1.2 Construction Schedule

1.2.1 Construction Period end Time Target

The 7 years imﬁlementation period including financial arréngéﬁeht ié
recommended for the project after the. complétion of the.feasibiliry
gtudy. First 3 years are required for the arrangement of construction
finance,,the gselection of engineerlng consultant, the detailed
engineering services and the tendering time, and latter dyears are .
required for the construction work of the project._ In order to secure
this target, the following basic schedule shall be kept in the process of

the project.

a) -Financial arrangemeﬁt . ¢ For 9 months from January 1986 to
Sgptember 1986.

.b) Contracting of engineering : For 3 months from Octoher 1986

services ~ to December 1986

¢) Engineering. services for o Forrlh;mpnths.from January'1987.ﬂ
detailed design to February 1988,

d) Tender and contract ; ' : :Completion in December 1988
including prequalifiéation Prequalification: for 3. months-

from December 1987 to February"
1988, L -
Tender and contract' for 10
~months from, March 1988 to
- December 1988,

e) Mailn construction works H COmménceieht in January 1989.
__Completlon in December 1992
Withln 48 months._:
f)"Comiissioning'of commercial : At beginning of January 1993,

operation of power station
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The construction schedule noted above is programmed on the condition
that the contractor for construction and installation works will be
sélécted'by-international competitive tender. The arrangement of
construction finance shall be made by the Ministry of Energy and Regional
Development / the Lake Basin Development Authority, just after the
completion of the feasibility study.

1,2.2 Englneering Serv1ces for Detalled Design, Pre-congtruction Stage

and Construction Supervision

The:engineefing servicesifor detailed design consist of the works
for the topographlc survey, subsurface and material investigation,
detailed’ d951gn, preparation of drawings and bill of quantity,

preparation of tender'document and cost estimate, preparation of design
report.The:detailed-design will Se performed by the consultant for 14
monfhs fr0m January 1987 to February 1988. The consultant will also
asaist in préquélificatﬁbﬂ of cpntractoré. Upon the completion of the.
prequalification in February 1988, the tendering, evaluation and
contracting are.scheduled to'bé executed in 10 months, The contract
awarding will be .done by the end of December 1988, The engineering
_ services for construction supervision are scheduled to be commenced from-

January 1989 for & years, =

1.2.3 Construction Schedule

- The construction works will be performed for 4 years from January
1989 to Dééémbef'1992; The oﬁerali.construction schedule is shown in
‘Figure 1.1 by a bar chart. .Tﬁe_land acquisition and compensation to be
claimed for the construptioh”of'the project will be settled by the Lake
Basin Development Authority in advance of the commencement of the
construction. The major construction works 1nv01ved in each year are

descrlbed as follows:
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Immediateiy afﬁef coocluding the contract, all preparatory works
will be started in this-year,_inclusive of_mobilization;_procufemeﬁt and
transportation ofjconstructioo materials, construction of access roads in

the work site, temporary buildings and other facilities.

Main civil works will be commenced from two werk adits of the
headrace tunnel in April, just after the construction equipment and
maferiéls'arriving at the site,  Tunnel excavation of the headrace tunnel
includihg penstock tunnel is scheduled to be started from June and to be
continued to next. year. Excavation and embankment works of the diversion
channel for the intake weir are scheduled-to_bé started in October and be
compieced by. December, -Road comstruction. works. of a_neﬁiacceoo road is

scheduled to . be completed in this year, |

Upon the completlon of contract awardlng, the de91gn and
_manufacturing for metal works relatlng to. the weir,_lntake and penstock
electrical works for generating equipment, substation equipment and -

‘transmission line will be started by the contractor.

1990 : . .
Headrace tunnel excavatlon Wlll be contlnued succeedlng to the

previous year, and is scheduled to be flnlshed by the end of this year.

A surge tank will be constructed in this year in parallel with the

excavation works of the headrace tunnel.

