerio study area

C-1127 (Sheet 90/3)
Altitude 1,089 m D/W 85 m*

Clay, silty, brownish

Gravel, pebbly, detrital

Gneiss, hornblende, weathered

Gneiss, hornklende, fresh; water at 87 m

C-1128 (Sheet 90/3) .
Altitude 1,219 m D/W 57 m

$ilt, derit brown

Gravel, pebbly, detrital

Gheiss, bornblenda, weatherad;
water at 57 m

Gneiss, hosnblende, fresh

C-1838 {Shcet 104/1) Foster’s Far,
Kipkabus

Altitude 2,591 m . D/W 73 m

Clay, tuffaceous with boulders
Tuff, fresh; water at 75 m
Tuff

C-3505 (Sheet 104/1) Kabarnet
Altitude 1,725 m D/W 13 m

Soil, red

Tuff, weathered

Tuff, dark brown

Tuff, yvellow

Tuff, gray

Tuif, brown

Lava; reddish-brown; water at 103 m

C-352G6 (Sheet 90/4) Kabartonjo
Altitude 2,134 m D,/iW 83 m

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
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Drilled in 1950

Thickness Depth
(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 87.6
24,3 121.9

Drilled in 1v59
46.4 49.4
44,5 93.9
15.¢ 1ce.7
Drilled ian 1&8d

0.3 0.3

1.5 1.2

3.4 4.6

1.5 6.1

4.6 10.7
33.5 44,2

108.2 152.4
Drilled in 1968

0.6 0.6

1.2 1.8

8.9 10.7
12.3 29.0

4.5 33.5
15.3 48.8
15.2 64.0
15.3 79.3

3.0 82.3

6.1 88.4
77.7 le6.1
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FIG. 2 MAP OF BARINGO-KERIO STUDY AREA SHCOWING Ti
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