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* EXECUTIVE SUMMARY

= Banlsgrmul

1 Recent completton of Kiambere hydro plant wrth an 1nstaiied capacrty of 144 MW.

o jand an addmon of Turkwel hydro plant with an 1nstalled capacny of 106 MW in 1991 will -
o _rarse the totar effectrve capacrty to a level of 7 50 MW in the Kenya power supply system

. in whrch power supply of 30 MW from Uganda is’ mcluded But, recent power supply .

R shortage in Uganda makes hard expect the xmp-orted power as. ﬁrm T

2 Power demand in Kenya mcreased wrth a high rate of 6.8% per annum over a
L :penod of 1976 to present varymg annual :ncrease rates of 1 7% in 1982 to 1983 and -

: : '1‘_‘10 8% m 1985 to 1986 Funhermore, power demand in Kenya 19 expected tu rcach S
718 MW (3 529 GWh a yeat) m year 1995 and:938 MW 4, 578 GWh a. year) in year" g

Cn = 2(X)O accordmg to the recent power demand forecas by Kenya Power and L1ghtmg leited o :

(KPLC} 'I‘ o mee’ he growmg power deman

| - of 1990'8 Even wrth such new addmons of- power plants, the power’ system in Kenya
__Ewon‘ad requue the deveiopment of sorne 200 MW by year 2000 to meet the power demand :

' 3 Agrrculture in Kenya mamly pracnses in a ramfed condition, much relyrng on
e ramfall 50 that marze, staple food in Kenya is vuinerable 1o the change of chmate and its

i 3_producuon largely fluctuates year by year followmg the chmate condrtron causmg foodf

'fshortage in d:y years Thxs could resuIt in the lmp()l’t of staple food In a.ddmon, reccnt

e :""_-_f_nnport, whrch 1s another reason to agglavate the natronal ﬁnancral balance

_ o Under the above condrnon “the: Government of Kenya launched a programme_ '

"jfiff::-'_}‘-werghmg on two pomts to achreve the self—sufﬁmency of marze and | rice and to promote o

"_7 _?' :',agnculture-based 1ndustry for mcrea:smg the added va}ue of tradltronal cash crops such as .
_ftea and coffee toward year 2000 as part of a Toni g—term economrc development slrategy B

A pro;ect to alm at developmg" hydropower potenual in: the Sondu Rwer and-‘ :

b _ such new power plants as Sondu/an R
SRR j::'hydro of 60 MW an: ,-.geothermal of 115 MW are_ p!anned t0 be developed in the latter haif o

shift of consumers taste from malze to rrce on -staple: food spurs the increase of food ET

| . '_‘ enhancmg agncultural producnon in. the Kano plam in an mtegrated manner was proposed e

.""'i-‘;"_b"'-'Japan Intematlonal Cooperation Agency (JICA) in 1985 consrstmg of three




S development components, Magwagwa dam scheme, Sondu/Mmu dlvetsmn scheme a.nd '

o urtgatton scheme m the Kano plam (refer to thure S 1)

5. ']he Magwagwa dam scheme has the functrons to regulate rrver flow wrth tts

i -;'-reservorr capacrty of some 800 mrlhon m3 for power generatton and rmgatron water_ .

b supply and to generate power avadmg head created by dam 1tself and 8 kin long waterway o
' '."I'he Sondw‘Mmu dwersron scheme has dual functtons of mter—basm water transfer from the )
_'Sondn River to the Kano plam and hydropower genetatton texrng advantage of head
'_ " Lexisting between the intake and outlet srtes of the diversion tunnel The Kano plain
(R ;ungatton scheme, commandmg an arca’ of sofie 26, 0(}0 ha, aims to enhance dgrteultural -

o ; "_:produetrvsty by mtroducmg the Sondu Rtver water S

v 6 | The Govemment of Kenya envrsaged to develop the Magwagwa hydroelectrtc y

W ;=I: :power development pro_tect m lrght of her energy and agrtcultural development poltcres ie. e

D ‘_'exploratron of 1nd1genous energy resources and achlevement of self—sufﬁctency ort staple' '
food and requested to the Govemment of Japan techmcal cooperatten in can'ymg out its

T " Inx response to the tequest of the Government of Kenya, the Govemrnent of Japan S

= o ‘.drspatched a mrssron consrsnng of ofﬁcrals of Iapan Internatronal Cooperatron Agency, the 2

s offi cial agency responsrble for the rmplementatton of techmcal cooperatton programmes of