Excavation works for~thefiutako_wei}, 1ntake and desilting:basin;
will be completed by*Harch. Grouting work for the intake wei?_portion
and overflow section is scheduled in this year, Concrete work for the'
welr, pler and overfliow section is scheduled to be commenced in May,
whilst in October for the intake and- desiltlng basin, |

Excavation works along the penstock line are schedoléd-to be

commenced in May and glab concrete work will be started from October.
Excavation and concrete works. for the- tailrace and substrurture and
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superstructure of powerhouse are scheduled to be completed by the end of

this yvear.

. Succeeding to the pre#ious year, the design and manufacturing for
metal_works,-geHErating équipment, substation Equipment and- transmisgion
line will be continued. The shipping and transportation is scheduled. to
be made from April. Installation of an orifice gate steel conduit for
the intake weir will be started in October, Intake metal work will be

also started in Decembe:.

Arch concrete-lining work for the headrace tunnel is scheduled to be
commenced in'January. Removal of cofferdams is scheduled to be performed
in- October -after the completion of installation of the welr orifice gate.
Intake weir concrete work for the remaining overflow section:and non~
overflow section will be performed from November, Remaining civil works

‘For the intake and desilting basin will be performed in this year,

Building works for the power station are scheduled to be performed
from January to December, After the completion of installing an overhead
crane in Janﬂary, the installation of draft-tubes and casing is scheduled
to be commenced from February., -The second concrete work will be
performed from March to May and the installation of turbines and
generators'is'Séheduled'to be commenced from June,

Succeeding to the previous year, the installation of gates,
trashrahks,-rakes and staplogs'Will be cohtinued.and completed in-this
year, :Steel pipe installation for the penstock line is scheduled to be
started in March, after the completion of its éivil-works. - Construction
of transmission line is scheduled to be started in February. Tﬁe
shipping and transportation for-penstoék metal works and generating
equipmént are to be cbntiﬁued_by middle of this year and the end of this

 year respectively.
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1992 L _ RN S .
Invert concrete-lining for the headrace tunnel is scheduled to be
started in March, after the completion of arch concrete41ining work,
Backfill grouting and consolidation grouting for the headrace tunnel will
be performed from May to September. Remaining concrete work for .the-

intake weir is scheduled to be gompleted by February.: -

Succeeding:to the previous year, the installation of a penstock:
steel pipé, generating equipment and transmission line constructlion will
be continued and completed by August, Tnstallation of a switchgeaf and
substation equipment is also scheduled to be performéd in this year.

iny‘test operation of turbines and'générators'is scheduled to be.
conducted: in June, Wet test operation is scheduled to be conducted.
‘within three months by the end of.tﬁis yedr so that the commercial
operation will be commenced from the beginning of January 1993, '

1.3 Construction Plan and Method

' The construction plan of the project is worked out on the basis of
the mode and target schedule of-construction, Taking into consideration,
- in addition to the above,'such.conditions as availability of cohstruction'
forces, weather condition, geological:and'topographic_conditions of:tﬁe
site, the mechanized construction method is appliéd in principle.

" With regard to the workable days, it is assumed to be 240 days.per
year for excavation and embankment works. While, the workable day fdr
concrete work, grouting work, tunnél work and shaft work is to be 300
days pér year. As for the'daily working hoﬁré, one 8 hours shift per ﬂay.
is applied for earthwork and ' concrete work and two 10 hours shift per déy

is applied for tunnel work,
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1,3.1 Preparatory Works and Construction Facilities

“Substantial facilities.for-the construction use, such as temporary
access roads from the permanent access road to each work site, water
SUpply; poﬁer supply, air supply, telecommunication; temporary buildings
and construction plant, shall be constructed by the contractor in
principle, These facilities will be maintained by the contractor during

the whole construction period. ‘These preparatory works are scheduled to
be performed within the first year,

(1) Access road _ _ .

Since there is no availéble road to the intake weir site, tunnel
portal and'power station site, access roads will be connected from the
existing earth roads, ~These access roads of 21.4 kn in total will be

used as the permanent dccess roads after the completion of the project.

