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Y. INTRODUCTION
1.1 Objectives

Thc ob]ecnves of the. Natural Envlronmcntal Study (the Study) on the Magwagwa
Hydroelecmc Development Project (the Project) am as follows:

1)) To identify impacts Which are éxpé_ctéd to _éa__usé on the nafur_al environment by
' " the Project, | |
if) To evaluate magmtude/mgmﬁcance of the i impacts, -
iii) To propose countermeasures for mxuganng the magnitude of the i impacts,
iv)  To evaluate thc acceptablhty of the Project through the v1ewpomt of the
| natoral environment, and o rccommend further studies if any

1.2 Approach of the_ Nhtural' Enﬁfonmental Study

- Screenmg and scoping approaches were apphed for the Study to ensure time and
cost saving for the 1mplementanon of Environmental Impact Assessment (EiA) of the
Project. Also this is a common approach of EIA in dcvelopmg countries. The screening
was conducted based on the existing guidelines set by the Government of Kenya and the .
World Bank related to EIA in Kenya, and the scoping was carried out by con51dcnng Initial
Envn‘onmental Exammanon (IEE) for the Pro_]ect

IEE is 'cSSé_ntially an initial examination of the environmental effect potentials for the

proposed. Project based mostly on the preliminary information which can readily be

obtained in the first stage of the Study period. Thus IEE is the first approach of EIA by
scopmg, which determines whether or nota detaﬂed EIA will be required. - :

As for the screemng, the environmental management guzdelmes in the
Environmental Management chort preparcd by National Environment Secretariat (NES),

~ Ministry of Environment and Natur_al Resources in 1_982 and the Operational Directive

4.00, Annex A: Environmental Assessment set by the World Bank were used as the
 criteria for screening of the types of the projects which EIA needs to be conducted and for
the selection of environmental aspects id be assessed. These guidelines concluded the
Project implementation should include the environmental assessment,



1.3 General Features of the 'Project.'

The Project area lies in the middle to lower reaches of the Sondu River which has a
catchment of about 3,470 km?2 at the estuary. The proposed dam site is situated at a narrow
gorge near Magwagwa village about 5 km downstream from the confluence of the
Kipsonoi and Yurith rivers. ‘The reservoir area occuplcs the land below the elevation of
1,670 m which is the selected dam crest elevatlon and the waterway constmcted on the left
bank of the Sondu River leads water to the powcrhousc with an 8 km headrdce tunnel and
penstock. The general features of the PI'Ojf:C[ arc as follows _ '

:Catéhment'_aréa
A%grége inflow

Dam crestelevation

Dam height
Full supply level

~ Minimum operanng Eevel

'-'Total storage voltime -

~ Active storage volurie .

- Reservoir surface area for

-the dam crest elevation -
Plant discharge

Maintetrance flow

_ 3, 160 km2 at the damsuc '
: '42 0 m3/sec (at the IIGI gaugmg statlon)

‘EL 1,670 m

110m .

: EL 1,665 m

s EL1,609m
- 808 millionm3 -
701 millioh m3
' '26km2 '

82Om3/sec |
05 m3/se<;. '

e After generating power and energy at thc powcr pIant of the Pro;cct, water returns
to the Sondu River and is dlvcrtcd 10 the Kano plain for the power. gencrauen at'the
Sondu/Miriu schetne-and for the Kano irrigated agnculture development.’ o
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EXISTIN(: CONDITIONS OF THE NATURAL ENVIRONMENT
Geographlc Condlt:ons
Topography

The n‘lajor part of the --Pr’ojectexhibits undulating to rolling top’ogfaphy that gives
way to flat terrain in some parts. This type of topography has obviously facilitated
the diversification of agriculture The overall slope of the area which varies from 2

1030 % is towards the west.

The Sondu River originates from the western slope of the Mau Escarpment at an

elevation of about 2,800 m above sea level. The Sondu River flows down'.

westwards gathering such major tributaries as the Yurith and Kipsonoi rivers, and

comes into the narrow gor ge penetratmg the Nykaeh Escarpment with scenic
" waterfalls called the Odmo Fails. The river ﬁnally drains into the Wmam Gulf of

Lake VICtOI‘la through flood plams conswtmg of alluvxal deposns Ata pledmont of
the escarpment near the proposed Sondu[Mmu power station, extenswe gully

erosmn appears due to rush of stream flows from hillsides.

~ Geology '

- The geological formation of the Project ared falls into three principal categories; Pre-

: "Cambnan rocks, Tertlary lavas and Quaternary volcanics. The heterogenerous
’ r'geologu,al formations of them have contributed to d1fferent1al erosion and

weathering processes and to formation of meander and falls along the Sondu River

' system.

Major formatlons of the Pre- Cambnan rocks are the Kavirondian system Nyanzmn
":system and Bukoban system m the basm Ternary lavas, _whlch are formed as a
- result of tectonomagneuc actmtles connected with the Rift system, w1dely cover the

basin mcludmg isolated areas around the Winam Gulf. Quatemary formations ¢ cover
the most areas where the Ple1stocene sedlments, which include lake and river

_ de_posn_s forming semi-consolidated layer of clay, sand and gravel, are exposed.

‘Soil and erosion

Soils in the_ basin can be classified into several groups with different characteristics
and fertility such as Vertisols, Nitosols, Cambisols and Ferralsols. The distribution
of those soil types is complex by receiving influence of extensive variations of

-5-



topography, climate, volcanic activity, underlying rock types, and weathering and
erosional processes.. The soil classxflcatlon also prov;des 1mportant so:.l
characteristics in terms of land use requirements. ‘

Although several types of erosion can be found around the PrOJect area, 1o severe
erosion has been reported in the basin mainly due to its high vegetation coverage by
- forests and tea plantauons Annual sediment loads are estimated at about
531,000 m3 at the dam site, or 0.168 mm/kmzlyear in terms of the denudanon rate.
But recent increase of human activities such as agricultural _1ute_ns1;f1catlon,
- monoculture, overgrazing and human set_tie'm.ent is accelerating soil erosion in the _
basin, ' '

2.2 Clim’ate s

'I’hc chmate of the Pro;cct area located in, the htghlands varymg from I 500 nm to
2,000 m abovc sea levcl is moderatc wnh relatively sma]l vunauon in temperature, rangmg _
from 19°C to 25°C throughout a year, whxle datiy tcmpcrature varies cons:derabty, ranging
~from 15°C 10 30°C. In the uppermost area of the basm howcvcr the mean minimum
temperature is very low, varying from 6.0°C to 10.9°C. Although night temperature is
considerably low, frost and hail have rarely been experienced.