- :‘the Japanese Government to Kenya for drseussmg the scope of work of the Study w1th its R

o .counterpart agency, the Kenya Power Cempany ertted (KPC), in August 1989

-':;}Accordmg to the scope 'work i) prepared under the drscussrons of two agencres the} B

l_'objectwe of the Study i is o formulate an optnnum plan for the Magwagwa Hydroeleemc
Power Development Project and to assess 1ts technrcal economrc and ﬁnancral feasrbrhty

ttme R

: The study was commenced by drspatchlng a study teern io Kenya for a perrod of -

':January to March 1990 followed by field mvestrgatron fora penod of June to November, S

-1990 The study team returned te Japan wrth the completron of ﬁeld work unmedtately _
started the work of selectton of optzmai development alternative and scale prehmmmy

o destgn ata feasrbrlrty study level, preparauon of constructron plan and cost esttmates The = '

-;_Intertm Report was prepared m Mareh 1991 by mcorporatlng the results achreved by that- :



F he work was conunucd by July, 1991 for elaboratmg basic demgn at the feasﬂnh[y
: _ study level prcparanon of construcnon plan and cost estlmates and for asscssmg cconomic
" and fmanczal viability. An overau evaluc\tmn of the pleect was fmally made including the
- - asscssment for the: natural and socsal unpact studles Draft Final Report was submatted in
' August, 1991 by deahng wnh ail the results achieved in thls study S LA

| o _:--Report w1th KPC ns counterpart agency By mcorporatmg commenis ramed fmm K.PC io -
. thereport, Final _Report_w_as subr_mtte_d to- the_ Govemmcn_t of Kenya in October, 1991.. . -~

o (1) ‘_'_i];"méﬁéni'd%ﬂne_:pmj'éét E Ll

_I -.::'i'_-:;9. : The Sondu Rwer, one of sm major nvers in the Lake Vlctona basm orlgmates _
e '-from thc western slope of My Escarpme:nt, nelghbounng the Nyando. River in the north
and:the: Kuja Rlver in'the, south

"ch;llecnng mbutancs the Sondu R1 er generally ﬂOWS down westwardly Aftcr two major |

o trlbutanes, the Yurith and. Kipsonm nvers, mierge, the Sondu River enters the RATOW
; gorge peneu'atmg the Nyakach Escarpmcnt where thc proposed Magwagwa dam. hcs, and
5 'further falls i n cascade with sccmc waterfdlis called Odmc talls to the ﬂood plams at-

'Medndenng high 1ands thh gentic undulanon and - |

. -:"Nyakwere The Sondu Rlvcr fmaliy drams m the Wlnam Gulf of Lake Vlctona w:th a '; o |

. “'-V'.:-.','_:;Catchment ama of 3 470 km2 at the estua:y

" ':Mejéoioksjgysas‘nai_ﬁydi@iagy‘— e

SRR L1} The chmate of the Sondu River basm 1s mlld w1th smali vanatlon of 19“(3 to 25°C
L on avv _gc'monthly air tcmperature throughout the year due'to thc hlgh clevauon of El '
o 3_':-..-:1 600 m to El 2 700 rn Daﬂy a1r tcmperaturc f‘iuctuatcs largcly, rangmg from 15°C to -

_Mean annual ramfall of rcccnz 49 yedrs between 1940 and 1988 was obtamed to be . _

hyctal map'of annual ramfaii in tne basm 1s gwcn in Fxgurc S2. Annual basm rainfail

e dlsmbuuoh pattems of momhly ramfall show a peak over- the pcnod of Apnl to May in the ]
o fcentral part ‘of the basin, bzmodal peaks of Aprﬂ o May and July to August inthe eastern.
e pan and a peak cvcn not consplcuous in Apnl in thc westcm part (rafer to Flgure S 3)

i ,05 mm by computmg anthmcnc mean of the seiecled 13 gauges in thc basm whﬂst an

n ih oihcr hand ﬂuctuates bctwcen 1, 152 mm m 1984 and 1,892 mm m 1978 The_ S



'_1 Monthly runoff recorded at IJGI a stp oam gaugc qtandmg, near Sondu. TOWilShlp,
) :_esnmatos moan anmxal runoff of. 42 0 m3/sec A duratlon curve, drawn by tho series

R mothod at the Magwagwa damsue based on the daﬂy runoff recorded at HG1 (rcfor to
S _::_Flgum S 4) gnos 4 3 m3/qec a.s the 95% guarantee ﬂow ovor a ponod of 1946 to 1990

) 13 Mean annua. sedimont yield at thc damsxte was esnmated by sunulaung daﬂy runoff
' data of 1947 to 1990 o the dovcloped runoff—sedxment ylo]d curve, rosultmg in" -
S 531 0(}(} m3/ycar or G 168 mm/kmzlyoar in to1 ms. of tho denudatmn rate. |

-’_',.j‘(:'a); : joeoi_c-,g,'- o

| 14 The upsﬂ'cam areas of the Sondu-Rwer basm form gentle ﬂat hxghlands reﬁectmg |

- j_;the geology composed of strata: comparatwely younger than that of the downstroam aroa .