The temporary access roads required for construction services will

be branched off from the permanent access roads,

© (2)  Temporary buildings

3Tempbrary‘huildings are réduired for the comstruction use; the
employer's office,.contractor‘s office, quarters, repair shop, steel work
shop, warehouse and labour guarters which will be provided by contractor
in and near the project site. The temporary buildings of about 5,000 me
in total floor area will be necessary based on the required staff and
labour force of 500 persons. The land of 2.4 ha required for the
-.temporary buildings ahd construction'facilities will be acquired by the
Lake Basin Develophment Authdrity.in advance of the commencement of

construction.
.(3)' Water suggig' _ _ _
Vater required for the construction and ‘camp use is to be taken from

ﬁhe Sondu River and other suitable tributaries. The water supply
faCility of 4.3 m3/min in total cabacity is required.
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(4) Power sugg_l_ o : . _
Power for the construction and camp use is planned to be supplled by

diesel generators with-total_instaLled capacity of 1,800 KW.

(5) Telecommunication system

An internal. telecommunication system for the project will be

installed so as to execute smooth operation of the comstruction,

1.3.2 River Diversion

.Rlver.diversion duling constrﬁction of'the intake weir, iﬁtake'and
desilting basin structures is made by a diversion channel planned at the
left abutment. The cofferdam of 250m in total length is. constructed at
the downstream and upeream,-and along the diversion channel The
: leerlOﬂ channel and cofferdams are scheduled to be comstructed for 3
~ months from October 1989 and the removal of cofferdams w111 be performed

in October 1991 after the completion of weir metal work,

Channel. excavation will be carried out_bf using 7 mB/min crawler
drills, 2I-toa bulldozers with ripper, ZB;m3 tractor shovels and ll-tonm
dwnp trucks. The embankment material-will be transpbrted_froh'the
disposal'aﬁea of excavated material,‘spreaded by.ll—tbn bulidozers and

compacted by S~ton vibrating rollers.

1.3.3 VWaterway

{1) Intake weir, intake and désilting basin:

The 1ntake weir W1th two orlflce gates is to be 23 m in he*ght, 80 m
in length and 24,450 m3 in concrete volume. The intake and desilting
bagin is 29 m in width Onax.), 103 m in length and 18,830_m3 in concrete
volume. The construction works for the ébove.strﬁcture will ﬁe_made from:

January 1990 soon after the river is diverted through the channel.
Foundation excavation of 17,480 m3 for the intake weir and 51,150 m3

for the intake andndesilting basin will be carried out by using'7'm3/miﬁ
crawler drills, 21-ton bulldozers with ripper, 2.3 m3 tractor shove1s and
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11-ton dump truéks.. F111 and backfill for the intake weir and desilting
basin are estimated at 6,210 m3 and 26,690 m> respectively. The £i11 and
backfill materials will be hauled from the dlsposal area, and will be

spredded by ll-ton bulldozers and compacted by 5-ton vibrating rollers,

Consolidation and curtain grouting works for the intake weir are 550
m in length and 1,800 m in length respectlvely. Grouting works will be
carried out by drilling w:th 5.5 kw! rotary drills and injectlng with 7.5
kw grout pumps and 200 1it x 2 grout mixers,

One_concrete'plant with 1.0 w3 mixers will be installed at the weir
site for the construction work'df intake stfucture.and headrace tunnel.
The concrete will be transpofted by 3.2 m3 agitators and placed by 20-ton
truck cranes with a 1 m3 bﬁcket:and 45 m3/h concrete pump car. '

Intake weir metal work consists of two sets of weir orifice gate and
one set of weir orifice stéplog. The intake and inlet metal works
consist of four sets of intake gate, one set of service gate and monorail
crane, one set of intake trashrack, one set of intake mechani¢a1 rake,
one set of inlet 3£oplog and one set sand flush facility. The
installation works for weir'metai work and intake metal work will be
performed in 11 months from October and in 12 months from December
respectlvely '

‘The gate leaves, guide frames, hoists and necessary accessaries for
the weir orifice gatP and intake gate will be fabricated at the
contractor's factory in sub—assembly units convenient for trangportation

from the Mombasa port to the field shop in the project site.
‘The sub-assemblies delivered to the:project gite will be carried to
the installation site by using 20-ton trailers and handled by 20-ton

truck cranes, Other metal works will be performed in a similar way.