Rainfall is abundant with an avérage annual ‘value of .1 .5{}0 mm to 1,600 mm,
varying from 2,000 mm in highlands to 1,200 mm in lowlands, The- Pro;ect area generally
experiences & bimodal rainfall distribution pattern, and the over-year varlatlon is
cons1derably Iarge despite the abscnce of remarkable dry months ' '

- 2.3 Water Quality '

“There cxists no avallablc water quahty data in the Sondu Rtver and its tnbutanes
Water samplmg and water quahty analyms were thus camed out m this Study The location
of samplmg stations and the’ results of water quahty analyms arc shown in Fxgurc 2.1 and
TabIe 2. 1 respecuvely

: All aualyscd physidchemicai paramcters show clean river Wétér al.though'its colour
is light brown. Water temperature in the Yurith River is shghtly lower than that of thc '
Kipsonoi River, and it is almost 20°C at the dam site. Total Dlssolvcd Solids (TDS) and
. Turbidity are rather high due to the existence of fme_scd_tmon_ts,m_ water. Dissolved Oxygen
(DO) is-almost at the saturated level, and Biochemical Oxygen Demand 'i(BOD) and-



Phosphate are low, showing that there is no severe threat of organic pollution in the river at
present.

2.4 Wildiife and Nature Conservation

1)

@

3

(4.

Vegctation _

'Natural vcgetatlon covers almost 50% of tho basm as shown in Table 2. 2 in which
_trees, bushes and grasses are mcludcd Natural as well as planted forests can be
found almost extenswoly in the South Western Mau. However, the vegetation
i coverage around the Pro;ect area is less than 30% mainly duc to intensive land use

by cultivation,

Aquatic flora

' Aquatic weeds of nuisance such as the Nile cabbage (E}_Sj_l_a stratiothes), the water
hyacinth (Bichoruinid crassipes) and the water fern (Salmenia molesta) were not

found in the upstream areas of the dam site, even in the reservoir areas of the

' 'c:';istilig snlall-_darhs, 1e..theJ einiji and Chagaik dams. However, those weeds are

commontly found in the swamp areas of the Nyando River, which neighbours the

Sondu River in the north, and in the lagoons around Kisurnu city.,

Terrestrial fauna

According to the inquiry survey, only common animals such as rats, squirrels,

lizards and snakcs can be found in and around the - Project area due to intensive land

use and low. vegctanon coverage, although several species of big animals can be
found in the uppermost areas covered by the dense forests.

: Aquatié fauna

- Thc field survcy on aquatlc fauna revealod that the actual densmes of macro-
mvertebrates were very low and varied greatly from place to place along the rivers

probably due to fast flowing in most places of the rivers and little opportunity for

'benthlc 1nvertcbrates to establish. In:the Jamji and Chagaik dams, however, macro-
_ mvcrtcbrates were plentiful due to thelr stagnant water conditions.

'Several groups of macro- mvcrtcbratcs were. found at the Magwagwa dam site

including may-fty nymphs (Ephcmgrgp;era) dragonﬂy nymphs (Qdonata), crabs,
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water beetles and Hemiptercus espccially'heotonectidae and corixidae. The survey
results of the aquatic fauna are _showh in Table 2.3.

Fish and fishery

The upper reaches of the Itare and Kitoi rivers are known as the habitat of the
mtmduced rambow trout, Salmo ;za:rdncrx which is a cold water ﬁsh in the
temperate zone and was mtroduced to the h1gh mountain rivers of Kenya The trout

ﬁsh are recorded in small numbers in both the Chagaik and Jamjl rcservous located
"in the Yuruh RIVCI', but not able 1o live downstream of those reservoirs because
_ water temperature usuaﬂv rises above 20°C which is the uppcr llmlt m temperature :

for survival,

‘Other ﬁsh species found i in the upstream nver courses are the large mouth black
- bass, Micropterus salmmdgs, Clarias m gssgmbtcus sevcrai species. of tilapias,

L ge_mb_rgﬁm spp- The Jamji and Chagaik dams are nch commumtxes of tﬂap:a fish,
R Orcochromls spp., Barbus. and mosqultoe flSh Lgblstes, as well as cat fish,
.. Clarias. The black bass was mtroduccd in the Sondu River and is recorded all the

(6)

wiy. down to Lake Vlctona :

The fish communities are poor not only in the K1pson01 and Yurith rivers but a]so at
the reaches after their conﬂuence, i.e. the proposed damsite area. Only a few =
specimen of Clarias mossambicus, Orcochromis species are tound, but Barbus sp., -

“-Labgo sp. and Lebistes sp. are recorded in this area. The fish ‘communities
" upstream of the Odino Falls are not tich and the spemes vanety is low due to the

fact that the Odmo Fallsactas a permanent physical bamer for fish’ mlgrauon from
Lake Victoria to the uipstream areas. of thc Sondu River. o

Substantial river flshery actlvmes are not conducted by the local peoplc in and
around the Pro_]ect area due to rapid river flow of the Sondu Rivcr, although small -
scale fisheries are found i in the lower reaches of the Sondu Rwer and the Ia.ke shore

areas of Lake Vlctona
~ Nature conservation

~Although no national parks and game reserves have been designated, several |
- gazetted and ungazetted forests can be found in the basin.  Gazetted forests are
South Western Mau, and Western Mauin the upper reach areas of the basin, and



2.5

1)

2)

the ungazetied forest is Miriu. The location and area of those forests are shown in

. Figure 2.2 and Table 2.4.

-Pub!ic' Health .

Generally, the geographical and climatic conditions of the Project area, which are
high in altitude and cool with ample rainfall, are favourable for environmental health
particularly in regard to prevention of 'some vector borne diseases, nutrition and

water accessibility.

Watsr use

Water for domesuc use is mually collected fro“n small nvcrs and sprmgs near
v111ages, most cases wnhm 500 m in distance, which are also used for watcrmg for
thelr livestock. Samtatlon is-rather poor and a few households use pit latrine. Thus,
waiter from rivers and springs is often contaminated with human and livestock fecal
bacteria. : -

Morbidit’y and vector borne discases

Morbidity patterns in and around the Project area were collected from health
institviions as given in Table 2.5, showing high malaria transmission throughout a
year. Malaria occupies one of two in the out-patient disease frequency in the area.

The most common vector in the area is Anopheles gambiae which is known as one
of mosquitoe vectors of malaria. Major breeding sites of this mosquitoe are not

rainpools formed by surface water, but small exposed slow moving springs and
~ streams because of the well drained conditions in the area. The Study area has been

reported to be free from the denguc fever.