O and: are covered with Ternary andesite lava called pionclite. The areas in the lower reaches -

: ":-_-:‘_:oo the other hand expose ‘the basoment of motasodnnentary rocks, 1gneous rocks in Pre- -
L - J_‘Cambnan and gramtzc rocks in’ Post Cambrmn Predommam in'the project area locatcd m_:
S the middle to Iowcr rcaches are Pro-Cambnan andesne, felsnc and sedlmcntary rocks (refcr_ o

fi fto Flgure S. 5)

15 Accordmg to thc selsmlc zonmg map of Kenya and earthquake data collected from

L 8 flntomanonai Scnsmologlcal Centre the pro;ect s:to fails into the rather low. sclsmlclty zone
- of "'VI" (210 10 44.0 gal, iie. 0.05 G) in Modified Mercalli Intensity Scale. The results of -
g selsmu: analysm rcveaied to be O 10G as thc coefﬁment of dam demgn in. wh1ch the .

i recurrenc ""_'ntcrval of carthquake is. adopted at 100 years o

{ ‘ It 1s reportcd in the 1988 meotmg of IC{)LD (Internanonal Comrmss:on of Largo B

B Dams) and by T. 'VIadut (August 1989 Water Powcr & Dam Construcnon) that Roservmr S
. Induccd Selsmwlty (RIS) 1§ rocog scd as a sxgmﬁcant envxronmental 1ssue relatcd to dam-.
'fi':;f_safcty “The nsk of RIS in ihxs area was predzcted by the approach proposed by T. Vladut,_

'_Q'_-"'mdicanng rare occurrence of mduced SBISmIC phenomena as the result of RIS analyms
S 5_shows a value of O 05 G, The nsk of RIS is thus wzthm the rango of safcty for the dam
R 'des1gned thh d vaiuo ofk 0.10 G ' SR :




@ Nawsenvironment
' 17 . :_*"_"I‘he'-ebjecﬁve_s of me{na_tu_';'afenVitdﬁhjental_. s:"mdy'foif'ﬂi"e f)rojeci are as foliows:

Ty ""._To 1dent1fy Impacts whlch are expected to cause negatwe effects for the
R .natura‘ environment by the Project, |

i) To evaluate magn1tude/s1gn1ﬁcance of the i 1mpacts ,

e i) - :"To propose ceuntermeasures for the mmganon of the magmtude of nnpacts
= | w) To evaluate the acceptablhty of the PrOJect from the v1ewpomt of the natural
e envm}nment and {6 recommend further studxes 1f any A

th 1udgmg that the EIA should be studied obvxously due to a large . '
‘_'_._reservmr-:rseheme wnh an 1mpoundmg volume of. some -800 m:lhon m3 The scong =
l-:-_:_approaeh intends to extract envuonmental 1tems and to def' ine the scope of study to examme

.-jassessment in’ Kenya,

> o the Env1ronmentai Impact, Assessment (EIA) by can'ymg out the Initial Enwronmental -

T Exammanon (HEE) for the Pro;ect pnor to the EIA

8, The results of IEE for 23 envzronmental 1tems based on the exlstmg data and the"f =
1eld 'reeoﬁna;ssance are gwen m Tdble S, 1 w1th prehmmary evaluatxon of the expeeted -
ffects, shewmg that the change of water temperature water conta.mlnatlon in-the
ownstream area, eutrophlcation vector bome diSﬂaSGS and dlsturbance of health facﬂ;ty '

o ,unilza 1on were 1dennﬁed 48 the 1mpacts whlch would cause neganve effects 10 the natural.
' K nt m and around the:Project qrea ' T :

RS 19.° | The subsequent EiA to the above ﬁve env1ronmentdl 1tems revealcd that only the
"_"'.effect en the pubhc health especzally spread of vector bome d1seases was cons1c!ered
o "sigmficant and the others were not The effect of the vector borne’ chseases could be

- '-'mdueed 1ts magnltude by takmg_ ppropndte countermeasures Therefore, it was concluded -
'ijthat the pmject wou}d_not icause any : nav01dable effects on the natural envxronment in and

‘t'hrough the wewPomt of the natural envuonment

around the Progect area Consequemly, the proposed pl’OjeCt was cons:dered acceptable; o



DR Social enéri,renmént e

20 '1‘he study on s0c1a1 envxronment arms 10 assess the soundness of the progect mamly
from the local people s pomt of v1ew m terms of socro-cultural and eeonomlc aspects -The
S 'mam objectwes of the Study are 1) to clanfy the currest eondmons of the socxo eeonomxc '
e fjfcharaetenstscs in the affeeted areds, u) to analyse socm-economle impacts of the project, m) -
L 10 prov:de basrc data and mformanon eoncernmg compensatnon and countenneasures