2) ' Headrace tunnel -

The headrace is a concrete~lined tunnel of 4,2 m in diameter and
4,314 m in length, Two work adits of 4.0 m in width and 400 m in total
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length are planned to be driven at the distance of 150 m.and 50 m from
the downstream portal and upstream portal respectively, in order to
excavate the tunnel _in-paral lel with the construction works for the
intake structure and surge tank. The construction period including work

adits and grouting works is planned to be 3.5 years.

Excavation of both adits is scheduled to be started simultaneously
and will be made by the full-face attack met_h’dd. " The headrace tunnel
excavation of 87,570 m? is scheduled to :b_e_:’performed in 19 months. <Thé'
full-face attack method is to be applied for i_:hé excavation and the
hauling of tunnel spoil is to be made by the rail method.. Two tunnel
faces. axfe set up to be attacked from both ends. simultaneously. Drilling
will be carried out by using a dril 1_-.jum_b.o with a drifter and broken
rocks will be hauled by using a 0.6 n3 muck loader and 4.5 m3 muck car.
with a 10 ton battery locomotive. The driving progress speed is planned
to be 220 m per month (110 n/set x 2 faces)

~ An arch and then invert meth'_od iz applied for concrete—-lir‘xiﬁg‘work.' :
The ¢oncre_t_e Vlining work of 20,450'-1113 is scheduled to be performed in 18
monthsin_clu’dihg invert _con.c:rete and:2 sets of construction equipment
will be ﬁ_sed simultaneously. Comcrete will be transported by a 3.2 m3
agitator from the 1.0 m> batcher plant - to both: tunnel' ‘portal, disdharged
into the 3 mS pneumatic placer with the 4 to.n.batter_y locomotive and.
placed behind the sliding fofm- of 12.m in span by means of the pneumatic.
plécer. The concrete-lining progress is planned tq.be 300 m per. month
(150 mfsét x 2 seﬁs) ' Upon' the completion of arch concrete- 1ining,
invert concrete w111 be placed by the-invert finisher in combinatlon with

a3 m agitator car and 4 ton battery Jlocomotive. -

Backfill ‘grout  and consolidation grout will follow the invert
cbncrete 1ining work. The backfill mortar grout of 8, 730 m3 will be
carried out by using 11 kw low pressure grout. pumps, The consoli-’dé,tion -
grouting work of 4,750 m will be carried out by drilling with leg hammers
and injected by 7.5 kw grout pumps and 200 1it x 2 grout mixers.
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(3) Surge tank

A vertical shaft of 10 m in diameter and 51.9 m in height 1s planned
to be constructed at the downstream end of headrace tunnel, Shaft
excavation and concrete is estimated at 4,870 n3 and 1,320 m>
respectiVEIY. The underground portlon 1s about 40 m-and a pllot shaft
enlargement method is to be: applied for ‘the shaft ‘excavation,

~ The surge tank constructlénris scheduled to he made for 9 months.
* Open cut excavation of 11, 260 m3 will be carried out by using 7lﬂ3/m1n
crawler’ drills, 2l-<ton bulldozers with ripper, 2.3 m> tractor shovels and
11-ton dump trucks,

The pilot shaft of 2mx 2 mis excavated at the centre of shaft
upward from-the'hottom; A raise climber will be used for the pilot shaft
ekﬁavétion.add mﬁck-disposal'will be done from the penstock tunnel,
After the pllot shaft is rised up, enlarging to full shaft diameter will
be ﬁade by driiling and shooting with the 7 m3/min crawler drills and
jackhammers. The prOgress'per day iz planned to be 1.2 m, ~ Broken rocks
will be dfoﬁped into the pilot shaft using 0.3 m3 backhoes and loaded out

by using 1,2'm3.tra¢tor shovels and 6-ton dump trucks at the bottom.