Several species of snails which are known as vectors of Schisiosoma mansoni were
“found around the Project area through the ficld survey, resulting in potential of a

threat to the health of local people. Simulium neavei which is known as a vector fly

of onchocerciasis was not found in and around the Project area. It is reported that

the onchocerciasis was eradicated in 1952 in Kenya resulting'in no threat for this

‘disease in and around the Project area at presem
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Health facilities

The number of the existing health facilities in Kericho and Nyamira Districts is
shown in Table 2.6. In Kericho Dlsmct the facilitics located near the Progect area,
within 10 km of the reservoir arca are two (2) hcalth centrcs two (2) sub-health
centres and eleven (11) chspensarles Although the constraints on budget and skilled

‘personnel are noted; the local people lived on the rlght bank of the K:psonm River
- appear well served with health facilities.

In Nyamira District, the facilities near the Project_ area are three (3) health centres

“and two (2) dispensaries. Since Nyamira District was established in 1989, those

facilities are far from satisfactory and their services are-also in course of

' developmem and reorganization. Thus, the health facz]mee near the Pro;ect area are

considered inadequate for the present populatlon of the area. :



Ifl,  INITIAL ENVIRONMENTAL EXAMINATION (IKE)
3.1 Methodology of IEE
1EE is the ﬁrst.approach of EIA by scoping, and the results of IEE should lead the
detailed Environmenial Impact Assessment (BIA) carried out in the next study stage.

* A checklist method was applied as a basic tool for YEE in this Study because it is
one of the useful initial tools for ide_:ntifid'aﬁoﬁ of impacts and evaluation of magnitude of
them. The checklist was prepared by using items of environmental effects as rows and
ecological regions as columns. The expected effects were evaluated with the gfade of A to
C, each of which has poéitivc and negative for each component. The items of 24 items
related to the natural environment were sclected as given in Table 3-1 taking into
- consideration the features of the Project and the Environmental Management Guidelines in
| Kenya. | | |

. 3.2 Ecological Regions

TIn order to specify locations of expected iinpacts_, the study arca was divided into
the following four ecological regions as illustrated in Figure 3.1 based on the characteristics
of impacts caused by the Project:

- Region I - Catchment area:- : . _
This region lies in the upstream ca_tchinent area of the dam site including the two
" sub-basins of the Yurith and Kipsonoi rivers and the South Western Mau Forest
* . zone. The total area is about 3,160 km?2.

- Region 1l - Inundation area: _ y . _
This region occupies the area to be submerged in the reservoir including the
quarry sites and access roads. The total inundation area is about 26 km2.

- RegionHI - River flow reduction area:
This region is located in the riverine area extended between the main dam and the
- power outlet, where thé reduction of river 'ﬂ.o".v will be experiencéd as aresult of
the diversion of river water. 3

- Region IV - River flow fluctuation area: *



‘This region comprises the riverine area extended from the pbWer outlet to the'
intake of the Sondu/Miriu scheme, receiving the influence of flow ﬂuctuanon
caused by the proposed peaking operation of the Magwagwa power plant.

The areq downstream of the mtake site of the Sondu/’Mmu scheme and the nngauon
area of Kano Plain are excluded in this Study, because those areas must be covered by the o
'Envxronmental Study of those schemes. It is however noted that the construction of the
Magwagwa dam will cease the development of sand dunes extended in Nyakach plam due
to arrestmg effects of the reservoir for suspended and bed loads camed from the upsiream
areas by tractive force of flow.

33 Results_of IEE |
(1) Preiiminary assessment of the impacts

The results of IEE are shown in Table 3.1 with the prehmmary evaluatlon of
expected effects, and are summanzed hereafter: R

A) o Pi‘dbleﬁis_ due to the leca'tion" -

Nine environmental iteins were examined based on the existing data and the -
field reconnaissance, and no negative effecis are expected to cause by the
Pro_]ect except for the health fac1hty utilization. e '

. Watershed erosion;, which.would bring-about increase of sediment_-inﬂbw into
the reservoir, is evaluated as a neutral, because the soil erosion: and sediment
runoff are not currently senous m the basin, resulting in not causmg serious )
impacts to the Project. No mmmg, forestry and nawgauon activities are

- conducted, and funhermore there are not any Important historical remalns and
assets, precwus ecology and nature conservation' afeas to be affected in and '
around the Project area. '

- No effects are expected on fishery and on migrating activities of fish, because
 the river fishery is not conducted. in the upstream area of the Sondu/Miriu
intake and because there are not eéoﬁo’mic'a_lly and academically'valuabie fish
which would have migraing activities in the river due to the existence of the

Odino Falls which has blocked them from Lake Victoria.

-10-
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~ Disturbance of health facility utilization for local people is considered to be
“only one negative impact caused by the Project. Not being enough and
‘adequate, the health facilities are importént for the local_peoplc because of
high morbidity in the area. The proposed dam and reservoir are expc'cted to
“cause significant effects o the utilization of the existing health facilities.

“Problems in the construction stage-

~In general, impacts during the construction stage are temporary, and it is

possible to take countermeasures to reduce those effects. Thus, the magnitude

- of the expeéte{i effects is considered relatively low.

Soil erosion and water quality deterioration by various kinds of civil works
are. expected to cause some effects to the downstream area, especxally to the

‘water supply facility near Sondu village. Increase of vehxcles durmg
- construction and submergence of roads would cause difficulties to the existing
.transportation systems. A lot of workers and labours coming from other

regions would also raise the potentlal of communicable dlsease prevalenr‘e ‘

- i‘,_,However those lmpacts are unavoidable during the constructzon of the dam,

80 that effe:cuvc and practical countermeasureq such as regreening of sites,
~preparation of sediment ponds, relocation and reconstruction of roads and

other public facilities should be taken to reduce the magmtudc taking

mc.onvemcnce of the local people into account.

Probl;:ms in the operation stagc .

' Among eleven enwronmcntal 1tcms exammed in thls Study, the spread of
vector bome dlseases cspccmlly maiana, is expected to cause serious effects

in and around the Project area.

Change of water temperature, water quality deterioration in the downstream

- area due to the reduction and fluctuation of river flow, and eutrophication in

the fesc:_rvoir are cqxis_idc_:’red_ to be the major impacts caused by the Project.

'Sinbc there.is the intake of the Nyakach water supply project which would be
' gffccted by the Project, a new intake facility is needed to be constructed to

ensure its function. Also the maintenance flow of 0.5 m3 is planned to release
from the reservoir for _thé local use of river water. Therefore, no serious
effects are considered in terms of the water use conflicts.