L mcludmg msettlement, and 1v) to recommend further studxes '

o 21 An mztxal screenmg of socro economlc lmpaets of the pro_;ect whzch meludes _
. mtemew surveys to each household to be dlsplaeed assessed that the causes of the most -
| . severe unpacts are hkely to he dlsplaeement of people (some 70() households mcludmg -

o "'_resettlement of the affected areas, when the,dam crest elevatlon is set at EL.1 670 m, as - - g

_ “seen in Flgure S. 6) and submergence of land (26 kmz), lnfrastructures and facﬂmes .
b "*fSome 95% of total house‘l ids surveyed expressed theu' concerns about a negative 1mpact :
- _;jf:, :._of land loss whlle 86% for the nnpact ot resettiemem e ' :

ki 32, . Compensauon is usuaﬂy rewarded in the form erther of land or of cash m nanonal ER

: .pro_;ects Apparently, however ‘the form of compensanon m recent projects in the world
_ o "has shifted from cash for land" to "land for Iand" especrally in the case that the dxsplaced I
: people largely depend on Iand typzcally farmers - o L

The Pro;ect should choose the "land for land" approach as a resettlement plan

" rbecause there are not.a few eondmons rn(hcatmg a hrgh poss:brhty that the negative 1mpacts_ o

_ ould take plaee A Iarge scale of dssplaeement almost all the local people prefer the “lanci?
B ( _iand“ most of the: d:splaced people are tradmonal farmers who are less educated hxgh‘ B

o ﬁ:;ﬁfsoelo-cultural factors stlll pa)’ lmpﬂrtam roles.

g 23 A prehmmary survey 1dent1f1ed“ sax'possrble resettlement srtes, 1) settlemem*

iv)_’_ADC farms in! Trans Nzoxa dlstnct v) Slmbauu farm and v1) govemment lam:l in
jKencho dlstnet based on the mformatmn denved from ofﬁcmls and local- people o

o -?_ used just for reference '

' 7._:populat10n pressure on land and dlmmlshmg ava:lable land and kmshlp systems and other'_ ' -

emes, u) swamp/marsh areas, m) Ngorna tea estate and other adjommg estates -

Tame S 2 summanzes a result of prellmmary mvesngatron on those poss1ble resettlement; . f‘
‘snes mostly based on lmpressxons thhout detalled survey, so that assessment should bv R



B 24.1? : It cannot be wnclus:ve that the })r()jcct 1s socmlly acceptablc and sound since
" resettlernent plans mcludmg compensauon restoranon plans and assoclated zeglonal
_.I_.'devclopment pldns in thc affected areas. have not been completely fommlated vel. To-
_ e i_":pursue the: acceptabﬂxty and soundness of the. prqmct from the social envxronmental point of
N L v1ew followmg are, m pamcular recommended among others for further studles

) Appmpnate understandmgs of mvoiuntary zesettlements and other socm- _
. cconemlc 1mpacts of the pI‘OJCCt '

RN It 1s qmte mdlspsnsabla to recognlze the substannal lmpacts of the PrQ]ect o o

;., _fspeclally due 1o the mundauon of the rcscrvon area, the necesslty of "land for &
IS land" approach as well as the 1mpdcts of failure in rescttlement and restoration -
Ll not enly on the affectcd people but on the PrOJect the rcglonal devclopment '

- sand: nanonai dwelopmcnt Thls component is an. mtegra} part of the Pro;ect o
- and not taken as the secondary status '

L . b) "Instltutlonal set-up for formulatmg the requ:red plans and countenneasures as -

"':The msututmnal set—up isa prereqmslte to carry out the furthm studxes to
. ""-'ﬂ'formulatc the. reqmred pIans The KPC'is cxpected to establish such special -
“ ot of functmn of whlch tdsks mclude pubhc relations with: the affected__"
_ 2 peop}c-t smoothly carry out the studzes and coordmanon w:th the rcqulrcd -
o lme a!fcncws!mlmsmes - - ' : '

) ‘:""Involvcmcnt of the affected peoplc and the ofﬁc;als conccmcd

- as the officials concerned, in formulatmg those plans and coantermedsurcs '
B Many rcsettlements 1n the past pro;ects in thc world have failed mamly due to
o Eless mvolvement of them and msntunonal/orgamzanonal mcapabxhty

o d) LFuil cosung of all the components of the plans and countermeasures

;' To get the pIans feasxble n is essentlal to mvolve thc affccted pcople as well S |

| ":'ﬁ_:As underesumate of the costs of the reqmred plans lcads to underﬁnancmg, alI_ C