Concfetemlining'work ig divided into two stages, i.e., initial
concrete-lining of 40 cm in thickness and second concrete-lining of 40 cm
infthickness,-:The‘initial concrete-~lining work will be done at every
stage ‘following drilling and shooting'ﬁorks of 1.2 m grogress. The
second concrete-lining wofkfwill. be made upward from the shaft bottom,
after the completion of shaft enlargement and initial concrete~lining
works. The concrete ﬁill be diéchafged into.a 1 m3 bucket from a 3.2 m3
égitator,.handled to the3concrete hopper by a 20-ton truck crane and
distributed into the placing'spot'through a chute.

(4) Penstock tunnel ‘and penstock line

A steel penstock of 3.3 to 2.1 m in diameter and 1,110.7 m in length
. cqnsists of the upper penstock tunnel portion of 76 m and inclined open
"portion of 1,034,7 m. All the installation work including tests 1is
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scheduled to be completed by the end of August 1992 one month before the

final wet test of generating equipment.

The penstock tunnel éxcavation_of_Z,BSO m and concrete of 1,650 md
will be executed in a similar way to the headrace tunnel and is scheduled

to be completed prior to headrace tunnel excavation work,

Open cut excavation of 66, 140 m3 will be carried out using 7 m3/min

3 tractor shovels and’

1l-ten dump trucks. Concrete placing in the open portion of 5, 340'm3

will be performed by a 20~Lon truck crane with a 1 m3 bucket and 45 m3/h

crawler drills, 21-ton bulldozers with ripper, 2.3 m~

concrete pump car.

Penstock metal work Coﬁsists_of one lane of penstock and one set of
penstock valve.. Installation,work'will_be performed'in 1.5 years from
March 1991,

The penstock steel plate will be fabricated at the contractor's
factory in piece and_traﬁsported from the Mbmbasa port to the stock yard
in the project site. . The steel plate‘éegment wili,bé welded by an
automatic welding machine into 6 m long segment at the site work shop,
Eaéh.pipe segment will be transportéd to. the installation site by 20—£on
trailers. As for the pensteck installation in the tunnel ‘the penstock-
unit will be transported u51ng rails mounted carrlers.._The:installatioq
~works for ;ncllned open portion will be made using an incline machine

with a carrier and 30-ton truck crane.

1.3,4 Power Station

The bowerhouse of reinfofced,coﬁcrete structure (21.0 m in length,
35,0 m in width and 24,0 m in height) is constructed to accommodate ﬁwo
units of 25 MW Francis type turblnes and 27 MVA . generators...The.
construction of power station 1nc1uding the tailrace, powerhouse,
building work, switchyard and the installatlon of tutbines and generatora
LS planned to be performed in 3 years,. '
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The powerhouse structure will be constructed in two stages. The
first stage construction consists of substructure and overhead crane,
The second stage construction consiStS of the installation of draft-tube,

casing, turbine, generator and the second stage concrete,

Foundation excavation'of;SS;?QO ma.for powerhbuse and 35,360 n3 for
tailrace will be carried_outwip 7 months, using Z m3/min crawler drills
cand 21—ton bulldozers witﬁ fi§pérf‘:Excavated materials will be loaded by
2.3 m> tractor shovels ihto'll—tqn dump trucks for hauling to the

~ disposal area.

Immediately after-the Foundation exﬁavation, concrete work of 4,650
wo will be performed from the substructure, which will be completed
before the installation of overhead crane. Tailrace concrete work of
4,250 m3 will be made in parallel with the substructure concrete work,
~The draft-tube and casing will be installed using the overhead crane.
Subséquently, the second stage concrete around the draft-tube and casing
and the'remaining_concréte will be placed according to the progress of
installation of turbines and generators. Concrete will be supplied from
the concrete plant which will be installed for common use for the

headrace tunnel, surge tank, penstock tunnel and penstock line.

Substructure concrete will be transported by 3.2 w3 agitators and
placed by 45 n3/h concrete pump cars and a 20-ton crane with 1 w3 bucket,
The second concrete and the remaining concrete will be placed by 45 m3/h

concrete pump cars.

