Af) .Ups{ream user impacts on project

Thére aré numerous upstream users in the form of rural and urban

~communities and large scale agricultural activities including tea planiations.
Bvidence from the aforementioned water quality study indicates that water
qualiiy is ot noticeably degraded by these activities.

(g) Projec‘t fihpact niiliga(i'mi

Thc pnnmpa! negauve impact of this proposal is the tolal dcstmcuon of over
8 square kilometres of frreplaceable indigenous forest which represents over
4% of the existing forest area; no mitigation can prevent or ameliorate this
loss. The inundation of the existing waterworks at the damsite also cannot
be avoided and its replacement will be an additional project cost.

(h) Other conunents

Further environmental and aesthetic damage will be incurred by forest
clearance for the power transmission lincs; the exteat of this cannot be
assessed until the alignment of the trace is determined.

(5) Conclusion

Itis cOnmderad that the env:ronmen!al cunsequenccs in terms of the loss of 8 km2
(800 hectares or 4.0% of the total forest)) or more of valuable and irreplaceable
mdlgenous forest should be sufficient to place this particular proposal on a

 relatively low pnomy teved. Alternatives which inflict less environmental damage
should be gwen more aftention and a higher priority. :

11 2. 3 Oldorko Dammte
(1) PurpOSe of the:dam

:E_Thls is a mulu -purpose dam with a prmcnpal objective of clectric power
generauon‘ secondary objectives are to supply water to Kajlado District and to
1mgatc parls of the lower Ewaso Ngiro river basin. These objectives are achieved
by storage of surplus water during the rainy season and i its distribution during the
dry season; thus water redistribution is malnly though not entircly temporal rather
than geographlcal A 12 km long headrace tunnel leads from the dam to the
power house.
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(2) Basic details of the dam

Principal Features of Oldorko Reservoir,

Dam o
Elevation Height Avea Yolume
(ln‘) ( (n%) {m2x106) (m3x106)
1250 0 0 0
1260 10 - 0.36 . 0.9
1272 22 1127 119.5
1280 30 19.42 ) - . 198.6
1300 50 51.15 904.2

Max. length = 10 km; max. width = 6 km  Drawdown: 28 m.
Live storage volume: 785 m3x106 (=310% mean annual inflow)
FSL = 1300 m
Height: 55 m
Volume: 8.43 m3x106
Design discharge: 18 m3/sec.
Average river discharge: 8.0 m3/sec

Source:Acres 1987, KNPDP 1986-2006.
{3) Water quality

Few data on water quality are available for the Ewaso Ngiro South river; these
data are summarized in TableN11.4 These data do not indicate any reason to
suppose problems for the development of the river for power. The elevated
concentration of sodium in relation to calcium and magnesium suggests that
sodium absorption ratios should be calculated when more recent data are available
to assess the likely impact on irrigation. The quantity of dissolved solids is low
by inference from the conductivity levels though considerable seasonal variation
is indicated. The conceniration of iron is on the high side for water supply.

During the aerial reconnaissance the water appeared to be very brown and tusbid
indicating a high silt load. This situation will worsen in the wet season. Organic
foam was observed in swirl-pools below the damsite but the sousce of this foam
could not be determined; it is more likely to be of natural origin rather than man-
made. Evaporauon of water from the reservoirs at both Leshota and Oldorko may -
be sufficiently substantial to affect the water quality by evaporatwc concentration,
Storage alone under the high ambient temperatures of this area will also result i in
some degradation and the reservoirs are likely to become stratified and water
quality in the river downstream will be affected depending upon the depth of the
off-take structure in relation to the thermocline.
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{4) Resulis of the IEE and aerial recon_naissance

.(a) Land use

i)

i)

Vegetation, cultivation and livestock

At the Oldorko damsite the vegetation was generally light scrub and
bush with few mature trees. The reservoir area has thicker scrub with
much bare red soil visible between bushes; major trees only occur in
the immediate river valley and between the river and the escarpment
where large trees are dense in some places. Selective clearance will be
necessary to avoid serious water quality problems and eutrophication.

In the northern sector of the flood zone where the river meanders
exlensively are farge areas of w@all mature flat-topped Acacia about 10-
12 meires tall. Here also goats and sheep were observed in small

. numbers and animal tracks and pathways were visible through areas of

bare red soil. The scrub and trees were very green afler some recent
rain and did not appear stressed; no grass was in evidence.

In the middle reservoir region there are denser areas of Acacia and
some signs of overgrazing. These signs were prominent especially
around a waterhole which had an extensive area of degraded land
around it about 0.5 to 0.75 km wide; this illustrates one example of the
adverse cffects of providing water in ASAL areas,

No signs of cultivation were observed anywhere in the flood zone or
elsewhere. The entire arca is Maasai grazing land and although at the
time of this survey very few stock animals were scen this is
undoubtedly a seasonal effect and stock densities will be considerably
higher at other times of the year.

Settdements and ather structures

In the norihern sector of the reservoir there are two large Maasai
bomas, both recently occupied and comprising two sets of manyattas,
on¢ with 24 huts, the other with 12-14 huts. Signs of ‘overgrazing'
were evident for a considerable distance around these bomas; a
number of very large abandoned bomas also exist in this area
indicating this is a seasonal stopping place for the Maasai on
migration.

Nationat Park or Reserve or forest-

There are no National parks, reserves or forests within this project
area. :
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(b} Compensation, rclocmion and resettlement

{c)

(d)

{e)

i)

ii)

Land, uops and bmldmgs

Compensation for the 50 km?2 of land takcn by lhe projccl Wlll be duc
to the Maasai belonging to the group ranches affccted by project -
implementation; no cultivation is carried out in this area so crop -
compensation will not be required. Compensation for dwellings wilt
be minimal though one or possably two catlle dlps in |hc flood zone
wilt have to be rebuilt.

Problems of relocation site

'This could be a significant problem in view of the already existing land
conflicts between the different Maasai clans within the group ranch
areas. [f the reservoir affects one clan pariicularly heavily finding
alternative grazing land for their relocation may pose difficulties.

Bush clearance

Extensive bush clearance will not be necessary Somc selccm'c clearance of |
larger trees and areas of dense bush will be required in a few areas but
overall site preparation of this nature should not be a major problem.

Aquatic weeds

No aquatic weeds were seen in the river above or below the damsite so the
possibility of weed problems is not ranked very high.

Downstream user conflicts

i)

Power bores

The power procluctxon cycle is conunuous and power borcs wnll not be
produced under nonnal operating condmons

Water shortages

Since the OIdorko resewolr in conjuncuon w:th the Lcshola reservo:r
will partially regulate the river, water resources shouid be more cvanly
distributed throughout the year. However, storage and regulation may
bring their own side-effects in the form of water losses due to
¢vaporation and to adverse effects on the swamp tands in the river -
delta region around Shombole. . Storage, as noted above may also.
degrade water quality if prolonged. : '
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ii I)

iv)_

v)

bvaporauon

'Evaporanon from the reservoirs and its 1mpact on dry scason river

flows needs (o be assessed critically; especially if the project also

~ includes proposals for isrigation and water transfer to Kajiado below

the dams both of which will quantitatively reduce thc volume of water

cntenng 1he swamps at Shomboie

ACcOrdmg lo prcsent a’ss‘es<meﬂls evaporation from the two Ewaso

‘Ngiro reservoirs will be a significant problem resulling in the loss of _

the equivalent of about 2.54 m3/sec from the reservoir surface at
Oldorko and a further 1.0 m3/sec from Leshota. This order of loss
must be viewed against a mean low flow of 2.8 m3/sec for 75% of the
year. Thus the combined loss from Oldorko and Leshota will exceed
the mean low flow by 0.75 m3/sec during the dry season. The river
will then be kept flowing only by the regulated discharge from the

- power house at Oldorko. The location of the proposed off-take for
- irrigation and water supply is unknown as Is the volume of water to be

absiracted for these purposes; it thus presently impossible to evaluate
the impact of these consumptive abstractions on the ecology of the
river below Oldorko. It can be reliably assessed, however, that in the

_presence of these two proposed developments the impacts on the river,

the swamp at Shombole and the Maasai will be very significant.

Swamp desiccation

If regulation of the river reduces flooding and the recharging of the
Shombole swamp and evaporation from the dams reduces the tofal
volume of water further this important dry weather refuge which
provides both water and forage for the Maasai and their livestock may

- be seriously threatened. This danger is apparently highlighted in the

KPC Feasibility Study on developments within the Ewaso Ngiro

“catchment. There may also be additional adverse cffects on Lake

Natron a_nd its delta fishery but the sigaificance of this impact has not
been assessed and although this area is said to be fished by Luo

fishf:ﬁnen but no evidence of such activity was observed.
: Water quallly rcduchon :

' As noted above storage of walter in rescrvmrs, especially those subject
- to high temperature and prolonged stratification inevitably results in

some reduction in water quality. So although the sediment load wili

L be reduced the quantity of organic suspended solids in the form of

plant and animal plankcon will increase. Evaporation will also, (0
some unquantificd extent, increase the salinity of the water. It is

N-11-11



uncertain whether these impacts witl materiatly affect the utilization of
the water. ‘ i

(f} Upstream user m\pacls on pr0_|ect

The only qgmﬁcam potential source of polluuon upstrcam of the damsnte is the
town of Narok: it is unlikely, however, that any effluent énlenng the river from
this source will significantly impact water quality in the reservoirs. Jtis expected
that any such effluent will be degraded by natural processes in the 30-40
kilometres of river between Narok and the reservoirs. The larger impact will in
any event be experienced by the Leshota reservoir which wilt act as a buffer
betwecn Narok and Oldorko. :

- {g) Health aspe’cts ;

By

iii)

Tsetse fly

This fly which transmits trypanosomiasis (sleeping sickness) is
present in the southern reaches of the Ewaso Ngiro but it is uncertain
if it is cqually abundant in the teservoir areas to the north. Fortunately
in Kenya this fly does not transmit human sleeping sickness but its
painful bite conld be a nuisance problem dunng consiruction and post-
construction Opcranons : :