‘the costs rcqu:red fo " _‘ nple
: ybe csumatcd bascd on dctaﬂed surveys




) '-'Commencement ef the further studles as eariy as posmble with adequate _
R -resourees and experts : ' '

' _;;It wrll take tmte to carry out the further studles especaally the 1dent1ﬁcauon of
o ':'{-'resettlement sites, wh:ch wrll come the- ﬁrst among others in the resettlement
' o plan and be the most 1mportant component, whreh will reqmre quahfted and_ '
| e _sufﬁcxent number of experts. Also, comprehenswe and detailed base«-hne' |
L _-flnformanon wﬁl heve {0 be collected in both the reservoir and i its v1crmty and
the resettlement sites. *Thus; unlike other components of the Project, the' :
"further studtes will need eomprehenswe fields of ¢ experts and detatls :

| 25, ’I’hecountry is d_iv_i_ded'i_nto'ﬁ{fe' r:e'g'ions'in' terms of the power supply as foliows: . _.

LA wa : consumed m the throbt :

R G _"f'-Nei'ro'oi'region L
S (2)-3'-’5-Coast region, -
Dl 16) "'_i'let Valley regton
_:(4)‘: Western. regu:m and _
) Mt Kcnya region. o

i Energy sales in’ the whele of the KPLC 5. network were 2 434 GWh in 1987/88 of o
whlch the sales m the Natrobt reglon shared 1 303 GWh followed by the Coast region. of N
ERa ',;544 GWh the Westem regton of 346 GWh the let Valley reglon of 137 GWh and the -
Mt Kenya regton of It}4 GWh Thls rmphes that more than 75% of KPL("S sold energy \

‘d Coast regton

B .:'26 A total of mstalled capacrty of the generatmg facrhtres was 702 MW as of June,' -

e from Uganda

S -1990 in the mterconnected power system In dddltlon, there are such. energy sources as o

o tsoleted power plants wnh a total ot mstalled CdpﬂClty of about 4 MW and energy 1mports o

_f_.'the mstalled capacrty, 79% of the N

B}, type,_hydropower plant shares 70% '.

- -jeffecuve capacxty and 85% of the 1989!90 annual energy productlon Imports from' '

“ _Uganda are eqtnvalent to about 6% of energy productlon Followmg are'a summary of'_

a 'lnstalled capacny, effectwe capactty and average annual energy productlon in 1989/90 by .
g generaung type in the country - . S




. Sources ' S 'Instal_le:d C_abaeity § EffecuveCapacuy _'Annual Pmduchen
U Hydo T ;s 479,0: 25170
© et Conventional Thermal . - 11459 698 1070
T Geothermal L ,'45_.,0.'\ EE I ¥ TR 336.0
e 7:";_‘;Daese1 (mcl Isola,,edDwSel) 2222 T 1 140

- (agreed max. power)

@y

o .' (174.0)

6337

- 3,148.6*

27 Electnc power in the nauon 1s supphed by the transm:ssmn hne wuh voltages of

L0 220KV, 132KV, 66KV, 40KV and 33 KV. “The length of 220 kV line is 647 cot-km
o 'as of June 1989 wh:lst l 786 cct-km for 132 kV 389 cct—km for 66 kV, 121 cct—km for -

: o 40 kV and 2, 955 cct-km for 33 kV The routes of transmissmn hnes as well as the '
locatlons of mam substai}ons Iocated on them are shown m Flgure S 7

iy 28

Power md energy demands (refer to F1 gure S 8) were forecast for three scenarzos -
o high‘ ‘medlan and 1ow, usmg the Iatest power data, resultmg m ' '

(1) Demands of energy and peak power on the medlan scenano wﬂl contmuously -

s ':-and steadlly ingrease in lhe natwn at annual gmwth rates of 5.3%. and 5. 5% i

- _7-7"_,respect1vely mer a perlod of 1987/88 to 2014/ 15 (the expenenced rate at .
‘0 6.63% inthe years 1979 - 1988). PRI R T
' (2) Gros :.geheraUOn requlred w1ll be 4 275 0 GWh m 1995/96 5, 535 8 GWh_

S 2000/01 7,170. eGWh in 2005/06 and 11, 509 1 GWh in 2014/15 "

- : i ine system in the pmject area should be demgned $0 thdt power . -
i outputs frem the Sondu/Mmu and Magwagwa power plants can conmbute to the stable
_ _power supply m the pro]ect area that is, a nng supply system 1s recommended to connect
o 7",such substa{zons and power statlons as Flsumu Muhorom = Chemosn - Magwagwa -
R ondu/Mmu Klsumu (refer to Flgure S 9) ’lhe systcm voliage employed w:ll be selected_ 2
SNt _'f_from exther 220 KV or 132 kV




. Pl supplylevel (!«SL) : o BLL665.00m
- Minimum operating level (MOL) .t BN 1,609.00 m
o Tail water- levcl for the maximum plam KL 1,458,00 m
-:_._'dlschaIgﬂ TR S IR - L
S Oress stﬁrage BT R R 808 millionm3
= - Acuve stcarage R 701 milliou m3.’