Following the substructure construction, the superstructure
construction and building'fiuieh'work will be started in paralliel with

the installation of turbines and generators.

Wifh regard to thé'genérating3eQuipmént, substation eqﬂipment and
transmisSibn 1ine, it will take approximately 3.5 years from the contract
until completion of the installation works, Installation work of each
unit of generating equipment will be performed for 1 year, except for the
works for the draft-tube and casing. Test runs of generating equipment
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will be performed for 5 months in total of 2 months in dry condition and
3 months in wet condition, ‘

Construction of the transmission line of 132 KV and substation is
scheduled to be carried out for 1.5 years from February 1991,
Installation works will be completed by August 1992 one month before wet
tests of generating equipment,

1.4 Major Construction Equipment

As the result of the study of construction method, the major plant

and equipment to be used for the construction of the project are shown in
Table 1,1,
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Chapter 2, COST ESTIMATE -

2,1 Construction Cost

2.1.1 General

The construction cost for the implementation of the project is
estimated on. the basis of work quantities measured through the
preliminary design and'the unit prices are estimated for each item of
work., For the cost estimate, local conditions, available equipment and

-materials, suitability of construction method, etc. are taken into
accbunt; The foreign and local currency portions of the construction
cost are estimated at US Dollar and Kenya Shilling respectively and then
converted to Kenya Shilling, '

Cost estimates are prepared on the following basic assumptions and

conditions:

Price Level =~ : The prices are based on the current prices for

labour, materials and equipment as of December
1984.

Exchange Rate : The ruling exchange rate used in this estimate
is 1,00 US Dollar = 15.0 Kenya Shilling = 240

.-Japanese Yen,

A1l the construction work will be carried out by a contractor
through international competitive tendering, The construction cost of
the ‘project 'is ﬁivided.into the direct cost (contract cost) for
preparatbry works, main civil works, metal works, generating equipment &
substation equipment and transmission line, and the indirect cost for
land acquisition, administration expenses, engineering services and

contiangencies.
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2.1.2 Construction Cost EStimation.-‘

(1) Preparatory works
The preparatory works include temporary access road, water supply,

pover supply, air supply, telecommunication, temporary: bnildings and
other temporary works, etc, ‘The cost for preparatory works: is estimated
at 10 percent of the sum of main civil works, metal works, generating

_equipment & substation equipment and transmission line, -

(2) Main c1vil works : , .
The direct cost of main civil works is estimated by adopting unit

prices and lump sum prices. The cost estimate is based.on the expense of

labour, materials and cOnstrﬁctionﬁequipment and plant. . In addition to
the direct cost, the*Cpntractor's indirect coété (dverhead éxpgnses.and~
profit) are included in each unit price. “Unit prices'fdr'each work .item
adopted for the cost estimate are shown in Table 2.1, The main

components of the cost are described as follows:

Labour cost _

Direct daily wages in 8 hour shift of'local'lébour are based on the
data and information obtained in Nairobi'and-the.project area. The
labour cost is presented iﬂ;Table 2.2 and this cost does not include any
overtime for Sunday and Public Heliday. | '

Material cost , :
Most of construction materials are. supplled from local market, The

local prices on materials used for the cost estimate are canvassed from
Mombésa, Nairobi, Nakuru and Kisiumu and are broportioned into;fdreign and
local component. The imported materiél cost is estimated on the bagis of
C.I.F. price and added sales tax and duties. The local supplies are to
be the purchased price at the site, The material cost used in the cost

estimate is shown in Table 2.3,
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Equipment cost

The cost estimate.is based on the concept that construction
equipment and plant will be purchased and owned by a contractor. The
equipment cost is divided into foreign and local components. The foreign
currency portion iﬁclu&eS'depreciation cost, spare parts and COnsumdble
cost, while the local component includes the cost of mechanic labour cost
for the repair and administration expenses, impert fees, taxes and
duties. The equipment cost is estimated based on the purchase prices
including C.IF, prices, taxes and duties. The major equipment cost is
shown in Table 2. 4,

Contractor's indirect cost'(pyefhead expenses and profit)

The overhead expenses comprige general administrative expenses and
field expenses.  The general administrative expenses are salaries and
allowance for the;cohtractbr's personnel, legal welfare expense,
travelling and communication expense, depreciation, insurance, profit and
so on., The field eXpénses are allowance for the contractor's personnel,
1abour'COntrol_expen5e, local taxes, stationery and communication

expenses and so on.