Mosquitoes and malaria

It has been confirmed that seasonal malaria is rife in this area and that -
resistance (o chloroquin is common. So, although it is unlikely that
the project will increase the incidence of malaria in this area, malaria
will adversely impact the project via health hazards to the work force
both during construction and operations, - '

Schistosomiasis

This vector-borne disease is also 'rife' in the Ewaso Ngiro South

catchment and the Oldorko and Leshota reservoirs are thus very likely

to become colonized by the snail intermediate hosts. As with malasia '
its uncertain if the situation ‘with-project’ will be any worse than that

‘without-project’. However, this debilitating disease will, none-lhc-

less poses a health hazard for construction workers and operations

personnel; in addition it will represent a major constraint on the safc

development of irrigation in the lower Fwaso Ngaro River.
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(h) Project impact mitigation

-Socia] conﬂicl' g

A de\ elopment seen as most hkely to cause problems rcsuhs from’the
current ramours that *30,000 Kikuyu are to be imported as irrigation
farmers into the area™; these irrigators and their cultivation will
displace the already crov.ded Maasat from their dry season grazing
lands and this will probably lead to "serious' tand use and ownership
conflicts according {0 researchers presently wo'rking in the lower
Ewaso Nguo area. It is recommended that means to pre-empt and

mwgate this potemlal conﬂlct should be mvesugatcd

Compensan(m flows

Attention should also be given 1o the provision of compensation flow

*in the river below the dam where the section of river by-passed by the

penstock is confined to a very narrow gorge containing riverine forest,
flow should be provided to maintain river ecology at all times and

“especially during the dry season when the volume of water required

and diveried for power generation exceeds the natural inflow of the

" fiver.

11.2.4 Mwachi  Damsite

(1) Purpose of the dam

To store surplus water from the rainy season to maintain flows in the Mwachi
river to maintain the supply of water to Mombasa through the dry season.

{2) Basic details |

Elevation (n) Damheight(m)  Reservoir area (km2)

30.0

305

- 45.7
61.0

762

84.0
91.4

0 : 0
05 0.34
15.7 1.10
31.0 1.90
46.2 | 3.20
54,2 470 = WL
61.4 6.35

HWL = EL 84.0 m; LWL = EL 66.6 m; Drawdown = 17.4 .
Max. length = kem; max. width = km.
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{(3) Walcr quality

Published reports indicate that the water entesing the reservoir may bc shghlly _
organically polluted and that further deterioration is to be expected dunng storage

as is the case at Pemba.

(l4) Results of the IEE and aerial reconnaissance

(a) Land use

)

ii)

iii)

Vegetation and cultivation

A substantial amount of natural scrub, bush and forést vegetation,

' especially along the incised slopss of bends in the river, will be

inundated by the reservoir. Bush clearance will be a very necessary -
part of project implementation. Without clearance and removal the -
quality of the water stored in, the reservoir will deteriorate substantially -
and greatly increase the difficnlties and costs of water treaiment. This
deterioration results from the decay of the wbmcrgcd vcgciauon which
causes deoxygenation of the water and eutrophication; the latter
teading 10 the development of unwanted algal blooms with attendant
further problems for water treatment and supply. Very litile of the
inundation arca is under intensive cultivation, what lhcrc IS, is
gencrally at submslencc level. SR f L

Settlenients and other siructures

No settlements apart from a few scaticred low-cost traditional houses
with makuti roofing and mud wails or other man- madc slmcmros
appear to cxisi in the inundation area. a

National Park, Reserve or forest

The Mwachi dam and reservoir does not impinge on any national
parks or reserves. Flowever, much of the rivering vegetation,
especially that along the immediate river course appeaf‘s to be dense
and valuable indigenous forest and must be considered a conservation
loss if it is flooded. Further study of the écologicat and conservauon
value of these forest areas is reconlmcnded =
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{b) :

{c)

COmpenshliﬁn,: rel’ocation' and reseitlement
i)  Land, crops and bmldmgs
_ 'Some degree of compcnsatlon w;tl be requnred for land crops and
~ buildings in the project area but this is asscssed to bc reqmred only on
- a very small scale. :
ii) Problcms of relo:‘:atibn site
A polennaliy greater problem will be 1he 1denul' cation and acquisition
of suitable and acteptable land for fesettiement of those families
- dispossessed- by project_ implenentation. The problem tooks less
- severe than at the Pemba, Thwake or Yatta damsites. -
Bush-' clearance -

As notéd above (a(i)), to maintain the guality of the water in the reservoir

.- excessive vegetation in the flood zone must be felted and removed; the logic

. _(,d}_:.

for this is dnscugsed in Chapter N4,

Aqu‘atic swe'eds

The presence of aquatic weeds, and especially free-floating species is

- usually deirimental to reservoir management because of the adverse impact

“-on water quality. : Some aquatic weeds are prevalent in the Mwachi River

and completely cover the surface in some areas. -This is obviously a

~ seasonal event and such vegetation will be destroyed during periods of high
- 'water discharge.  Although it was impossible to accurately identify the

- dominant spceies from the air it appeared to be a rooted macrophyle

(o)

- belonging to the genus Potawnogeton. This, and any other rooted weeds witl

inevitably colonize the perimeler of the resesvoir with unpredictable but
adverse consequences. The impact of free-floating weeds such as Salvinia,

- Pistia or Eichhiornia would, on the other hand be much more serious and of

greatér concern bul thesé were not seen on this survey. It is recommended
that the identity of this weed is finnly established in further phase of project
development.. ‘This same weed also occurs in the Pemba and Rare rivers.

D'owns'iréani user conﬂict's

B Pov.er bores and water shonagcs

Sincc lhlS dam does not producc povucr the problcm of power bores is
- absent; so (0 is the threat of water deprivation to downsiream users.
: Pcople living downstream should in fact benefit from the mainienance

N-1I-15



iii)

- of flow in the river during the dry season a time when this scasonal

river is normally dry.
River fisheries

Several ﬁsh traps were noted across lhe river below thc damsite wnthxn
the mangrove zone. The livelihood of the fishermen operating these
traps may be affected by project intplementation but it is not possible at
this s1age 10 assess the degree of impact or whether it will be beneficial
or detrimental.

There will be some impact also oOn the ecoldgy of the mangrove
swamp into which the rives flows; this is expected to be minimal but
should be investigated further. ' : :

Water quality reduction

Storage of water in reservoirs almost inevitably results in s'oinc
deterioration in water quality. This is especially so if the water is
organically enriched and maintains a high water temperature.
Published reporis point to a possible risk of eutrophication (nutrient
enrichment) because of organic matier entering the rivér from
comnunilics living upstream. The magnitude of this problem in the
Mwachi cannot be assessed without additional water quality studies.
It should be noted, however, this problem will be further exacerbated
if bush clearance in the flood zone is not carried out cffccnvely as’
noted above. -

(f) Upstream user impacts on project

Although few people apparemily live in the upstream catchment previous reports
suggest some organic poltution of the river results from inflows of wastewater
originating upstream of the reservoir arca. The possible extent of this impact
requires assessment through monitoring of chemical and bmtoglcal water quallty
parameters in lhe Mwachi river .

(g) Impacts on othcr deve!op‘ments or projccts o

(h)

As far as could be secen l‘rom the air no other projccts or mgmﬁcant
struclures exist in the 1mmdai10n area.

Project impact mitigation

From this initial examination litite needs to be pr_oposcd_ by way of
mitigating the few generally mitd adverse impacts of this project.
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(i} Other comments

It is to be noted that the water associated disease schistosomiasis (bitharzia)
is prevalent in this area and there may be concern that the existence of such a
*large body of water will cause an unacceptable increase in the incidence of
the disease. Whether or riot the incidence will be increase above the
*'without project’ level by project implementation is ot known; a more
detaﬂed asscssmcm is recommended. :

ll 2 5 Ndarugu Damsne
(1) Purpose of the dam

Thls dam and réservoir are proposed for similar purposes as thc larger Munyu
am lhough lhe empha51s is changed, namely -

- (a) Na:rob: wa{er supply,
(b) augmentalton of water supply to Mombasa and the coastal region,
"+ (c) irrigation development in the middle reaches of the Athi River.

(2) Basic details of the dam

The Ndarugu reservoir is formed by the damming of two tributary rivers, the
Ndarugu and the Komu and will have an area of 17.5 km2 at normal top water
level of 1450 mast, and will drawdown by a maximum of 12.7m.

(3) Water quality and eutrophication

Water quality data are given in Tables N11.5 and N11.6. From a chemical point
of view the water appears to be suitable for water_supply purposes after
appropriate treatment, testing for irrigation suitability should be carried out.
There are discrepancies in the data which need clarification; these include BOD
and COD results from both rivers which show large variations; these differences

- may result from the time of sampling and further testing is needed; the high
concentration of sodium should be checked, The levels of anintonia, nitrate and
phosphate are on the high side and may result in some eutrophication of the
feservoir; this also requires further investigation. No data are available on the
bacteriological quality of the water.

1) Results of ihe ]EE

A short acnal survcy was conducted over |hc Komu and Ndarugu valleys from
whlch the following obscrvations were made, |
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(a) Land usc

Komu River: the river valley bottom is wide and open, but thc nver is
much smaller than the Nairobi River. There i is dense vegetation and
many mature Acacia trees along the banks. The river is seasonal and
was not flowing a short distance above the conftucnce with the Athi.
There is extensive maize cultivation accompanted by low cost housing
(tin roof type/stone wall type), but there is much new construction
under way. ‘The whole area well scttled divided into plots with well
marked boundarics. These semi-urban estates are well served by
murram roads. As noted above this river receives the final effluent
from the Thika oxidation ponds, '

Ndarugu River: by comparison with the Komu valley the Ndarugu is
relatively under-populated and uncultivated with a mixture of thick
vegetation and mature trees. There were indications of livestock
aclivity and ncarer the Athi confluence cultivation and settlement -
increases in the valley bottom where a few scattered houses exist in the

) probable flood area. Overall the main but not overwhclmmg problem

here would appear to be bush clearance and not resettlemeat of
population. However, if the development of the dam is delayed fora
number of years this situation may well change

(b) Population, resettlement am_i compcns’alion |

(c)

(d)

The development of the Ndarugu damsite will require the relocation and
resettiement of an unknown, but substantial number of people with
associated compensation for property and crops. The identification of
suitable resetilement sites may prove difficult within the Nairobi area.