-11-
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'Figure 3.2 shows the expected‘change of the river flow regime at 1JG1 and
the dam site. The existing. ecosystem, especially aquatlc ccosystem, is
cxpcctod to be altered drastically due to the change of the existing river flow
regime by the Project However, the biota living in and around the Project
area are common in the region and in Kenya, and there are-no valuable species
‘economically and academically to be affected in the area. Therefore the
magmtude of the effects on the ecosystem is cxpected 1ns1gn1f1oant and is
evalvated as neutral, o

Channel erosion in' the downstream area and riverbed aggradation in the

backwater area are expected to cause neuniral effects, because the sediment

runoff of the Sondu River is not so large, about 531,000 m3/year at the dam

site, and the riverbed gradlcnt is not favourable to cause the riverbed
- aggradation due to the supcrcrmcal ﬂow in the 'oackwatcr area of the
' reservon‘. ' '

The etfects of the micro-climate change due to the feservoir are expected to be
neg‘ligibl'cz, pa’rtiouliarly; considéring the small size of the proposed reservoir
area of 26 km?. Also fio significant effects related 1o the m:cro-chmatc change
are reported from the existing reservoirs in Kenya Thus, the effects of the
micro-climate change due to the reservoir are evaluated as neutral.

Fishery and recreation are ckpeéted_'to bﬁng‘ about positive effects to local
people, because the Project would have the potential of the reservoir fishery
and the atiractive tourism spot. Sitice the reservoir fishery is considered
_important and would be appropriate for écohomic developmcrit around the
_ Pro;ect area, the further study is recommended to clanfy 1ts potential and to
prepare dctaﬁcd development plan of the rescrvou' ﬁshery

Environmental items to be assessed in EIA

“Taking the results of IEE into accoﬁnt,‘t’ho_foﬂowmg' five environmental impacts are
“considered to require the more detailed assessment in order to evaluate the
magnitude of the effects and to propose necessary countermeasures:

-12-



Environmental Item

(a) Water Quality

~ (b) Public Health

Impact - Ecological Region

Change of water temperature -V
‘Water quality deterioration in - IV
the downstream area

Eutrophication -~ - : -1I
Spread o_f vector borne diseases -1, 10, IO
Disturbance of health facility - -LII
utilization : ) _

-13-
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- L‘NVIRONMEN’I‘AL IMPACT ASSESSMENT (EIA)
Change of Water Temperature

Siratification in the reservoir

A formation of water téfnperatufé stratification would be considered in the proposed -
reservoir because its retention time (Annual inflow/Active storage volume = 1,324 x
106 m3 / 625 x 106 m3) is about 2.1 times/year and the existing Jamji reservoir
located about 20 km upstream of the Pro;cct site shows clear stratification (refer to

Table 4.1.).

Ch__ange of water temperature

In the case of the _Janiji dam, water temperature of the surface area is 21.5°C, but is
declined by 4.3°C in3m deep, resuhing in 17.2°C. Water temperature of inflow
into the reservoir is 17.1°C, and therefore water temperature of outflow from the
reservoir is assumed to -be aimost the same as that of inflow when water is
thhdrawn from the bottom area of the reservoir. |

Water temperature of outflow from the Magwégwa rescrvoir would be around
18°C, because the intake facilities which would be constructed at 1ts bottom arca
could catch the layer of colder water. Water returned from the pawer plant to the -
Sondu River would flow down about 15 km to the Sondu/Miriu intake and would
be expected that water temperature goes up by about 1°C: Consequemly, water
temperature released from the Sondu/Miriu power outlet would be around 18°C to
19°C. ' ‘

Effects on water uses

In the ecological regions IH and 1V, river fishery is not éondUCted, S0 tﬁat no
serious effects are expecﬁte_d. by this small change of water temperature caused by the
Project. Therefore, the major effects dué to the change of water temperature would
not occur on the fishery in ¢ and around the river mouth area and the préjéct area of
the Kano irrigation scheme., Since the magmtude of those eifects depends on the
existing conditions and the featutes of the scheme, the evaluation’ of thc 1mpact
caused by the change of water temperature should be conducted on the
environmental study of respectwe schemes, the Sondu/Mmu and the ‘Kano
mngauon

-14 -



4.2 Water Qu’ality Dete?ioratioh in the Downstream Arca

-In the operatlon stage of the PIOJect the deterioration of water quahty in the

downstream area, especially in the ecologlcal region 111, is expected due fo the reduction of

tiver flow.

)

(2)

Assessment of BOD concentration at 1JG1 after the completion of the reservoir

Average river flow at 1JG1 (near Sondu village) is now 42.0 m3/s but wouId bc
reduced to 0.7 m3/s by the Project. Accordmg to the exlsnng water quality data
shown in Table 2.1, BOD concentrations at the dam site and 1JG1 are 1.0 mg/l and

- 27 mg/l. Therefore, the concentration of BOD . at 1JG1 after the completion of the

dam would be roughly estimated at 6.8 mg/l1 by using the following equation under

- the c_b_mpl_e’te mixture concept without any consideration of self-purification effect:

Co= (L1+L2)/Qo = 6.8 (mefl)

where: o . : L .
Co(mg/l) : BOD concentration at 1JG1 after the completion of the dam,
Qo (m3/s) : River flow at 1JG1 after completion of the dam. It is about

o 0.7 m3/s including the maintenance flow of 0.5 m3/s from
: e thereservolr, o o : :
L1 (g/m3.s) : “BOD load from the Teservoir, given by 05 (m3/s) x Cl,
'CI (mg/) ¢ Bod conccntrauon at the dam site; 1.0 mg/fi,
L2 (g_/m3.s)' : ~ Additional BOD load between the dam site and 1JG1. Itis
. - given by (C2 - C1) X (Q2- Q. :
C2(mg/M) : BOD concentration at 1JG1, 2.7 mg/l,
Q1 (m3s) : Average river flow at the dam site, 38.5 m3/s,
QZ {n13/s} 3 Avefage river ﬂ’ow at 1JG1, 42.0 m3/s.

Thus, the concentratlon of BOD at 1JG1 could be expected to.increase to about
4m g/l after the c0mplet10n of the Pro_}cct -

Effects on water uses

The expected BOD concentratlon at IJGI 6 8 mg/l, is consxdcrcd to be in thc
'acccptabic level as a source of drmkmg water if treated by normal trcatment

facilities. No river fishery is conducted in the ecological region 11, resulting in no
expectation of effects on water uses in the downstream area by the Project.

15



4.3

However, the potential of water contamination by human and livestock fecal

‘bacteria could be increased considerably, so that it is recommended that the existing

intake facility of the Nyakach Water Supply Pm;ect at Sondu vﬂlage be replaccd to
the powcr outlet site.