The overhead expenses and'profit contributed to the unit pfice or
lump sum price of each work item are estimated at 25 percent of the

direct cost including labour cost, material cost and equipment cost.

(3) Metal works

The metal works. 1nc1ude the supply and installation of gates,
stoplogs, trashracks, steel penstocks and valves. These. equipment and
facilities are planned to be imported, The cost estimate for these metal
works is made ‘on the basis of unit price per ton of the current
international contract prices for similar works, and the tax and duties
are .excluded. The cost is estimated on the basis of F.0.B. price in

Japan.
‘The costs for supply and dellvery on imported item, ocean freight

 and insurance are considered to be fore1gn currency portion. The costs

for unloading and other charges at Mombasa port and inland transportation
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are estimated by local "curré’ncy. The cost of installatilon is estlmated.
to be at about 36 percent of F.0.B, price for welr and intake ‘metal
works, As for the penstock _1nsta1=lation, 76 percent of ¥.0.B. price is
applied. About 80 .p_ercent of 'inStallation cost 1a assumed to be_foréign _
currency portion and the remaining is for local por't':'ion.

(4) Generating equipment and transmission line
The cost .for the generating equipment, gubstation equipment and

'transmlssion line 1s estlmated on the bas:Ls of. the current _Lnternatlona]

contract prices; and the tax and duties are excluded, The cost is
estinia.ted on the basis of _F"_O.B. price in Japan. The costs for supply
and deliﬁrery on_‘ imported item, ocean freight and insurance are considered
to be foreign currency portion. The costs for unloading and _oéhér-
charges at Mombasa port and inland trangportation are estimated by local
currency, - The installatidn cost is estimated at. 25 to 45 pert:ent of'-the
F.0.B. price for generatlng equipnent and. substatlon equlpment As forx
the transmission line, it is estimated at 60 percent.- About 75 perceni._
of installation cost is assu_med to be foreign currency portion and the

remaining is for local portion,

(5) Land a Julslt'ton and compensation cost

All required lands and right of way shall be acqu1red by the Lake
Basin Development Authority in accordance with the project implementatlon
schedule. The coste for land acgqulisition and compensatlon are shown in
Table 2.5,

(6) Adminlstratmn expenses _ o
An allowance of 2 perceant of the direct cost (contract cost) is

provided for the government administration expenses of the project,

(7) Fmgineermg_ervices

The cost of the engineering services for construction super\tlsion is
estimated on man-month base. In addition, the cost for’ detailed degign

and preparation of tender document in. the pre-construct10n stage is
estimated at US$ 3 willion, '
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(8) Contingency

~ The contingency is provided to cope with unforeseen physical
conditions and price escalation due to inflation. The physical
contingency is estimated at 10 percent of the amount of preparatory
works, main civil works, land acgquisition and compensation,
administration expenses and engineering services, As for the metal
works, generating equipment & substation equipment and transmission line,
the cost for the physical contingency is estimated at 5 percent of the
ambunt for the direct cost. The price contingency is estimated by
apﬁlying the inflation raté of 3 percent per annum for foreign currency
portion.aud-g percent of local currency portion, The price escalation is

estimated on'the disbursement schedule.

2,1.3 Construction Cost

The construction cost for the project is estimated at KShs.
©1,320.9 millien equivalent in total, consisting of KShs. 1,004.0 millien
eqﬁivalent in foreign currency portion (US$ 66,9 million 76%) and KShs.
316.9 million in local currency portion (24%). The construction cost and
detailed cost estimate are shown in Table 2.6 and Table 2.7 respectively.

The breakdown of construction cost is shown in Table 2.9.-

2,2 Annual Disbursement Schedule
The annual disbursement of construction cost for foreign and local
currencies is estimated on the basis of the construction schedule, The

disbursement schedule is Shoﬁn in_Table 2.8 énd Summarized as follows.