Bush clearance

In the upper Ndarugu cspccnally, but also in lhe l\0mu [OF lesser extem
bush clearance will be necessary 1o avoid eutrophication of ihe reservoir.
The extent of clearance needs further assessment.

Other enviromnenial aspecls _

i)

Future water quality

Although water quality of the Ndarugu and Koma rivers is prcsémiy
quite good, future devetopment of urban centres and especially Thika,
as well as agriculture and industry in conjunction with other land use
changes in the upper catchment around the Aberdare foothills in
Kiambu, may welt alter this situation for the worse. ‘This possibility
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. requires monitoring if the future value of the Ndarugu reservoir is not
to be impaired.
i) . Compensation flow
Sufficient water must remain in the river below the dam 16 maintain the
ccology of the river ecosystem and to provide water for downstream
users, Maintenance of dry season base flows is especially important
- to avoid healih hazards from stagnant water in the river.
iii) - Other bonsidera‘tion_s

. Two clecmc power lines cross 1he, probablc location of the reservoir
- and will need re-routing. '

‘No other observataons were made mdlcahng further negative
eunvironmental impacts.

11 2.6 Pemba Damsnle
' -(1) Purpose of ihe dam
ThlS isa water supply Teservoir designéd to store surplus water from the rainy
season (o maintain flows in the Pembw river and the supply of water to Mombasa
through the dry season.
(2) Basic defails

r .

_:Elevaﬁﬁb (m) :f)aﬁj hcight (m) ' Réscrvbir area (kniz)

579 0 0

61.0 A 0.05

76.2 183 0.30

91,4 335 1.05

106.7 48.8 3.30
1219 640 © 7.30 = HWL

Maxf!engih = 6.5 knv; max. width = 2 km.
(3) Wafer quahty
‘Pubhshed reports mdlcale lhat the water is very turbid and that there is “a great
poss:blhty of eul:ophlcauon in the reservoir rcsulung in growth of algac and

plankton”, This is noted since it may affect the odour and taste of the water even
- after water treatnient. No analytical data are available at present,
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(4) Results of the IEE and acrial reconnaissance

(a) Land use

1)

it)

iii)

Vegetation and cullivation

A substantial amount of natural scrub, bush and forest vegetation will
be inundated by the reservoir. Bush clearance will be a necessary pant
of project implementation 10 protect water stored in the reservoir from
serious quality deterioration caused by the decay of the submerged_
vegetation,  Decay can lcad to deoxygcnanon of the water and
euteophication; the latter leading fo the devclopment of unwanted algal
blooms with attendant problems for' water treatment and supply. Very .
litde of the inundation area is under cultivation, what there is, is
subsistence level.

Settlements and other structurés

No settlemenis exist in the inundation area though there are a few
scattered low-cost traditional houses with makuti roofing and mud
walls. The only significant structure seen in the flood area is a small
dam and associated modern-style houses in the mid to upper zone of
the reservoir site. L

National Park or reserve or forest

Although the Shimba Hill National Resérve is close by the proposed
reservoir area it is not thought that there will be any intrusion into this
reserve by the project. However, much of the riverine vegetation,
especially that along the immediate river course is dense indigenous
forest and must be considered a conservation loss if it is flooded.

{b) Compensation, relocation and resettlement

i)

Land, crops and buildings

Some dégree of compensation witl be fe_quircd fof_ l_ah:‘d, crops and
buildings in the project area but this is assessed as small scale.

Problems of relocation site

A potentially grealcr problem wnll bethe 1dennf canon and acqmsumn
of suitable and acceplable land for resettlemem of those famlhes

| dispossessed by pro;ect nnplememallon

N-11-20



- {e)

(d)

(e}

Bush clearance

As noted in (i) above 1o maintain the quality of the walter in the reservoir
excessive vegetation in the flood zone must be felled and removed; the logic

for this is discussed in Chapter N4.

Aquati_c weeds

The presence of aquatic weeds, and especially free-floating species is
usually detrimental to reseérvoir management because of the adverse impact

“On water quahly Some aquatic weeds are preva]cm in the Pemba River and

completely cover the surface over large areas of the river upstream of the
exisling small dam mentioned above, Allhough it was impossible to identify

"the dominant species from the air it is probably a rooted macrophyte

belonging to the genus Poramogeton; some smaller patches of water lily

‘(Nymphaea) were also observed: These w.l.ccds ‘will almost mcvuably

colonize the perimeter of the reservoir with presently ‘unpredictable but

“adverse consequences, The impact of frec-floating weeds such as Salvinia,

Pistia or Eichhornia would, on the other hand be much miore serious and of
greater concern. It is rccommended that the identity of this weed is
established in funher phase of project devclopment ThlS same weed also

occuss in the Mwach: and Ranf: rivers,

Dow_ns(re‘am user conflicts
i)  Power bores and water shortages

Since this dam docs not produce power the problem of power bores is
absent; 5o 10 is the threat of water deprivation to downstream users.
People living downstream should in fact benefit from the maintenance

" of Row in the river during the dry season a time when this river is
normatly dry. There will be some impact on the mangrove swamp
into which the river flows but this is expected to be minimal but
should be investigated further.

i)  Water quality reduction -

Storage of water in reservoirs almost inevitably results in some
deterioration in water quality. This is especially so if the water is
organically enriched and maintains a high water tempé¢rature,
Published reports on the Pemba Rives point to a risk of eutrophication
* (nutrient énrichment) because of organic matier entering the river from
semi-urban communities living upstream. This problem will be
exacerbaled if bush ¢learance in the flood zone is not carried out
effectively as noted above. Since water from the Pemba reservoir will
be mixed with the very high quality water brought from Mzima
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Springs, the Pemba water should be maintained at the best practical

quatity.
(f) Upsiream user impacls on project

Although few people apparently five in the upstream catchment previous
reports indicate some organic pollution from wastewater originating
upstream of the rescrvoir arca. The extent of this impact requires
assessment through monitoring of water quality for chemical and biological

parameters.
(g) Impacts on ather clev'elopmenis' or projecls

An existing water pipeline ru'nning from the water works at Marere to
Mombasa will be inundated for approximately two kilometres by the
reservoir. The re-routing of this pipeline will probably be necessary if the
Pemba dam is constructed. ' '

{h) Project impact miligation

From this inilial examination litle needs to be proposed by way of
mitigating the adverse impacis of this project. - However, some
eavironmental enhancement may be achieved if the reservoir is made more
accessible to the public and it can be tumed into a local or tourist amenity in
conjunction wilh the existing forest areas. At some locations near the
damsite are possible sites for tourist lodges or other facilities which would
benefit the area. :

{i) Other comments

Itis to be noted that the water associated disease schistosomiasis (bilharzia)
is prevalent in Kwale District and there may be concem that the existence of
such a large body of water will cause an unacceptable increase in the
incidence of the disease. Whether or not the incidence will be increase
above the 'without project’ level by project implemeantation is not known; a
more detailed assessment is recommended,

11.2.7 Rare River Damsite
{1) Purpose of the dam
To store water transferred from the Athi-Sabaki River via a canal during the rainy

season for supply t0 Mombasa and #is hinter-land during the dry season. This
will convert the Rare from a seasonal to a perennial river.
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{2) Basic details

Elevation (m) ~ Dam height (m)  Reservoir area (km2)

| 7_3’.2
1 76.2
83.8

o o 0

3.0 0.01

10.6 1 2.00
3.50°

(3) Water quality

(4)

 Published reports indicate that barytes (barium) and galena (lead) mineral deposits

are mined in the vicinity of Vitengeni, upstream of the proposed reservoir site; it
is feared that wash-water and tailings from the mines will pollute the water in the

ICServoir,

The presence of toxic lead compounds in drinking water is an

unaceéptable healih hazard and the concentration of lead in lhe river water must be
assesscd in due course. :

No further water quality data are available to date.

Results of the IEE and aerial reconnaissance

(a) Land use

-

iii)

Vegetation and cultivation

There is litde evidence of cultivation within the intended reservoir area

“and natural vegetation is only thick in the immediate river valley
~ especially along the outer incised wall of the valley; here bush and

semi-forest occurs. Some sctected clearance of bush and woodland
will be necessary in limited areas. Much of the land away from the
river is only lightly covered with bush and large areas of bare or

“almast bare soil are visible,

Settlements and other siructures

" ‘There are very few signs of settlement or housing within the presumed

ftood zone; some traditional makuti roofed, mud walled houscs ate

present and fewer tin roofed dwellings.

Nationat Pask, Reserve or forest
The Arabuko-Sokoke Forest lies to the cast of the reservoir area but

the flood zone does not appear to extend this far and impacts on the
forest arcas are assessed as negligible.
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(b) Compensation, relocation and reseftlement

(¢)

(d)

{e)

i)  Land, crops and buildings

~ As noted above very little human habitation or cumvauon CKISIS wuhm
the proposed rescrvoir area and consequently compensauon and
relocation problems will be mmimal though not enl:rciy absent. .

ii)  Problems of relocation site

The low population density in the arca suggests that ﬁnding alternative
land for displaced families may not be dif ficuly; lhls contenuon needs
confirmation, however. : -

Bush clearance

A limited programime of bush clearance will be necessary especially in the
immediate vicinity of the river and on the sieep river banks on incised
bends. : ' '

Aquatic weeds

In the river above the damsite areas of the river were extensively covered
with the aquatic weed tentative identificd as Potamogeton spp. This is a
rooted mactophyte which is probably decimated during pc:i_ods'of high
discharge and recolonizes the river during the dry season. It will probably
form a fringe around the reservair but will not tolerate desiccation and may
therefore be eliminated by fluctuations i in water level. The presence of the
more obnoxious free- ﬂoatmg weeds such as Safvmia and Plsna was not
observed.