As for the effects in the ecological region IV, water is returned to the river channel

- from the power outlet, so that any sagmﬁcant effects are not expectcd besuies flow

ﬂuctuanons

‘Eutrophication

A drastic change of water body from lotic ) le'ntic-condi_tit_)'n'.iﬁ the proposed .

reservoir area, i.e. the écological region 11, would be caused by the Project. Although
eutrophication of water body is 2 process of natural limnological phenomenon, the
exceedmg eutrophication of the reservoir may cause some damagc on use of water for
dnnkmg by occurrence of odor or increase of Manganese concentration, and on operation
of reservoir and fishery in the reservoir by prohferatloﬁ of phytoplankton fresh water
bloom and occurrence of anaeroblc condltlons '

&Y

Assessment of eutrophication in the reservoir

The potent.ial of eutrophication 'n"(')rmally depends.on the inflow of nutrients and the
characteristics of the reservoir. Therefore, preliminary assessment was conducted
by using Vollenweider Model given by the following equation:

Le= [P]c (Zx@ +7Zx g/p)
where: .

Le (gP/m2 yr) - Annual phosphate surface load, - ,
Pc (z/m3) :  Concentration of total phosphate of inflow,

“Z(m) - _+ - Average depth of the reservoir, given by V/A, -

V (m3) : Active storage volume, 625 million m3,

A (m2) : . Surface area of the rcs_érvoir, 20 million m2,

@ (times/yr) - : Retention time, given by Q/V '

Qmdyn | Annual inflow to the reservoir,

Vp(m) Sedlmentatlm velocny coefficmnt normally glvcn by

1072
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The concentration of the total phosphate in the inflow is considered less than

- 0.03 mg/l, because the concentration data of PO4 obtained from the water quality

analysis at the dam site shows about 0.01 mg/l. In the case of assuming the

* concentration range of 0.01 to0 0. 03 mgA, the annual phosphate surface load (Lc) is

estimated to be fallen in the range of 0.65 to 1.95 gP/m2 yr. Plotting the estimated

-mnge on the Vollenweider Model Fi igure as shown in Figure 4.1 reveals that the
" proposed reservoir is not likely to be eutrophlcated so long as the mﬂow of 0rgamc

poliutants would not be mcreascd rdpldly

At present, large scale development prqiects which could bring about serious water
pollutién_ are not planned in the catchinent area, i.e. ecological region I. Moreover,
the experiences in other dams of Kenya which were constructed in similar
conditions such as Masinga dam, Kamburu dam and Kirandich dam, also support
that the Magwagwa reservoir would not be eutrophicated seriously causing

‘problems, ‘because no serious effects caused by eutrophication have béen
- experienced 'on those dams. Consequently, it is expected that the potential of

entrophication would be low and no significant effects would be caused by the
Project.

Other consideration related to e’ixtrophication

- The nvcrme vegetation would be submerged over about 3 km? by the reservoir.

4.4

Thc submerged vegetauon would soon start to bio- degradc, and there will be rapid
increase in nument to the water from the dccomposmon of the vegctauon detritus

and nutrient nch soxls of the formcr farm lands Since it could bnng substantial

mcreasc in Ievcls of orgamc mat ters, he concentratmn of the dissolved oxygen

~ would drop prcc1p1tously, and the water in the reservoar would probably start the

oocurrencc of hydrogen sulphide and methane assoc:lated with anaeroblc condmons
Although this effect is dlfﬁcult to assess the magmtudc quahtauvely at present, the
cutting and removal of the existing vegetation are recommended to reduce such a
negative potential,

B 1

_ Vector- Borne Diseases

Since thc potennal of prevalence of vector borne daseases is consulered rather high

through IEE, more dctalled field survey was conducted thh the ass:stancc of the Division
of Vcctor Bome Dlseases (DVBD) of the Mxmstry of Health to speclfy the diseases and
vectors to be sprcad m the wologlcal reg1ons I Il and III

-17-



44,1 Vectors in the study aren

Table 42 shows a hsi: of mosqmtoe, mollusc *md srmuhum fly spe(nes found in the
survey. Among the identified mosguitoes, only Anopheles gamgla isa common vector of
malaria and several various diseases. Considering htgh morbldlty from malana in the area, -
this mosquitoe must be one of the major U'ansmrtters of malana Small exposed springs and
slow moving streams are considered to be the major breedmg sites of them in the ecological
regions I and II, because those regions are rather we}l drained as a result of slopy terrain,
and the mosquitoes are rarely found in rain pools formed by surface water.

'{‘wo spec1es of molluscs were found in the fleld survey One of them,
Bxgmphalarta Qfetfferl ‘is an 1ntermed1ate host of the human mtestrsncal bﬂharma worm
Schtstgsom mansont and the other one, Lvmma natolensts is the mter’medlate host of the

liver parasite, Fasc1ola, hepattc However recalling the low morbrdlty, none of these two
mollusc, borne diseases is a great threat in the area at the moment. Although three species of
Simulium flies were found in the freld survey, they are not linked with transnnssmn of

human diseases.

4.4.2 Effects on morbidlty'by the Project
(1) Mosquitoe vectors

A_I_l_gph_ele_ g bla e was conﬁrmed durmg the ﬁeld survey 1n slow movmg streams
in the area, A gam b1de breeds i in any collectlon of water, if exposed to the sun,
~ such as puddles, ptts, wells and pools in rtver beds The expected fluctuation
- pattern of the water level in the proposed TeServoir as shown in Figure 4, 2 and the
| reduct1on of the river flow i m the downstream area, 1 e the ecologtcal regron I,
wouid favour the proItferatron of this mosquttoe Therefore, the morbldtty of
| malarta would be expected to mcrease and the effecuve countermeasures are needed
to reduce ltS magmtude for local people ' R

2 Schistosomiasis

Schistosomiasis would not seem to be- a Serious threat to the h‘ealth of local people

in spltc of the recovery of transmitter snalls in the area. The cold climate i in the area

presumably slows down the development of the snall stages of the worm and

: ieltmmates the water stages rapldly However it is recommended that the

| zmprovement of a state of hyg:ene and samtatron 1n ‘the area, espec1ally durmg the

- construction stage, be condiicted becausé the vector, Schistosoma mansoni, could
be spread through fecal contaminated water.
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4.5

-

@

Zoonoses -

‘The transmission of animal diseases cémmunicable to man (Zoonoses) is not
-expected to be caused much by the PrOJect because local people have already been
- living close to their domestic animals and no serious zoonoses has not been

reported so far in and around the Project area.
Distur_bahce ‘of health facility .utili.zation _
Utilization of health facility by local people

The numbers and types of the existing health facilities in both Kericho and Nyafnira
Districts were described in Section 2.5, Public Health In order to understand the
utilization of those facilities by local people, a questmnnalre survey was conduc red
in the Study. The results are shown in Table 4.3,

The majority (264 in number or 48%) of sampling cases secks medical services
from the health centres, while the second large number (128 or 23%) of cases uses

'dispensaries. Only the smaller number of cases (60 or 11%) seeking medical

service in the District Hospiial might be explained by the deterrence of the distance
from residence to those. h(}spitals which could be taken to have better services.
Thus, the health centres and dispensaries are considered 1o be 1mp0rtant health
facilities for the local people in and around the Project area.