SRR ) b A study © search for the opt:mal 1nstail.mon capacny and year of the Magwagwa
S 'hydropowcr pro_]ect was furthermore camcd out takmg into consxdemtlon other promxsmg,
: _hydro and thcrmai can{hdates revealmg the addmon of the Magwagwa project to the':
) o :natxonai power gnd m yeal 2003 with a capac:lty of 120 MW (refer 10 Flgurc $:11). A
o . r gcneral fcature of the propoecd Magwagwa hydropowcr plant is summanzed as follows B

PR Installed capacuy ":120 MW
"'Plantdischarge E S i - ':_""-__"82 m3/sec S
B : f | TN 2439 GWh/ycari o
o r'-"Incrementai energy from thu Sondu/Mmu -I_S_SA.G}Yh/ycar. o

::It is noted that average annual energy genera.*ed from thc Magwagwa piant and,

i ';"-,._-_mcmmental snergy gcncrated from thc Sondulerlu after the completlon of the Magwagwa S

:'K'e:‘"ya for power generauon .

'3 ;Sénsiiivity 'u;ats\ We"re' carried out fé: "ssessmg uncertamtlcs mvolved in the future -
COsts and'assumpnons apphed to. the study 0 seek the opnma] mstallauon capacny and year

: ':3;‘ of ihe Magwagwa hydropower pmject showmg thc v1ab111ty to mstall the Magwagwa with - |
il a capac1ty of 120 MW in year 2003 o

3 :'Basm demgn for the Magwagwa dam schemc (refer to Gencral Layout of thc PrOJect '
in Figure S 12) ‘was camed out ona feasxblhty gtudy level w1th the opnmlzatxon studlcs of
- Fsu'ucmrcs and the mam pro;ect features so obtamcd are summanzx:d as follows :

Teservoir are esnmated based on the muln I'GSEI'VOI]‘ opemtmn of. the reservmrs exzstlng in o



(1) "R:verdlversxon o - SR :
; - Dmmeterof the dwcmon tunnel : D 62(}m(cn'culﬂu secnon)
' e -_- Total 1ength of th_e:.qi_ve;s_lon _tun_nel_.__._ e 1291 m et :
S (Nou 15 628, No, 2 663 )
- Crest elev'at'ic'izj’:_(l)ft"}-ié _U/_S’cofféfdém. Cr RN 580 00m

' (2) I_\Zviéﬁ'ti"‘dam:(refer_to Fiéur_’cé:;sf.'l'.?»:ah‘-d'fS:.l'{l)" S
-Type TN _Concretefacmgrockﬁ!ldam
i s Damcmstelcvanon i EL 16700 m s
'."if— Dam helght L 10m g
| g Dam embankmcnt volume mcludmg e 4,387,900_:m3 :
' thecofferdams SR o SN

RO :.’sv_i*.ﬁlsvay.- e
L ;» Energy dzssrpat;on
s Length of we1r

o '. 'Ungated
L 3 :";'th buckct
s '_I;"_'160 m.

--"‘-f:j'(é)' f_-i ‘Watcrway (refcr ﬁo Flgure S 15) - o
TR " -,'_._Elevauon of the mtakﬁ mvcrt : S El 1 598 O m o '
S, :Dlameterof the headrace tunnci 3 5 4 m o |

" - Length of the: hcadrace tunnel ": ::'. '-:",:7 190 m .
S .-:f-Head_race surge tank :_ AR Restncted onﬁc\, type -
o _j-_"f"f?'-fi_Dxazneter of the pcnstock 11ne L 44 mo2.1m
L Length ofthe penstock hne : 174 m
f_'I‘_aﬁmce surge tank o S _Resl:mcted orlﬁcc type :
'Dmmeterofthe taﬂracc tunncl .54m o '
L ;-;;Length of the taxhace tnnel . f_ P 1,850m -

G Powerhouse cfthmm A
IR Typc S .': o R Underground lype N
. - Dimensionsof thecavermn =~ - : 22'm. w1de, 38m hlgh and 60m -

: SRR T T R .1ong




(®)  Saddledum (referto Figure S.17)

_ DS s | HomOgcneousearthﬁll type ..
a 710m

© 0w

U g
- Dumbeign

e ('7) s Generatmgequrpment _ Coel
- s _Maxunum plan:drscharge _' ':: SR ;85271'113/sec L
- Raedhead T ij04m