Downsfream user conflicts
i)  Power bores and water shortages

Since the reservoir is designed to store water transferred from the
Athi-Sabaki River, water supply in the Rare River should be improved
and extended over time. Attention, howcvcr, should be given to
ensuring (hat that not all the diverted water goes for supply to
Monmbasa and that maintenance flow is provided during the natuzal
flow periods of the year to maintain the ecology of Kilifi Creek.
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- Water quality reduction

The storage of water in reservoirs in hot climates generally leads to
some¢ deterioration in water quality either through evaporative
concentration of the dissolved materials in the waler, or through the
growth of algae and aquatic weeds. The degree to which this is likely
to happens depends on the retention time of the water in the reservoir,
the water circulation system of the reservoir and the concentration of
plant nutrients (mainly nitrate and phosphate) 'in the water.

Insuffi icient data are available for the Rarc River to make a further
assessment. [n contrast water quality will be marginally improved as
silt sediments out in the reservoir prior to transfer to the water
treatmem works for purification.

(f) U]istream user impacts on project

(e)

From the aerial reconnaissance no particular sources of adverse impacts on
the reservoir were seen; attention is drawn to the presence of lead and

- barium salt mines upstream of the resefvoir and that the possible impact of

potluted wastewater from these mines requires further assessment.

Pfojecl impact miiigation

' None of the impacts nated in this 1EE require specific mitigation prowdmg

the results of analyses of river water taken below the mineral mines at
Vitengeni do not indicate unacceptably high levels of lead in the water, If
lead is present in excess than measures must be taken to prevent wastewaler
fmm the mines entering the river.

11.3 Nmes'on Other Selected Danisites (29 Damsites)

11.3.1 Schemes in Lake Victeria basin

(1) Amala damsite

Q)

This is a2 small dam less than 2km2 designed solely for water supply. It impinges

on the edge of the East Mau Forest thercfore a forest reserve is involved and also
tree and bush ¢learance. Population deasity in the area should be minimal or

‘absent. Water quality should not be a problem and no other adverse impacts are

apparcnt at this stage.

Bunyuanyu dams:tc

This 1 82 k2 water supply reservoir lies in a generally heavaly poputated area of

“the country but appears 0 occupy an upland valley swamp, If this is the case
 then few people will be living inside the inundation area, and little cultivation is to
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L

(5)

(0)

)

be expected. Water quality may be impaired slighuy by the SWamp \_vith a low pl-l
and possibly moderate to high levels of some metals including iron and
manganése. No water qualily data are available for this location.

Itare damsite

This 1.14 km2 reservoir is for water supply to Nakuru town which will _requi_re
inter-basin transfer witl le almost entirely within the South Western Mau Nature
Reserve which will have obvious negative ecological impacts, assuming that the
forest is still intact. No other problems are apparent based on the information

available.
Londiani damsite

This medium size (4.5 km?2) water supply reservoir lies on the boundary of the
Tinderet Forest but does not appear to encroach into the forest. Land use in the
area according to the available maps seems to be mainly fanns and ranches; and
may therefore have a moderately high population level. No other impacts are
apparent. . '

Moiben damsite

The purpose of this dam is to supply water to Eldoret and Itea plus a pumped
supply for irrigation of the upper Nzoia. The reservoir area is about 4 km?2 at
FSL (2014 mas}). Drawdown will be approximately 32 meters which will reduce
the area to under 0.5 km2. The map indicates low population density and tand
use mainly scrub and scattered trees; this situation may have changed significantly
since publication of the map and needs checking. One road, the C630 will be
covered by the reservoir for about 3 kilometres and will need re-routing. The
upstream catchment appears to be free from potential sources of polfution. Water
quality data (see Table N11.7) indicate no obvious problems for supply.

Mukuatusi damsite

The reservoir will inundate an area of about 2.3 km2. The area contains some
cultivated lands and housings, and further a part of the reservoir area extends into
Kakamega Porest arca. The inundation of forest sccms to be a major issue in this
scheme. : '

Kibos damsite

The damsite forms a narrow steep gorge and the reservoir is also in relatively
steep arca. However, there may be some land uses in the reservoir area, which
should be subject to fusther survey. A major issue will be the impact to
downstream water uses, since the water is takea and transfereed for water supply.
Compensation flow should be assured.
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River reach downsu'cam from the proposcd damsite has a very steep gradient. A
mini-hydropower scheme may be possible depending on the layout of the plan for
water supply‘

SonduMh-iudanisite. o

The proposed dam creates only a small pond jUS! enough for daily flow regulauon
. for power generation and no social compensation nor ecological issues are
. foreseen.” Main issues needing dueé attention will be decrease of low flow in the

Sondu river downstream reaches and power bore in the tailrace channel
downstream from the powerhiouse.

11.3.2 Schemes in Rift Valley basin

)

Kimwarér damsile

xThls small reservoir is chIgncd for water supply, power generation and

jrrigation. Available, but old, maps indicate that the 1.4 kmZ2 reservoir will
impinge on several forests and forest blocks, mainly the Tingwa Hilt and
Kipkabus forests.. It is not known if these forests remain intact today. The
KVDA Report (1991) contains references in the budget for forest clearance at the
damsite. Some communities shay become isolated on ridges between long arms
of the reservoir and somie will lose their land though much of the valley bottom

" appears to be marsh according to the map. One or more rural roads will be

2)

@

disrupted. According to the KVDA Report (1991) the reservoir will dry up in 6
out of 20 years which reduces its utility as a water supply.

Narok damsite -

This is a 2.4 km?2 water supply rescrvoir sited a few kilomeires (o the N-N-W of
Narok town at the extreme edge of the Ol Pusimoru Forest, - According 1o the

‘maps a small portion of this forest may be inundated if it has not been cleared in
‘recent years, The same map indicates little habitation of the area but this location

has experienced considerable population growth and the extent of population

“relocation associated with this dam requires investigation. No main roads or

other structures are showa on the map. Water quality should not be a problem.

Up per Narck dam suc

T his damstte is located upstrcam of lhc Narok damsite mcnuoned in (2) abave.
‘The two schemes are deemed as altematives mutually. Environmental aspects of

this damsite is almost identical to those described for (2) abovc This damsite is

ata more decpcr part of thc Ol Pusimoru Forest.
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{4) Chemususu damsite

®

The damsite is located at the southern edge of the Lembus Forest arca, where
some forest clearance will be required. It appears that there would be no other

serious problems.
Kirandich damsite

No serious problems are foreseen except that the construction of dam/access road
and the impoundment of reservoir will require the clearance of some forest trees
ang scrubs. :

11.3.3 Schemes in Athi River basin

(1)

2

&)

Ikiwe damsite

This is a small 2.1 km2 water supply reservoir, 5-7 kilometres to the ESE of
Machakos. In a dry bush arca but may be well populated. The reservoir may
block passage along roads from north to south of the arca. No other impacts can
be identified. ' '

Kiteta damsite

The Kiteta dam is a smatl 1.2 km?2 water supply reservoir sited in dry bush land.
The dam appears to inundate a small area of the Utunun Forest, but it is probable
that this forest no longer exists in the flood zone. Population in the catchment
above the dam appears moderately dense and impacts from this source on the
reservoir need investigation. No other significant impacts are obvious.

Upper Athi damsite

Litile relevant information is available concerning this damsite. It will be smail
1.1 kin2 at full supply level, drawdown will be 10 m, which will expose 0.7 km2
of reservoir bottom. [t is sitvated on the Mbagathi River along the southern
boundary of the Nairobi National Park and is intended for pumped water supply
to Athi River township. The precise location of the dam and reserveir will greatly

influence the extent of environmental impacts of the project.

Polential impacts, both beneficial and detrimental, are possible. Inundation of
riverine vegetation and associated habitats and possible disruption of migration
routes into the Nairobi Park are likely. The reservoir will act as a very large water
hote which has both good and bad points. The reservoir has a drawdown zone of
approximatety 0.7 kmZ and his may be unsightly and the exposed sediments may
give rise to unpleasant odour. Construction impacts will be significant and -
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unavoidable. 'Any devetopment with impacts on such an important National Park
should proceed with caution following adequate study.

(4) Ruira-A damsito

This damsite is located on the Ruiru river some 2 km downstream of the existing
Ruiru dam. In view of a fact that no major environmeantal issues are reported in
the existing dam, the same would be expected for this proposed dam. The
reservoir wil inundatc only a small area of some 90 ha. However, since the area

~is in high potential area, land acquisition and rcseulcmem will require careful
planing to avoid the arise of the issues.

(5) Kikuyu damsite

Although the reservoir is not large (about 1 km? in area), the tand acquisition and
resetilement will still be a major issue to be managed since the area is in the
vicinity of highly populated area. A potential environmental concern is that the
development of this dam may cause an important on the flow of Nairobi river
which is the main river flowing through the capital.

(6) Yatia damsite

This damsilte will pose problems of relocation of displaced people, since the area
is generally heavily setled and intensively cultivated. Other than land acquisition

- and reseltlement issues, the economic loss due to production foregone in
agricultures shall also be evaluated properly.

(7) Ruaka (Kiambaa) damsite

The proposed damsite and reservoir area are intensively cultivated in both river
valley bottom and on stopes. The same problems as described for (6) above are
foreseen, though the subnierged area is small (about 30 ha).

11.3.4 _Schemes in Tana River basin
(1) Low Grand Falls damsite

This is a large (67 km2) run-of-river continuous (presumed) power gencration
dam; therefore, no river section will be by-passed, and power bores will not be a
hazard. Because of the Jarge arca inundated further investigations of population
density and land use are essential though this is not a highly populated region of
‘the country. No serious adverse impacts are anticipated from diseases associated
with this development.
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(2

(3)

C)

(5)

The retention time of the dam is approximately two months and so water quality
changes due to storage should be minimal. Water quality in the Upper Tana is
good and should cause no problems. - Inundation of several kitometres .(:)f river
bank and possibly riverine forest arc a potential adverse impact but as far as can
be scen from available maps there should be no impacts on forest resources of
any kind with the possible exception of riverine vegetation noted above.