Effects on health fzic'ility utilization by the Project

Since the 'dismpiiOn of the existing transportation system caused by the Project
would cause various kinds of inconvenience for the local people, the relocation and
reconstruction of the existing infrastructures should be conducted under the
responsibility of the Project fomiétion.' The proposed relocation plan should also be
prepared taking the existing health facility utilization into account.

Utilization of health facilities is closely related to accessibility of such services to the
local people Figure 4.3 shows the location of the existing health facilities and the
alignment of the relocation roads and bridges with careful consideration of
accessibility to the health facilities. The proposed alignment is considered acceptable
because no serious inconvenience to the local people would be caused through the
viewpoint of the utilization of health services.
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Effects on the capacity of health facilities

The population movement caused by the Project anci the possnble increase of vector
borne diseases would result in increased utilization of health services. A sudden

“increase of patients in the aréa would overwhelm the” alrcady strained health
* facilities. The current dispensaries under poorly staffed and meagre equipment

could not cope with the health problems of the area even at present. Therefore,
setting up curative and preventive services for workers should be considered to

" avoid the confusion on the existing health service system for the local people.

=20



V. CONCLﬁSION AND RECOMMENDATION
5.1 Conclusion of the Natural Environmental Study

Several 1mpacts are expected to cause negative cffects on the natural envaronment
through IEE and the following EIA reveals that only the effect on the public health,
especmlly spread of vector borne dlseases is considered s1gmficant, and others are not.
However, the effect of the vector borne dlseases could be reduced its magnitude by taking
appropriate countermeasures. Therefore, it is concluded that the Project would not cause
any unavoidable effects on the natural environment in and around the Project area.
Consequentiy, the proposed Pro;ect is considered acceptable through the viewpoint of the
natural environment.

5.2 Recommendations
5.2.1 Recommendat'ims for cOuﬁtermeasﬁres

.The items that countermeasures should be taken to reduce their magnltude are as

follows

- Impacts during the Construction Stage,
.= Nector Bome Diseases,
- Health Facilities.

The detailed considerations are described hereafter.
(1)' Reduction of fnagnitude Of'impacts during the construction stage

During the construction stage, the several effécts are expected to be caused by the
, Pro_leci; although all effects would be temporary. Since those impacts are not -
expected so special, it is cons1dered enough to take ordmary and comrmon
countermeasures fora _dampro;ect. Therefore, regreening and replanting activities
___in the excavated areas, quarry sites and borrow pits, preparation of grid chambers
- and sedimentation ponds and security management of traffic accidents for the local
‘people should be conducted to reduce the magnitude of effects caused by the
Project. ' '
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Control of vector borne diseases ~

Malaria is expected to be the main problem: caused by the Project. With the
conﬁnnauon of the presence of the mosquuoe, A gﬂglb_l_ge it xs expected that the
incidence of malaria could increase around the Pro;ect area Therefore, :

' surveﬂiance of diseases, comprehenswe control éfforts and health educatlon to the-
"Iocal people should be emphasxzed and also the d1seases among the mig,lant
' 'workers should be paid partu,ular attention. ‘

" The malaria control ih and ai‘duh_d't'he Projeci area Shbuk_i include epidén1i:t)10gi'cal .

surveillance which would also help assess the effectiveness of the control measures
to have taken. The surveillance must include a survey of spleen rates, blood parasite

 rates, fever cases in hospital and clinics, and vector survcy mcludmg dissection of

female mosquitoes for presence of sporozoites. Moreover the specific malaria

~ control measures such as control of breedmg sites, use of msectlcides and use of

antimalaria drugs for prophylaxls and treatment should be conducted
The key points of the malaria control for the Project are'summaﬂzed hereuhder; SITEI

- Chemo-prophylaxis and chemotherophy of all migrant{‘wmke_rs"should be
conducted. Chloroquine remains as a drug in Kenya, -although some of
Plasmodium falcipgmm; have been noted the low level resistance 'in__the' lake
shore area of Lake Victoria and the coastal areas of Kenya. |

- Indoor spray of residual insecticides such as organoc'hlorihc and/or
organophosphorous compounds or carbamates must be applied: to the houses
where mediafed mosquitoes are det_ected abou_t every three months.

- Physu.al control of breedmg places such as ellmmanon of swamps and water

" pools near the 1oca1 res1dences should be COnducted

o Biological co;;trol methods st bé apphed that s, mtroducmg and seedmg of

fish, such as 11@2 a zilli zilli as a larval eater m the reservou wouId bc effecuve to

‘control the populatxon of mosqmtoes
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5.2.2

~ Improvement of health services

The Project would need to establish its own preventive and curative health facilities

especially for the workers engaged in _dam construction. This could also absorb

some of the pressure of patients in the existing facilities which might in any case be
inadequate to cope with further population influx. It would be more effective to
es_tabl_ish those facilities in cooperation with the existing health service improvement
plan prepared by Ministry of Health, because a new 'health centre would'be needed
at Magwagwa where there is only an inadequately facilitated dispensary,

Recommendations for further study

Development of reservoir fishery should be considered in more detail because the

| proposed reservoir would have enough potent:al for ﬁshery and because the development

- of fishery. would prowde a iew protein source and an opportumty of economic acnvmes to

the local people Therefore, the further study related to the development of reservoir fishery

would be recommended to increase the | posmve effects caused by the Pro;ect as much as

possible.

1

Potential of the reservoir fishery

' The fish species and composition which could be developed in the Magwagwa

)

reS_ervoifare Barbus sp, Tilapia spp., Oreochronims spp., Alestes spp., Labeo
spp., Lates n_i]'oticus (Nile perch). However, if any introductions of non indigenous

fish species such as Tilapia zillii, were made, it could ensure firm production which
would have more economic values. In any case, however, the dominant fish
species would be determined ecologically by interplay of limnological factors.

The annual 'p(')tehtial' 'yliel'd of fish in the lower Sondu River was estimated at about

1,000 tones (Ochumba. & Manyalla, op. 1979), so that this would be a good
* indication of the fish production in the proposed reservoir, Table 5.1 shows the
' potenual fish yreld of several man-made lakes in Africa for reference. Based on
_these data, the potentlal fish production in the Magwagwa reservoir would be

roughly esttmated at about 160 tones per year.