S _Type of. turbmes L Francxs type _ B

i _j—' ::'I'ype of generators o __Vemca] -shaft semr-umbrel!d type' -
LT ST L .{"synchronous generator ' |
= Numberof umts (tulbmee and i Twe

:_'_'_:generators) g e I

. Ratedoutput” Sl 2k 61500 kW

Transmission 1in_<§=_. R

- Voltage Lo '-i132 KV o
e CO“dUCtONIZ?» g NEETE R I45mm in an outerdrameter :

. nn 'ian"a'n" "'_'ost" st_ima e

: " 3 Construcuon works wrll bf' d1vrded mto four packages as shown beiow and wﬂl be .
L executed by the contractor: selected by mternatronai compenuve tenders for respectwe
ER s }packages mcludmg prequahﬁcatmn -

Ty Crvrl works mcludmg preparatory works K .
L - @ .Metal works : T

R0 (3) :';Generanng eqmpment I

';_:, (4) -_ Trarasmrss:orr lmes and substatmn equlpment

ot 35 f‘i Construcnon works are scheduled to ccmmence in July, 1997 after contract award _
S ,'::jf;'_(refer 10 Frgure S. 18) The project is planned 10 be completed by’ the end of December '
2002 gmng a umc period of 5 5 years (66 months) 5 '

_ ' ”The constructxon coslt of the' prQ]ect excludmg prrce escalatlon 1s esnmated at:
_-Shs 7 555 mrlhon ( S$328 48 mrlhon) equrvalent 1n total consrstmg of

B KShs 4 963 mrihon in: the forelgn currency port:on (US‘BZIS 78 million, 65. 7%) and_ X

'- __-i:KShs 2 592 mrlhon m the IocaI currency pertron (34 3%) Whrle the totai constmctmn .




_-_‘,:'_',—,:.-:_";:'-C()St of thc pro_;ect 1ncludmg pncc escalatmn is estlmqted at KShs 11 A78 mllhon
L __;(US$4‘39 03 mxlhon) cqmvalent in t()tat cons:stmg of KShs 5,922 mllllon equwalent in
_ ' ""forexgn currem,y pertlon (US$257 45 nnlhon 51, 6%) and KShs, 5 556 malhon in local
L cun'ency pcmon (48 4%) as aummamcd below el

. ;E'_Fbre_'iﬁﬁ Cl';r'r'éﬁéy'.. ,Local Curnency " “Fotal Equivalent
S VT ST N (1,000 USS) '_(100{)1(5113) (10()0KShs)
;_.[Duec:cost o 17899924 1542713 5613,69
_ .Landacqmsmon 008040000 804000
7 Administiation éxpenses . = 0 28068 T 28568
B '-?:'.fEﬁg:nwingsewwes C2147100 63,048 557,019
... Physicalcontingency U 1730798° . 154135 . 552219
'-F'"Subtosal SR S 215 784 2_2;*-'f_'.ﬁ 2591 9647'} C 7,555,001
LT e T g (US$32848 mllhon)
5;__-§ﬁ¢eé'xmticn"- a7 5;2,964‘_,499';‘. C 13922727
Pl e 25744629'_'_“'5',556,4_631 ' _'__‘.\11-,477,723. -
e AR f_—‘_(U's'$'4_99;03' million)* -

_ : ,-Annual dlsbursement of thc cmsn'ucnon coet for the forclgn and local cumnmes is.
L esumated on the basns of the constructlon Schedu!e as summarlsed below

Fore:gn Cun'ency Lo'"al Currency .' Total Eqmvalent
(1000 UsS) - (JOOOKShs) : (IOOOKShs)
199 _' 73372=- 52 :
SR U F 1_,,401399 L2868
1994 1 3h7o9n o 2504
0404396 L 494396
g RIS TR 815 g3
L2836 4TBE0A 11188754 y
24497327 4gs; 376_} T L049,314
5600576 758,533 2,048,736
56897227 1,060,239 - 12368875
6841271, 1,109,614 . 2,683,106
"-'--»"1561?79' 1549 706,758

25744629 5856463 11ATTI8

Sl

R Economlc vmblhty of the pro;ect 1n Wthh threc components of Magwagwa,
o Sondulerlu and Kane prcjects are 1ncludcd was re asscsssd by ta.kmg 1nto accmmt thc




' studles camed out after the plan opttmizauon, showmg high vmblhty of the mtegr‘tted

. ._development project by a net benefxt of US$135 00 mtlhon {(a discount rate of 10%) and

BIRR of 13.54%.

b 7'39.-, Although the Magwagwa pr{uect isa component ot the mtegrated development in - '

B o the. Sondu Rlver and the. Kano piam, the pro;ect is consadered to.be’ mdependently