It is possible that several soctal and economic benefits will accrue from this
development including - the provision of areadily accessible source of water for
domestic and livestock vse; in addition the dam will provide a route across the
Tana river for iraflic, and a productive fishery can be expected to develop in the
reservoir. Hopefully, rural power and water supply will be distributed to the
immediate arca as a major contribution to rural development.

Mutonga damsite

‘This is a similar but smaller (11 km2) development to Low Grand Falls and
shares many of the same benefits and deficits. Population and land use will
require evaluation and also the extent of inundation of riverine forest.  Mutonga
reservoir will have an eaormouosly long shoreling which will make the reservoir
vulnerable to land use changes in the immediate caichment area. To some extent
these impacis will be mitigated by the very rapid water exchange expected in the
reservoir; this should occur almost weekly. Problems of water quality changes
due to storage, therefore, should be insignificant. As far as can be seen from the
available maps there are no impacts on forest resources of any kind with the
possible exception of riverine vegetation as noted above.

Thiba damsile

This small water supply reservoir extends to 1.2 km2 and examination of the
avaitable maps docs not indicale any obvious adverse environmental impacis
arising from this proposal.

Masabet damsite

Masabet Damsite is located about 5.0 km downsiream of the town of Kericho.
The dam is small with about 0.6 km2 of reservoir area at FSL (1,839 m) and it is
planned entirely for water supply to Kericho and adjacent areas. As indicated on
the topo-map of 1:50,000 scale ,only a small area of the tea plantation at the right
side of the reservoir along the Kitoi River will be inundated. No other impact is
apparent.

Waseges damsite
This damsite was proposed by the water resouces study for the Regional

Development Plan for the Kerio Valley Basin in 1982, ‘The 2.0 km?2 reservoir is
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for water supply to the sub-basin 2EC which will require interbasin transfer .As
showm on the topo-map, the reservoir area has only a small population and land
use is minimal with mainly scrub and some scatered trees.

As the result of water transfer from subbasin 2EB to subbasin 2EC, there will be
a loweting of water level at Lake Bogoria which will give some impacts on the
ccosystem in both subbasins, including flamingoes inhabiting the Lake Bogoria
National Park.

Perkerra damsite .

This damsile is about 10 km upsircam of a damsite proposed by the Regional
Development Plan for the Kerio valley Basin in 1982, The 1.13 kin2 reservoir is
planned for water supply to the Molo River Basin (2EG). As shown on topo-map
the population is smal and land use is minimal with mainly scrub and some
scattered trees in the reservoir arca . One road, the D350,will be inundated for
less than 1.0 kni and wilt need to be relocated. ' '

Chania-B damsite

Although both the damsite and reservoir arca are situated in relatively steep

. gorges, there would still be land acquisition and resetttement problems since the

area belongs to heavily settled area. A major issuc will be the possible conflict of
water use, since the Chania river is alrcady used for existing water supply and
also foreseen to serve future water supply schemes in both upstréam and
downstream areas.

11.3.8 Schemes in Ewaso Ngire North River basin

)

Rumuruti damsite

The damsite is located within the Rumuruti Forest area. Forest clearance will be

. necessary at the damsite and in reservoir area, but otherwise no serious problems

@

have been foreseen.

Nyahururu damsite

The proposed damsite is relatively close to habited area. It is presumed that the

‘construction work will involve some land acquisition and resctilement issues,

though the quantities will not be large. Attention should be required for reservoir
water quality and health issues, since the reservoir is in the heavily settled area
and receives some effluents from the catchment where is also populated.
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NI12. INITIAL ENVIRONMENTAL EXAM[NAT!ON;S OF SHORT-
LISTED IRRIGATION SCIIEMES,

12.1 Generat Issues

Envitonmental impacts of irrigation schemes result from (wo pnncnpal sources: those
resulting from site location and those resulting from management strategies and practices.
At preseat little information relating to the eighicen short-listed projects is available
conveming the latter category, the initial environmental examinations reports (JEE' s) here
are based, therefore, mainly on location related impacis.

It has not been possible to carey out more detaited 1EE's as illustrated in Table N12.1
which is based on the Asian Development Bank forniat; such studies can be conducted at
a later slage of project planning when more details on manageinent plans, and especially
information on agro-chemical use and methods of application are available and the project
list has been shortened by further screening. - The present reports, therefore, are
preliminary but have atiempted to identify the most likely impacts. They should not be
considered as certain or guaranteed; ncither should the list of impacts be regarded as
definitive since more may be revealed as studies continue.

Al irrigation projects on the short-fist will have some degree of impact on the people
presently inhabiting the proposed project area. Not all will be adversely affected, and
hopefully a majority witl benefit. However, all will be affected in some way. An initial
assessment has been carried out on the probable numbers of people so affected; this
assessmient is based on several assumptions which must be clearly understood. These
assumplions are as follows:-

(a) hat the population projections are correct,
{b) that the project will be developed to its full design area,

(c) that the population is ¢venly distributed within the locations affected by the
project,.

(d) 1hat the area of the scheme is distributed among the affected locations in
proporiion to the area of these locations. '

In terms of population relocation, should this prove necessary, the availability of land for
resettlement will be a decisive factor and the ease of finding such land will in part depend
upon the areal proportion of the locations taken over by the project. Estimates of the
percentage of location land taken by the various projects are included on Table N12.2.
These percentages range from <1% in Tana Delta and Turkwel to over 73% at Mwea.
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The results of this assessment of population impacts are given in Table N12.2 and are not
specifically commented on in the following notes. In the notes below only the most
probable negalive impacis are mentioned; others are entered on Table N12.3.

12.2 1EE's of Specific Scheines

Reference to Table N12.3 should be made to supplement these notes on individual
projects. '

12.2.1 Arrow scheme

This irrigation development is part of a combined scheme including hydropower
production. The construction of the dam for hydropower has now been down rated and
the irrigation scheme may, therefore, not now go ahead. '

The Kerio Valley Development Authority Feasibility Study Report indicates that the
hydropower dam would redu¢e flows in the lower course of the Arror and this will
negatively affect a complex network of existing traditional water conveyance furrows
which would beconie permanently dry. This will badly affect people in the Kerio Valley
who depend on the furrows for irrigation, domeslic water supply and livestock wates,
The environmental impacts of the actual Arror scheme appear to be minimal but further
investigations are recommended especially 1o ensure the protection of any ASAL key
produciion arcas which may be affected.

12.2.2 Kano plains scheme

The principal negative environmental impact of this scheme is identified as the effects of
the return water on the Winam Gulf. The return water will be cariched with nutricnts;
may also contain pesticides and herbicides; have a low or zero oxygen conteat and have a
high BOD. :

To mitigate the impacts of this poor quality retum water on the Gulf it is recommended
that the return water is drained into the Nyando swamp where natural tertiary treatment
will remove much of the nutrient from the water. The return water flow should be
dispersed in the swamp and not channelled through to allow maximum absorption of
dissolved matter. This use of the swamp will probably cause it to grow in size and
invade Nyakach Bay to some extent; this is regarded as the lesser of two evils.

Since it may take some years for this scheme to develop efforts should be made now to
conserve and protect the Nyando swamplands from 'development’ or reclamation for
other land use purposes thereby ensuring their survival to perfonn this valuable and vital
water clarification role.
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12.2.3  Kanzalu scheme

This is a paddy rice scheme and therefore the possibility exists of imroduéing

schistosomiasis aud increasing the existing incidence of malaria. The adverse impacts of

sediment on the scheme are another possible problem.

12.24 Ki_bwezi Extension scheme

No particular problems are identified here other than thos¢ presented by the high silt load
in Athi-Sabaki river water. '

12.2.5 Kimira scheme

Similar problems as with the Kano Plains scheme; the difference here is the lack of
natural swamps to clean up the return water which will enter Kendu Bay with uncertain,
but adverse water quality implications. The creation of an artificial swamp arca to
provide the necessary treatment might be considered as a mitigation measure.

12.2.6. Kunati scheme

Insufficient information is available 10 make a meaningful assessment at this time.

12.2.7 Lower Ewaso Ngiro schemc

There arc several important and potentially significant adverse impacts of this proposal as
follows, for further details see Chapter N9, Part 1, of the main report on Environmental
Conservation:-

(a) The possible desiccation of the Shompole swamps which are belicved to be an
ASAL key production area which sustains the local nomads through the dry
scason.

(b) Excision of 10,000 hectares of grazing land.
{c) Possible social conflicis resulting from land use changes,

(d) Impacts of existing diseases, malaria, schistosomiasis and sleeping sickness on
the project developers and their livestock.

(e) Pressure on fuel wood resources.
(f) The location of the project between two of the most saline lakes in the world

suggests that soil conditions in this area may be unsuitable for agriculture of any
kind.
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1228 Lower Kuja scheme

Some adverse impacts related to water quality are a possibility here, The inflowing water
comes from an area where the mining of heavy metals has been conducted in the past and
this may have impacts on the scheme. Analyscs for heavy metals should be carried out to
clanfy this suuauon

The retum Water f_rom the scheme will drain directly into Karungu Bay of Lake Victoria.
This will probably not result in significant poliution so long as lake shore corrents
disperse the inflow otherwise localized pollution may occur.

12.2.9 Lower Nzoia-Bunyala scheme

No major problems foreseen here. Return water will pass directly into Lake Victoria but
currents and dilution should prevent the build up of pollution problems.

12.2.10 Rixpig‘aii scheme

No knowa problems. - Sprinkler irrigation requires hlgher quality water cspecmlly in
regards (0 sediment and salinity but no data are available.

12.2.11. M‘wea extension scheme

No obvicus problems apart from the high population density in the locations affected;
nearly 43,000 people are projected to be living in the project area by 1995. Olherwnse
1mpacls here will be similar to the original scheme area,

12.2.12 Sabaki cxl'ensio_n schemne

Problems here may inctude the impacts of return water on the ecology of the Sabaki
“estuary and Malindi Bay; the sediment load froms the Sabaki river on the furrow system

and the extent of forest clearance which may be necessary. Forest cover in the project
~area is unknowa but it may include parts of the Arabuko-Sokoke Forest; this needs to be
confirmed.