Key points of the further study

- Since the evaluation of potential d'esc:'ibed above is only an indicative estimate

without any specific data related to the reservoir fishery, further studies focussed on

-23.



the following poirits" should be conducted to evaluate the potential in more detail and
clarify the optimum level of the fishery in the reservoir:

- Available f;shcry area in the reservoir taking the fluctuation of water levei into

'account,

- "Determination of fish spec:cs to be mtroduced in the TeServoir and the ecological
charactcnstlcs of them, o

- Esnmanon of the production yield in the rescrvmr and recommendatlon of _
practical and cffecuve fishery methods, T

. 'Evaluatlon of the cconomic vaiues of the fxshery actlvmes m the reservon‘ with
_consxderauon of the market survey and the habxts of the tocal people, _

- -Preparatmn of the reservo:r ﬁshery devclopmcnt pian mcludmg neccssary
infrastructures and cost-benefit analysm
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Table 2.4 Gazetted and Ungazetted Forests in the Sondu River Basih

Forest Naine__ o Area (ha) District - Status
South Wesiern Mau (Itare) - | 86,870.9 Kcricho (G) Government
Western Mau 19,833.3 Kericho | (G) Government
Miriu 5 171.0 | South Nyanza | (UG) Trust

Note . G=Gazetted, UG = Un- gazetted

Source  : Forests of Kenya, Forest Department,
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Table 2.6 Number of Health Facilities

" . Health | Di .

- Owner Hospital rCezE:tre lﬁg&i@ Nursing Total
Kericho District R )
- Government B T R § B . ¢ e 67
- Mission 3] 4 2 0. 9
- Company or Private - | 1 0 ‘_:51‘ -2 54
Sub-total 7 15 | 106 -2 | 130
Nyamira District R | N s |
- Government . S U Y R IS 0 22
- Mission 0 6 4 0 10
- Company or Private 1. 0 2 0. 3
Subtotal L2 |1 | 2 0 35
Total L 9 27 127, 2165

Source: Ministry of Health (1987)
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Tat;le 3.1

Results of IEE

i ;Environmcmal'l'tem:
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‘| A) Problems due to the Location

B)

0

Repreciation of forestry

~ Historical rerains/Assets
Watershed erosion
Navigation
Migrating valuable f:sh
Precious ecology

RN RN

Problems in Construcuon Stage

- Soil erosion
2 Water quality deterioration

3. Disturbance of transportation

4, Communicable diseases

Problems in Operation Stage .

Inundation of mineral resources

_ National park/game reserve
' Dlsturbance of health facility use:
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Microclimate change
‘Change of water temperature
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Eutrophication

Precious ccology
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@

i Upper side is the cxpected effect, and lower side is its magnitude.
* ;. Norelation considered.
0 : Noeffectexpected,
+ : Positive effect expected.
- Negative cffoct expected.
= Neutral effect expected, i.e. there may be a change but such change will be neither benefitial
: - nor harmful. - ‘

H A Effect which has relatively high level of magnitude,

B : Effect which has relatively medium level of magnitude,

C :  Effect which has relatively low level of magnitude.

4  The folldwing items are to be examined in the Social Environmental Siudy of Lhé 'iject.
~ - - Rescttlement, Cultural tribes, Loss of communily, Compensation, Land use, and Land value.
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Table 4.1

Vertical Distribution of Water Quality in the J amjigReservoir

De.p'th.

.Item Unit : :

. Om 05m.| 1.0m | 15m | 20m ! 24m | 30m
W.Temp | °C 215 191 186 177|176 175|172
pHl — 7.0 7.1 7.1 724 70 . 70 70
DO mg/l 8.6 8.9 8.8 8.8 88 89/ 89
BODS mgh | 200 21| 21] 20 21 22 22
NNO3 | mgd | 19 2l 2| 21 19 isf 18
N-Noz [ mgi | 0ol oo 0ol ool 00 oo 00
N-NH-4 | mgl | 001] 001 o001 o001 o001l 001 o001
P-PO4 mgl | oot oo1f ool oo1] o001 o001l 001
TDS mg/l 190 - 170f 190} 180 17¢|  190] - 190

Source : JICA Study Team
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 Tabled?2

A List of Vectors in the Project Arca

Sampling Place™ [Spring Swamp Rainpool
' Stream & River

Mosquitoe

-Anopheles gamiae 9 Nil Nii Nil
-A, christyi 39 Nil 1 Nii
-A, demeillon 8 Nil Nil- -Nil
-An, cincreus Nil 1 Nil Nil
-A. symesi Nil Nil 1 Nil
~C. charleyi : 2 Nil 0 Nil
-C. tigripes 3 Nil .4 Nil .
-C. perfuscus Nil Nil 2 Nil
-C. duttoni Nil Nil 18  Nil

-C. rubinotus Nl Nil 14 Nil
-C. vansomerini 15  Nit ' Nil
-QOthers Nil CNil 9 Nil

- IMollusc (snails) :

-Biomphalaria pfeifferi 22 Nil ~Nil Nit
-Lymnea natalensis 15 50 Nil Nil
Simulivm Fly

-S. medusaforme _Nil 17 Nil 41
-S. cerriconutum Nit 1 Nil Nil
-S. vorax Nil Nil Nil 8

- Source; JICA Study Team
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Table 4.3 Results of Questionnaire Survey of Health Facility Utilization

Typeof facility | o ORePIsOdes ) o (gp)

1) Health Center | 264 482
2)  Dispensary 128 234
3) - District Hospital _ _ 60 B & X1
4) - Self medicated ' 40 13

5)  Nomedication : 18 33

6) ~ Traditional Healer - 3. : 1.5

7)  Not specified - T L3

8)  Other services ' 22 4.0
Total B osa7 1000

Sdutce: JICA Study Team
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Table 5.1 Potentiél Fish Yeild ub Several Reservoirs of Africa

Name of Dam Yield(kg/ha.yr)

1)  Volta dam (Ghana) 32.77
2)  Nasser-Nubia (Egypt & Sudan) © 40.40
3)  Kainji (Nigeria) : 34.60
4)  Kariba (Zimbabwe & Zambia) . 23.20
5) Mwenje (Zimbabwe) 42,10
6) Darwendale (Zimbabwe) 53.60
7)  Mcllwaine (Zimbabwe) 54.10
8) Claw (ZImbabwe) 54.20
9)  Mazoe (Zimbabwe) _ 75.20

Average 45.57

Source: Adopted from Kapetsky & Petr (1984)
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I. INTRODUCTION
1.1 Backgmund :

'1‘he soual envuomncnt study ( hereafter called "the Srudy" ) as a component of the
Feas,lblhty Study on Magwagwa Hydropower Development Project (the Project), is to
assess the soundness or. v1ab1hty of the Project from the social, cultural and economic
points of view, focussing on the local people dircctly affected by the ;mplementatlon of the
Project.