. ﬂ-developed as 4 stngle purpose progect of hydropower generatlon In this context the
"-_-Magwagwa project ‘was assessed on the condtt;on that energy generated from. the

e ':"'Magwagwa power plant excludmg mcremental beneﬁts fmm the Sonduiju by mstallmg -

| ‘-'_-'the Magwagwa is oniy counted as beneflts and that alI the constmcnon costs of the -
"-,Magwagwa dam are borne by the Magwagwa power plant revealmg a net beneﬁt of -

o g;:UqS":; 56 mlihon for a dzswunt rate of 10% and EIRR of 11 29%. It can be concluded-

-_ that the Magwagwa pro;ect is v:able even in developmg mdependently as a smgle pmpo*:e

e B prmect of hydmpﬂwcr g"’*“cramn

o ':.:?-46 There wou!d be another lnterest to evaluate vmbthty 0f serlal development of the-

= _ Sondu/Mmu and the Magwagwa smce the earh"

| - - .-'ff'-1s now in the stage of detailed destgn 1s more reahstxc The- v1ab1hty of serial development
o of both pro;ects was venﬁed wuh a net beneﬁt of US$91 64 mllhon for a dlSCO!mt rate of .

’ '_,'_'.10 andEIRRofISSZ% Lt

(2) Fma'“?la} 3v&1uatzon e

o Eznanelal Vlablhty of the pro;ect was evaluated in terms of the ﬁnanmal mtemal rate

T _-;_'5_of retum (FIRR) applymg the condmons of pro;eet cost excludmg pnce escalanon, average L

= 'i-,.;.__'electncxty tanff as of November 1990 US$0 060/kWh ‘and: addttlon of mcremental
. energy: generated from the Sondu/Mmu after the comp}etton of the. Magwttgwa besuies _
":--:energy generated from the Magwacwa 1tse1t‘ as beneﬁts, reveahng mabthty witha FIRR of

75___._-_:_.i"'--:?_f.:condmonasfollows :

o 42 'I‘able S 3 presents an exammatlon of loan repayabthty based on the forexgn loan '

e i Amountofloan .{'.' "".'85% of total cost

Interestrate _ 2 5% S
- Repayment penod 30 years_.'i 3 7_
- Gracepenod T 10yedrs. s o o

Vj-'deveIopment of the Sondumeu, whtch o



As shown m the smd tabIe, annual ba‘iance of the revenue and expenchtures of the

' | Project would become smplus from Year 12 when the revenue of the PrOJect is expected "
Sy be n‘ntamed for the first. nme From that year, the rcvenue would cnunterbalance the
< .'-cumulauvg deficit and gct it surplus in Year' 29. Ttis noted that average elecmcny tariff is

- '--'-fzxed at US$0 060ikWh wi‘uch prevalls at the level of November, 1990 and that

7 ;. . :}--Vmeremental energy generated fmm the SonduJMmu after the compietlon of the Magwagwa
e 1s mcluded as the benefit of the Magwagwa x R : -

. (3); OV?‘%*faﬂﬁﬂValu?ﬁOn-_' ._

. » 43. The iject was assessed v1ab1e in economlc and financm] terms On the other_-?' s
e hand the pro;ect would mundate an area of 26 km2 rcsultmg in causmg an issue to.
' 3'i.dlsplace some 700 households, or 4 300 p _ple' whlch would be the most severe: 1mpact e

. for ihe' pro_]ect To obtam the soundness and acceptabzht} of. the pmject from the social and. -

e f_-‘-natural enwronmental v1ewp01nts besades the techmcal economic and ﬁnancxal vxabxluy,:_-_‘ Lo
reasonabie an

: ceptable measures shculd be taken for the 4 3{)0 people who wouid

o 44 CLA “}and for land" compensanon prmmple is recommended to be apphed for the :

"acqulsmon of land to be submerged in the reservolr area consxdenng the klnshlp and other

N socm-cultural factors of the Jocal peopIe the KlpSlng and the’ Kisii. A prehmmary survey o

- m thls siudy 1deﬂt1ﬁed six possﬂ)lu resettlement 31tes, whlch SUH requlre in-depth stuches S
S : mcludmg hearmgs m Ioca] people to assess sultabxl ny as the resetﬂemem sites. o

Fmaily, msuzutmnal set—up 18- ,snred to be fon*nuiated to handle the re*scz:ttlement":'7'f -

: _,::'-'}Snl.lﬁ as early as possxble KPC is ex'pected to p]ay a role as a vaot agency, and ifs mam"'_ '

_ " '_tasks w111 mclude pubhc relanons wuh the affected people to smoethly carry. out the studies
e and coordmaﬂon w;th the xequ:red lme agencxes and mlmstnes - '
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