12.2.13 Tana Della scheme
Potential impacis include:

-(a) Return water impacts on the lower Tana River and the inshore coastal region are a
po!cnnal problem depending on the extent of agro -chemical use on the scheme.

(b) The degree of flood protection works wﬂl affect the ecology of the floodplain and
Tana estuary both of which depend onregular seasonal flooding. Floodplain and
inshore fisherics witl also suffer, The development or extension of water related
diseases is also an important consideration in this area.
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12.2.14 Taita Tavela scheme

Although water quality data for the Lomi River are nOt ava:lable thcre is some quesuon as
10 the suitability of this water from a salinity point of view. The effects of retumn waler
on Lake Jipe arc unpredictable but the cxtensive papyrus swamps around the lake may
provide protection against pollution. The extent of water loss to Lake Jipe and the cflecis
on lake level are also unknown. ‘

12.2.15 Thanatu scheme

No relevant data are available. Nearly 5,000 people will be living in the project area by
1995 according 1o recent projections.

12,2.16 Turkwel scheme
Several points can be raised concerning this proposal;

(a) Itis probable that ASAL key production areas are targeted for development here;
if this is the case then the proposat shouvld be reconsidered. This should be done
in the light of the performance of existing Turkwel irrigation schemes which
according to one report have a particularly poor record of production and suffered
large cost over-runs. This same report questioned the whole concept of trying to
develop irrigation in ASAL areas, a view which the present author supports,

{b) The extent of water loss and quality reduction in the scheme and the impacts on
dowastream users need detailed evaluation before further consideration is gwen

to this project.

(c) The probable impact on fuel wood resources by project inhabitants should als_() be
given further study.

(d) This scheme lics down river from the Turkwel Hydropower dam; the reliability of
water for immigation should be assessed in detail to ensure adequate flows for
irrigation and maintenance of the river ccology and supply to downstream users.

12.2,17 Upper Nzoia scheme

The only foresceable problem here is the impact on poputation; estimates mdlcale that
over 15,000 people will be lwmg in the area by the year 1995. :

12.2.18 Yala Swamp scheme
(a) The destruction (recla'mation) of 70 km2 of the Yala Swamyp is required to

implement this project which in uself may be a major ecological loss. Further
study is recommended. : : .
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(b) If the project goes 2head the return water should be fillered through the remaining

©

swamp to reduce the pollution load on Lake Vicioria as much as possible.

It should also be assessed whether the scheme will adversely affect the hydrology
and ecology of lakes Kanyaboli and Sare, both of which contain fish species
endemic to Lake Victoria but which are now endangered by over-fishing and are
uncommon or absent from the Winam Gulf, These fish include once commer-
cially important species of “tilapia’,
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Table N11.1 An enviromnental checkhist for hydropower development schemes.

i. Environmental effects due lo project tocation
(1) Resctilement and compensation
(2)  Encroachment into river catchments
(3}  Encroachmeat into National Parks and Forest Rescrves
(4)  Impainment of historic and cultural anifacts and sites
(5)  Catchment erosion and siltation
(6) Impainment of pavigation
(7)  Effects on surface and groundwater hydrology
(8) [Lffects on migrating fish
(9 Inundation of mincral resources
(10y Other adverse inundation effects
(1)  Improved access across niver via the dam wall
(12} Impaired passage across reservoir away from the dam sie

2., Problems from oversights in planning and design
(1) Road erosion
(2} Pre-impoundment reservair site preparation
{3)  Water nights contlicts

3. Probiems during construction stage
(1)  Erosion conirol and silt runofl
{2)  Other construction stage hazarnds

a.  workers safely
b. sanitation of construction camp
¢. water-related and faccat-oral diseuses
d. dust, noise, fumes etc.
¢. social pressures on local communities
4. Problems resulting from deficiencies in project operations

(1) Downstream {low vanations and bore hazard
(2)  Reduction in downstream fishery yield

(3)  Delia fishery impacts

{4)  Downstream eroston

(5)  Downstream water quality

{6) lLack of reservoir management

(7)  Euwophication and aquatic weeds

(8)  Disease vector problems

(9} Reservoir bank stabihity

(10)  Operation monttoring

5. Potential environmenial cnhancement measures
(1) Reservoir fishery management
(2)  Drawdown agriculture
{3)  Downsiream community waler supply
(4)  Downstream aguaculiure
(5)  Forestry and wildhfe reserves
(6)  Tourism and recreation

6. Additional considerations Tor hydropower projects

(1)  Design opiions
(2)  Characteristics and eavironmental impacts of design options

NALT-1



: . . “s15040) SUMOAU To svedut 21qussod | (S)
-ausayos noptfun perwmosse ol Ag TIe DoRINpoad A3 "TYSY Ot VOISO qIsIod ()
) “rsuorssmayadar TeuonrwIstur oiqIssod srevsur Aavey SN0 1oply. ()
IS WIRP DY JEOU TOALSA I AQ PRIRPUNTY 5q TlA TIOM IUSTARND IDIem TTELS Y )
. Tuofeas AIp Uy WP M MO IOALE oM UT £ressesdn smoyy sonesuadmo]
UWCARTEMOT AT ST SIUS-GE QORI O AMUM WD I MO LA AL} UI JnO00 TIM SMOT AOQ ZamOd 4] :
' i “Ayrpeab rores onpar Ao amee dumems (1) ISELON

Aioanadsar 50003 red = I'd Aeanoadsar strenulosoTeddn 7 SsenitosorsTyDs TR swoq somod = ISIWE

DOSSISIT JOU IO UMOMMUN = / O 1oudin IR = 4y
- pavedronme yoedun weogudis ou = == soudan Y3 = pune
. © 1oudunt MOT = o 1900 WesgTISES 150W O & (uwmm)
== = == == = == == == = == . 1A
) = = { " == Lde - N - . TRuomp
- {8 e == ¥ " == PE - [ - " O Press) A0
(s / / == ) - . == - (O == == == = my »ddn
ws T Swi .._ * == " » == . ey
== == VA - . == - » == - TWag
o ww == - / == e - » . “n3ompN
== = wl LT L == - - " L] moem
== == == - ! Ha = == = = nany
s £ == =zx ] = - = == === SmT(]
(€] n...:.:- ) == 198 Wenn ey == == [T - = - SNIOPIO
/ / ! Lm / idw / / / ! AoreN
(wwuw) == == - = == .- - e - e
/ / i / dn . / / / oMy
wen = == - ] 2 = == = == domuvd\s.
ws s s " = = == = ) = RISHFD
== = me - [ - == == - == CQese]
== it == - == dw == == == = (Tom) 152301 IPERN
© == man = T — == o, == me == = {wrep) 159330, TRreN]
== =R £ n = e - » - L] wqIeW
@ - i Hou - ! == (amun) w we o emBemBepy
f = ! / == = " . . " Tetpuo
= i = ww = Hwwe == == == - Wl
4% o - / / e = w. - - - nhghsm
a1.__2 puo> nE“cE aﬁ“«”u: uocMu_-ﬂnno JA.WMMB ﬁwnwﬂo E] ucucH.. [P e — — — Y
SHION 25T L3 M, fitpenb’ Rvyes qnass/ysng sgenby , e uonuoo?% Busnoy  sdoid Pl TSP JO JWEN
o JHIISR RUQTIEN 107 partabal uonEsUAALO])

{T/1) sonsTR( [PIUNI0J 307 SINSo: FFY JO ARWamG 2T [N J1qTL

N-H-T-2



ROTTUHUIOTLIL JOF POILITIOD SIS (T}
vonedun ureld ouey o yswen Inen (1)

Apanoodssr 1sauo] wred = J'g ATeanoodsar sisenwosouedAn 2 SISEOUOSOISIIDS BURIEW ‘soi0q Waod = T'S'W'Y

PONSOSSE 10U IO UMOWDUR = [/ 17e0UR MRIDPOUT =
poredogue 1oedur JuesgIudis ot = == redun Y8 = ppe
awedwt MOl = 10w JedITUBLs 190U S = (pmom)
(4] - - - = == == - " e e {wequrenyp) TEny
) ws m= = - = P = = == = USRIy
(4] == - == - == . == e = e NEASHWDYD
() 41 .n == ] == == == == b == == NLA/APUCS
== - - - w == - - - 'Y ammeda
= == E - ! - == =g == = TOIMUIMy,
LT b == == == = - - ww e FrEreeD
™ == == = == == xn an o mw wel
i o = == E == Y -w - Y ?hnva—
. = = £ = = n o e -a y-umy
/ / / " / W o ! / /o Yo addn
- = == = = == » . " . ) - FOQIN
== =3 == == / " - - ’ » - sgnmin
. . {poururexd Apmuswenddns ssmong)
. SIucS Swalqosd SpIesey DUCIES (D . SpOM WSO IUSWARIS gy on . sdoiny — . .
SHLON 250 INBM Arrenb foyes quuas/ysng suwnby A ongsoTy . PIISUTED JO RUEN]

PR Jneoy TewouTN 103 parmbar vonesuaduesy

- {27 senswIng] renUNO 107 SIMSaX YT JO Avwmums 7 TIN dlqel

- N-H-T-3



PIGEOAI 3A0QW WA WEQ 7/

nnﬁ caaaomqan TOAZSAY) & {$fm 103 Amedes s posmbar) = um.uoﬁ sl Y

.m «nOmu% Hdno.«uom .ouuu..ow.