_ One of the most critical issues in the Study is the displacement of the people mainly
due to the submergence in the Magwagwa teservoir. There would be considerable
numibers of households to be evacuated by the Project, say 700 to 800.

Needless to refer to the recent tendency of dam development in the world, itis a
"must" for implemcnt_ing organization and planners to carefully take care of the displaced
people after the evacuation, because those people would be forced to move or involuntarily
resettle in other areas. As has been often the case, the minimum requirement for the
involuntary resettlement is the provision of alternative land as the compensation grant.

-*- The form of resettlement, or "land for land" approach can be justified also from the
legal point of view in Kenya. Resettlement is considered allowable in situations of
compulsory land acquisition for the purposes of large development projects like the Project
in context of the land- based (i.e., Iand for land) compensanon strategies under the Land
Acquasmon Act

o Followmg the above discusswns at least two prmuples on the involuntary
resettlement can be adopted as shown below:

S To'imp_i‘évé, or at least maintain, the displaced people's stan’dard_s of living, and
‘= To minimize the socio-cultural and mental damages on the displaced people
involved with the resettlement. ;



1.2  Objectives of the Siudy

~ As mentioned in the previous sub-section, the Study aims to assess the soundness
of the Project from the local people's point of view in terms of socio-cultural and economic
aspects. The main 'objectives of the Study-ean' be summarized as follows:

- To clarify the current condmons of the socio-econoriic characteristxcs in the
- affected areas, ' S
- To analyse social and economic impacts of the Project,
- To prowde basic data and information concerning compensatmn and
counterineasures mcludlng resettiement, and R
-~ To recommend further studies. '
Thus, the Study has a limitation in that it cannot cover all the necessary items to
unplement the countermeasures mcludmg resettlement :

1.3 Methods of the Study

The Study is mamly based on the field surveys in the reservoir and its vxcmlty
areas, which will be defined in Sub-section 2.1. The field surveys mainly consisted of
household survey, observation survey, interviews with officers, chiefs and assistant
chiefs, etc. | '

l‘he household survey covered nearly 800 households in the above areas, and each
household was asked to answer the questions in structured form of various fields The
interviews covered almost all the households in the reservoir and surrounding areas in
Kericho side. In Nyamira side, however, they could cover only a portion of the affected
households, estimated at less than 60% of the total. '

The Study, espemally the household survey, analysis on exastmg conditions and
compensanon/resettlement SUrvey, Owe. much to African Development and Economic
Consultants, 1.td., a local consulnng firm in Kenya



II. EXISTING CONDITIONS
2.1 Study Areas

The impact arcas, or areas where those who would be affected by the Project, may
be categorized into the following five areas:

(1) Reservoir area;

(2) | ,-‘_Vicini'ty. area,

(3). Downstream area,. . - - ) .
. (4) . Rescttlement area, and

'(5) Other areas.

The reservoir area consists of the fully ‘:ubmerged area below the Full Supply
Level FSL, flood space area and buffcr area between the flood water level and the dam
crest elevation reserved for soil conservation. In the area, all the lands and buildings up to
the dam crest elevation of El. 1,670 m are proposed to be acquired for the Project, and all -
the Tesidents are displaced. '

The viCinity area is defined as the one surrounding the reservoir area and
downs_trcam"ofthe dam. Furthermore, the waterway route and the powerhouse site would
be involved in the vicinity area. The resettlement area is the one where the displaced people
would be forced to settle. :

Of the above areas, the social environment study covers the reservoir, the vicinity
and the resettlement areas. Due to limited time and resources, no detailed Study has been
carried out for the downstream and waterway route areas. '

o Administrativciy, the rcservéi_r_ and the vicinity a_reas belong to Nyamira District of
Nyanza Province and Kericho District of Rift Valley Province. The areas may consist of
parts of Magwagwa and North-Borabu Sub-locations in Nyamira District and of parts of
‘seven shb-iocations in Kericho District: Kebenet, Kabianga, Mabast, Koiwalelach, Roret,
- Kibugat and Tebesonik. |



2.2  Socio-econoinic Characteristics

In this section, the socic-economic characteristics are described mainly for the
reservoir and the vicinity area based on the results of field surveys.

2.2.1 Population

Household distribution by elevation was estimated as shown in Figure 2.1. The
households were enumerated at a 25 m interval based on the newly prepared 1:5,000 maps,
where the code numbers are 'plott'ed on the houscholds as part of the field verification stq'dy_
in the topographic map preparation. The number of households located below E.L: 1,670m
is estimated at about 700 including households affected by the project. It is noted that the
population of Magwagwa v1liage is excluded i in the above count, smce the axis of the
saddle dam, which will be buﬂt at the topographic deprcssmn located in Magwagwa village
(refer to Section 6.2.7, Saddle Dam of the Main Report), is designed not to pass the most
densely populated area of the wllage, i.e. the tradmg centre of the regmn :

The 'popu}alion in the reservoir area can be cstimated at nearly 4, 300 multiplying
the number of houscholds by the average number of household members of 6.1, derived
from the household surveys. With the reservoir- area of 26 km? including rivér channels
and uncultivated lands (refer to Fxgure 2.2, Reservoir Area Curve) the population density
is estimated at 162/km2 on an average. However; the populauon density is qulte different

between the Nyamlra and Kericho sides: 295/km? and 92/km2, respccuvcly Most of the
households res:de in footslopes rcﬂectmg undulated gcographlcal charactenstlcs in the

areas.

Of the total population in the areas, male accounts for 50.6% while female for
49.4%. The population structure by age in the areas is presented in Table 2.1. A striking
- feature of population‘struciure by age in the areas is'thc larger share of 'yon'th' 63% of the
total population is occupied by the group aged under 20- yuar old. The workmg age group
'(15-59 year old) comprises 46% of the population whﬂe the elderly (60 year old and over)
accounts for 4%. It can be said that the population is characterized by its high dependency
ratio. S

The household size is 6.1 persons per famlly, broken down into 6.4 and 5.9 for .
Nyamua and Kericho respectlveiy as shown in Table 2, 2.” Over 20% of the households
have more than eight members. Most of houscholds appear to compnse nuclear families
since 95% of population consists of heads of households, their spouses and their children.
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