Apras baeaw& =8/ .%am bﬂnaﬂuo& w101 ‘ueyd Iovem = g “ofvs _ﬁvﬂm

wzamod SToAeIpAY w J “UONRR = [ Afddes zaem w gy *osoding
"ApTng STq)UT PARUSPT Rimat amsep ©.5mO0S ., POREA 510N

L'6€ 0Z9'TTL - 08Py 5§ o'sog't - . 2.:. TY9ss TTH8S - OTTL OTLLT . 000l AT SR 969'C SUENT A opomg 0T
187 sy OITl zy 1'SI6'T 089'€0T 0T e vrvl wWOT  08°C  YETTEYL 300I6'T M AW g9 e oseng  VNZ Ny 6t
90 o6I'tr  39¢ 62 §'RB6'T OR$'SOT  Q0TL 6LD 60°01 669 0TS SSLET O SeRpsl o AW 91§ yorex oseeT VO »nddn st
&4 R YA 08 0'PEI'Z  wlLRTT L6 TEE 0L LSS SECT SEITT 0T M E7: WOV A0T . wwe T
z'0 00007 OTY o5 moﬁn; 000'11 Cro  sze TS ST'C S0 SOSLT wwul'l oM GO T PETeTy HEZ 0 Eeey 9t
Al SEO'RT 098 &P TS5 PRI'RL fTAC S & SR VAV AL %97 COST OPPES'T  TERSS'T A AW 108 uoynd  ER wed Sl
o0 QOTOY  LSL st Q'O¥ET  000'SE 0 IR0 $6°01 w6 TEL SUTE'T $9EET o QI 9 wsy T MMSWRED et
980 QTEYE 0RO aw vl UvE'ls 09°0 L1 196T OO 6621 SE'90T SUSIYI M AW fiv 0B, 07 owBowey g1
180 COL1'Ss oRE'T 65 TEYFT 09L'LL 06°0 T3 S Y 3 CRIT TS LUTHT  vEvr'l M SO HE1 ey gO7  Reawmy It
RN 039’61 08y vi TI6T'T GOO'ROT STT YO vES SUv 650 00l STOSIT M AW iy woy g weay 1]
0'1 08Ty 1 91 LERT YOL'T 190 £¥7 LY P10 OPE LTER'D EWER'T M 40U vy gEXD nhmndeng ot
0T 00L'691 - R8E'Y 01T Q0L - . 6YET 00'808 O0TI0L  00'LOT  0'E09'T  0%99't Id §d 09T npasg Oy weBenBy 6
£6°0 . 00Y0T 018 1€ 0'7eR’T  00P'9R 0071 95’0 PT'6 Te'R L8060 OSSRl M K LT mamy Ot WO f
BNy - A - mom . . - . - - - . - rd aa 09e%s wpuog  WIT BEMpUOS
60 oL £2e st S0V LLYGPT  ELT L6 6EEL BTl 1T LT Soer't oM I SRIT el VIt aml 9
£0 oveLT 00l 8¢ TLEY'T 08028 $6'0 890 LUL ce'r 0T ST TTRFL oM W 64T o1 VHI o> S
iy 055'YE 0TL'L 05 9088’7 ROG'OY Lr'o 9Cr 0605 oCsY 091 TLETT  OSTET M WM U uvoundry D01 Ul ¢
15930
aaggeuny - : - HHomo - 08R'RE svo - . . . . . PR/ S S L PN €
RS g0 096 (A % 1181 Ov0'Sh 011 LTT 6691 46°C O%TT S'ROSTT IO M A 1w RN VR TROMK W7
aasen 6T LTl vy t S9'T  999'8S RS0 LET 0961 RERT TT'X TLES'T TS M (a2 S 3 RN VEL w1
@E& T m
sm%hun , ,.q%www .”.m.mma% wa ﬁm @Mw (Ampigw)  (s/ew) nmq.._m% GRow) 9&3 wony (W (WD Qauw,\u %00
! ary oBums ofwuog  afeing ¢Tsd)y  9sod  ofmg W (smwp) Wiy SRy ON
sy k._w% wa TR TR es FA i T T D e S ¥, N S . -G T K G- R oany  qug pemwored  wey
CHEA un Anzudeg 93101 P [PAYT SN, JOARRY

(*ON] 2P0 WSBQ-QNS JO LIPIC UY)
(1) sowsum@y eRuUMog JO somnmod [edoulg  £TIN AQRL

N-11-T-4



H wedoy] (uowds  0omes
Apras Lqeesy = 547 ‘Apeoss Aimqrerayaud e /3-0k ‘weid Jnew = QN S08ms Apmg
PoqARs oA0qe By we 7/ “Zom0d JIIDPOIPAY =  ‘uotieduar m T ‘ATddns Iotem m p ‘Osodmyg
(507 uonmiodeas nOAZIS0I) » {8/ 205 Aroedes oBuiors pastnbas) m SReicns satdY 1/ APOTS STYL UL PILMUIPL A[MIU SNISUMRD § SMOUS o, PORNIA  TEDION]
1 096'Z (A 0z G'E0r'T  vOr'Tl 9T0. U1 WA £2'01 - LT'D 6035T  000Y'T M am &K nnmReAN VWS Ry Q0
[ QIEY - S0t 1 REI0T L6852 £0'0 £9°0 £5'C §6°0 00T PO10'T  BTI0T M S 49 XoneN owMT VWS mnwny  9¢
. . . ’ . e
T 09T'TYT  OT8'S [ 0SS : . 0F'LY  BLGGS'T  SLLEE 10Tyl 0°00% 0TS d Sh-ad svLl avl  gdr  DOWOMOT S0
s or6'Lll OLR It o'pss - - 060°T  L0'98E 188 9797 QTvs o055 d S 6TEST wel Vv HuompE g
60 00T'TT 001 $C 0'¢RE‘T - LA £ORT gier  0E1 0658’1 0'0RE'T 1 S gLl WL o vay W oo o«
1 (711 & L 3 o 101 T G 14 & SRR A8 08'1 018 668 LO°T 90TL'T 9Ll I'm dW 8€E WTRLD VOV qeneqny - I
BAU-Jo-uny 570 Qot't. - - TLe'61 L20 - . . . - - M N 9% «qoRy WG queg g
90 QL'Ls  LIT'E Ll 906 -Q09LET  SLT 9T'¢ 001t 00'50T  00'% §T68 958 M IW vl B0 A 1N AN Of
wems-uG . T 4% 1 08 i7 1'vé 00T'ey 0§'0 155 LTLe LT 009 §i8 116 A ST orzT'e Yy VI ey |-
091 OrZ'Syl  BR&'Y 44 iRL 009911 0S¢l 19'62 0T08% 0%'08% 00°001 L 1'Z8L 1 dJW 000N0L Ry dde vy 2
R 8TE°LT ..own vZ POIT'T  Op9'R . 010 si't £8'L 6% 09°¢ LLTT'T SLTLOTY m Sl L wiN e wnry @Z
Cer0 T S8T9T 094 -6€ CTTON'T 095'eE or'o 10T £ULT 29°8 §O'81  CTISE'T  CTLSE'L M dIW ELE sl VI oMn 92
L6 RO < N /114 B 9 LERSY'T Ov0ILIe QL9 QL RT TUYTT L4t A R A £l I'm 4N 09 ninapN  g0¢ ninery T
Lo 06’8y BIS'T . 6E06'T w0t $€0 180 051 P A A 5681 6R'T M an T my 0% W b7
20 - 08TR 122 T 9600T 0091 STO 50T | 6601 0501 670 . 66BE'T 0T M W, 18 9OmeN  VES oy 62
L0 0Tl 1744 21 L8SLT . 000'01 Ve 600 LT L't 09°0 LLelv o LSSUT M a0t oeny Ve oy T2
L0 R 740 TR VA ¢ % LSS 0T6'5T 050 . ZT 0£'01 0g'L 90¢ 6'Tws"1 L1155 A S 00 MY YvE mvedy
zu 80 (LWt} . . [¢A) v . . - awp

TNOPARIT 0001 A (@) (WD (Aepgw) (sewd (B OW oW ow (e (orizn vy 0D
AWV 1900 U0 e wBrey . san oy sfmmg  ofwoigs . Wwumg : {1gg) aosod oBeg fuinle - (answeEp) | WITeq snsuwy  CoN
CHOATISYY  -ASUO)  -Yequ ] (] PRA SORING i) Ay g “T'AT "TAH ~ng - Apes e @A Qg [rttuneg o
TR o son. C . : : S ’

: e o - o ey Kiowdey 0Beacis % 1AV TTR A, FOAIDTSY

("ON 2P0 WSLQ-qNG JO LIPS uT)

(T/2) vousureq peRunod 3o somipsd edd  £1IN e,

N-I-T-5



Table N11.4 Water Quality of the Ewaso Ngiro (South) River.

- * Date of sampling R

Parameter Unit 0309 1301 0309 0411 0603 0805 2608 1512 11-04

1982 1983 1983 1983 1934 1987 - 1987 1987 1988
pHt - 62 68 69 13 14 70 64 62 64
Turbidity - 21 12 20 5 s 4 18 21 7]
Colour - 70 - - 15 & 5 {1} O -
Conductivity uSfcm 66 o0 52 80 120 154 280 162 15
Tron -~ mgh - 20 - = - 32 16 =16
Mangancse mgft - 0.1 40 @ - - 02 or . - .
Calcium mg/i 30 18 10 48 (00 08 22 40 18
Magnesium mg/l 06 18 - 0.5 39 10 08 - 20 [13.0)
Sodium mg/t - - - - = 20 210 20 @ -
Total hardness  mgll - 12 | 4 14 42 20 1618 (1m
Total alkalinity ~ mpJi 58 26 36 46 0 MM 50 &0
Chloride mgfl (ss) 3 3 17 8 7 6 [0 4
Fluoride mg/l 0 0 0o : 2 - 0 0 0 0
Sulphate mg/l 0.2 0.5 - 0.8 - 1.2 12 . 06 03
Phosphate mg/l - - - - 0.1 0.1 0.1 -0 =
TDS mg/l 4 54 312 48 7”9 18 9%

[ ] = doubtful results
Source: MOWD database.
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~ Table N11.5 Water quality of the Ndarugu Dam Tributaries, 1983,

' N _ - Koo River L Ndarugu River
Parameter oUnit o 2 3 4 1 2 3 4
pH - 722 69 76 15 67 81 14 11
Colour - . oHazen . .70 .75 - = - 180 145 - -
Turbidity - FIU - S0 63 - - 10 92 - -
BODS - . mgh 100 630 07 89 5100 40 - -

COD . .- - mgh 8 182 30 30 4 12 70 190
Conductivity - uSfem 250 165 - - 47 63 - -
Total hardness mg/l 55 .33 M .52 12 32 30 80
Calcium hardnéss =~ mg/l 7 B - - 16 28 - -
“Total alkalinity mgh 112 83 80 103 23 32 45 21
Total solids mg/l 470 384 - - 328 202 - -
TSS . : mg/l . 134 132 - - 168 . 46 - L=
TDS , mgfl - - 18 18 - - 42 114
Calcivm mg/t 34 24 42 5 6 28 29 33
Ioa - mgh 02 1.2 - - 04 04 . L
Magnesium mgfl - 310 1790 114 201 . 80 140 . 17 5.0
Mangancse - mg/l - - 00 20 - - 00 00
Potagsium mg/fi - - 478 584 - - N2 u8
Sodium mgl - - 116 118 ~ ~ 68 29
Copper mg/l - - 02 00 - - 00 02
Lead  mgl - - 00 00 @ - - 00 00
Zing - mgd - - 26 08 - - 18 14
Chloride mg/l 6t 56 20 HY 33 22 13 -
Fluoride mg/l 097 097 ©77 085 076 - 078 043 -
Niuite o mg/l 0001 0014 - ~ 0005 0080 ~ -
Nitrate - - mgl 094 030 - - - 083 055 ~ -
“Total ammonia mgA 6.20 - - - 350 260 - -
Phosphate mg/l - - 0.2 0.5 - - 0.1 0.1
Grease - mgll 030 017 - - - - - -
Legend
Komu 1.......at Munyu Ndaragu 1....at Komuo
Komu 2.......at Athi River Ndarugu2....at Thika Road bridge
Konu 3.......01 Thika Road Ndarugy 3....a1 Munyu
Komu 4.......at Munyu Ndarugu 4....at Thika Road bridge

Note: Sample numbers 1 & 2 from each river were analysed by the Industrial Rescarch Consulianct Unit,
Faculty of Engincering, University of Nairobi samples 3 & 4 were analysed at the MOWD
laboratory. -

Source: Ref. G24; Annex 2. -
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Table N11.6 Water Quality of the Ndarugu River Station 3 CA 2.

- Dateof sampling - . ,
Paramelee Unit 1310 2802 1206 1106 3107 14.01 1503 o
1982 1986 1986 1586 1986 1987 1988 MEAN
pH - 22 78 66 60 64 73 69 69
Tubidity - - k)] 72 140 53 43 15 59
Colour - - - 200 400 - 100 175 50 185
Conductivity uS/cm 74 155 150 46 60 80 166 164
Ion - mg/l 6.8 - 47 105 34 48 01 51
Mangancse’ mgh 0.50 - 017 9042 016 035 010 028
Calcium g/l 30 - .9 0.t 0.9 0.3 13 23
Magaesium g/l 22 -6 03 09 100 29 1S
Sodium mg/l 12 - 18 -5 7 -7 4 -1
Potassiuni mgfl ~ -~ 450 L5 10 22 38 107
Total hardness g/t 12 30 26 6 8 16 30 18
Total alkalinity mg/l 3% 52 38 11 18 28 92
Chloride mg/l 6.6 8¢ "S6 56 11 70 80 68
Fluoride mgA = 070 044 030 024 026 03 038
Nitrate mg/l - 002 007 005 006 008 - 006
Sulphate mg/l - 03 03 36 -7 03 13 12
Phosphate mgA 0.02 - 801 001 006 001 001 00
TDS mg/l 49 93 %0 28 36 48 0 100 63

Source: MOWD Pollution Control Unit,
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Table N11.7  Water Quality of the Moiben Dam Tribularics, 1985-86.

B : ' Chebeinet . River siben Riv
Parameter - ' Unit = -Moiben ~ Chebeinet -Mmben River
- - 231085 160186 . 210286 21-03-86

opH : I X 9 15 7.9
Colour .= = mgPA -7 400 15 o 35

. PV N/80, 4 hour Cmgh - 14 .29 65
Conductivity - uSfem 10 : 47 15 . 15
*Aluminiom mg/l ' - 0.10 0.05 m
Clon - LemgN = 055 016 - 038

* Mangarksc : - mgh 0.10 000 000 0.05
Calcion mg/l 152 7.6 240 24.0
Magnesium - ' mg/l | - 20 6.8 - 42 6.6
Sodium = “mgfl 18 14 46 3.2

Potassiom . mg/l 38 - 24 - 29 3.0
Sitica “mgh 17 20 20 M
Total hardness mgh CaCO3 48 72 8 88
- Total alkalinity - mgACaCO3 =~ . 86 110 115 101
‘Chloride S o mg 2 ) 29 38
Fluoride C mgh 0000 - DDI2 0.020 0.180
Nitrate . mgfl - ()] 000 - 0.00
 Nitrite : mgd 0.012 (M. 0.000 0.000
DS mg/l o= 135 154 59
COD 2 hour) _ mg/l 12 0 0 24
(1) = trace,

-- = no data.

Source: Ref. K72 Eldorel \Va!er Supply Phase 11, 1986.
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Table N12.1 An Environmental Checklist for Irrigation Schemes.

Aciions affecting environmental rescurces and values

(@ Enviconmental effects due (o project tocation
(1) Encroachment into foresisfswamplands
(2) Impediment of movement of livestock and wildlife
(3) Empairment of historicfcultural antifacts
(4) Conflicts in water supply rights
(5) Regional flooding/drainage hazards

(b) Problems from oversights in planning and design
(1) YWatershed erosion _
(2) Downstream water qualily problens
(3) Suitability of water supply qualily for irvigation
(4) Overpumping of groundwaicr
(5) Adeguacy of drainage planning
(6) Land teoure problems
(7) Fanmer credit limitations
(8) Feasibility of cooperatives
(9) Feasibility of water users associations
(10) Disruption of existing farmer cooperative systems
{11) Use of agiicultural chemicals
(12) Selection of pesticides
(13) Land use conflicts
(14) Inequalities in water distribution
(15) Canal maintenance
(16) Passageways
(17) Scouning hazards

(¢) Problems during construction stage
(1) Erosion control '
{2) Other construciion stage hazards
(3) Monitoring during construction

() Problems resulting from deficiencies in opcerations
(1) Inadequate O&M
(2) Adverse soil modifications
(3) Changes in groundwater hydrology
(4} Water-oricnted disease hazasds
(5) Toxic chemical hazards
(6) Fertilizer runoff hazards
(7) Opcrations ntonitoring
(8) Aquaculture water supply

{¢) Realization of cnhancement potentials
(1) Communily water supply and sanilation in service area
{2) Aquaculre in service area

() Overalt environmentat review criteria
(1) Unwarranted losses of precious resources
(2) Unwarranted acceleration of resource use for short-term gain
(3) Adversly effect the national energy and foreign exchange siluation
(4) Unwarranted hazards 10 endangered species
(5) Undesirable migration to urban centres
(6) Increase the aftluent/poor divide
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Table N12.2  Population density projections in short-lisied ierigation scheme locations, 1990-2010.

Hsuimated size of

Project
Arcaof Imigated as % of population affected

Name of scheme Looa.uon lg;%t;n (g‘;}\_ Ioc:;on 1996 1995 2010
1 Aror } Aner 104 1,340 3.0 50 56 57
1 Mon 347 15 17 17
Total 635 13 74
2 Kano Plains } North Nyskach 166 26,150 30.0 14,065 14,512 12,524
1} West Nyakach 66 5,075 5,254 4,517

} N-EKano 223 17,209 17,809 15,341
} S-EKano 234 16,057 16,818 15,372
¥ NWKano 16 7,752 8,026 6,908
} S-WKaw 88 5623 5808 4990
Total 65,781 68,227 59,652

3 Kanzalo Mbiumi 146 4,055 21.8 8,364 9,632 13,762
4 Kibwezi extension } Npwata 284 13,200 1.7 3,196 3,740 35,304
] Miiio Andei 833 3,905 4,672 7,232

Total 7.101 B412 12,536
5  Kimira Ceniral Karachuonyo 1t7 2,000 17.0 7,100 8,350 §2,820
&  Kunati Mwonge i 1,050 21.6 2,888 3,339 4,746
7 Lower Ewaso Ngiro Magadi 1,116 16,000 9.0 1,000 1.400 4,100
8§ LowerKuja } North Kadem 201 1,900 3.5 824 959 1,385
} SouthKadem 338 1,856 2,142 3,130

Total 2,680 3,10% 4,515
9  lower Nzoia/Bunyala )} East Bunyala 19 10,480 276 3,552 4,009 5330
) South Bunyala 97 5,046 5,714 7,556
] North Samia 121 9.457 10,656 14,519

} South Samia 143 8,983 10,126 13,711

i Total 27,038 30,505 41,116

10 Lower Rubigazi 1 S, Mbeni 178 1.800 5.5 563 669 1,009
} Murinduko 153 971 1,137 1,685

Total 1,534 1,806 2,694

1 Mwea entension Mautithi 40 2,900 72.5 36,163 42,949 67,019
12 Sabzki extension } Dagamra 67 3.000 21.6 1,392 1,624 2,349
} Garisha 72 1,116 1,287 1,876

Total 2,508 2,911 4,225

13 Tana Delta ) Bifisa 11,003 12,000 0.9 102 204 204
) Salama 633 83 100 159

} Wil 1,219 11 178 534

_ Total 256 482 897

14 Taita Tavela Taveta 532 3,780 7.1 2,722 3,175 4,612
15 Thanantv ] Thangatha 168 2,520 10.1 2,720 3,145 4,454
} Mbeu &1 1,460 1,689 2,394

Total 4,180 4,834 6,848

16 Turkwel ]} Lorengippi 2,102 600 a.1 9 S 6
} Kalapata 2.021 20 20 17

' Total 30 30 24
17 Upper Nzoia Ndalu 185 7,550 40.8 13,213 15,327 22,726
18 Yalaswamp } Usonga 93 7,000 359 5,210 6,054 8,870
)} South Bunyala 97 6,577 1,447 9,848

Toial 11,787 13,501 18,718
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