Foreign Currency Local Ciurrency Total

Year Mill, US$ Mill, KShs, Mill KShs, Mill, KShs
1987 (3.00) 45,00 : 45,00
1989 - (16.66) S 249,94 82,04 331.98
1990 (15.,93) . 238.98 110,98 349,96
1991 o (23,30) - 349,54 '82.58 432,12
1992 - (8.,04) . 120.58 41,27 161.85
Total (66,93) 1,004,04 316.87 1,320.91

VI-19






TABLES






Table 1.1 Maior Construction Plant and Equipment

Item

e Total Required
No. ~Description Spec. Number
1 Bulldozer w/ripper’ 21 ton 7
2 Bulldozer 11 tog 5
3 Tractor shovel 2.3 m 6
4 " Tractor shovel 1.6 m2 3
-5 Backhoe 0.6 w3 2
6 Backhoe 0.3 m3 1
7 Dump .truck. 11 ton 30
8 Dump truck 6 ton 10
9 Vibrating roller 5 tgn 3
10 Crawler drill 7 m”/min 12
11 - Air compressor 10 m?/min 12
12 Concrete plant 1.0 m 2
13 Crushing plant 100 tgn/h 1
14 Agitator. truck 3.2 m 8
15 Concrete bucket 1.0 @3 2
16 -Concrete pump ‘car 45 m’/h 2
17 - Boring machine 5.5 kw 3
18 Grout pump ' 7.5 kv 6
19 Grout mixer 200 1iv x 2 6
.20 Truck crane 32 tom 2
21 Truck crane 20. ton 2
22 Trailer 20 ton 2
23 Motor grader 3.7 m 1
24 Sprinkler truck 6 klit 1
25 Leg hammer ' 30 kg 5
26 Sinker 24 kg 5
27 Raise .climber ' 1
28 Muck loader 0.6 m3 2
- 29 ‘Train loader. 200 t/h 2
© 30 . . Muck car _ 4.5 m 26
31 Battery locomotive 10 to 4
32 Ventilation fan 300 m;: 24
.33, . Ventilation fan IOO_lg3 4
34 . Air compressor 27 m?/min 4
35 © Drill jumbo 7-boom 2
36 Battery laocomotive - 4 ton 6
37 Concrete placer 3,0 m3 6
.38 Agitator car 3 m° 4
39 Sliding form. 12 m 2
40 “Grout pump 11 kw 2
43 Grout mixer 300 lit x 2 2
_Winch 100 kw 1




Table 2.1_'Unit'Price for Maicr Civil Works

U~drain ditch

4,50

. - Foreign Lecal-
Work Item Unit Currency Currency .
. | (Us§) ~_ (KShe.)
Excavation, common (L=1,000m) m3 - : 3.30 11,00
~do -  (L=2,000m) m3 3.80 12,20
- do -~ (1=3,000m) m3 4,10 13,60
Excavation, weathered rock (l=1, OOOm) me 4,80 16,50
-~ do - (1=2,000m) m> " 5,30 18.00
~do - © (1=3,000m) m3 5.80° 19.50
Fxcavation,. rock (L=1,000m) m3 10,107 55,60
~do - (L=2,000m) w 10.60° - 57.60
. -do - (1=3,000m) m3 11.20 59,90
Embankment (L=500m) - m3 3,80 13,80
Fill & backfill (L=1,000m) > 4,40 15.80
- - do - (L=2,000m) m3 4,80 17.00
~ do - (1=3,000m) m3 5,20 18,20
Excavatlon, tunnel : m3_ 44,10 369,00
~do - , shaft m3 33,20 201.00
Concrete, weir, slab m3_ 42,50 342,00 .
-~ do - , structure (L=6,000m) 3 © 50,40 402.00
"= do - , structure (L= 500m) w3 44,20 376.00
- do - , superstructure m3 45,40 409,00
. - do - , tunnel m .54.60 478,00
~ do -~ , shaft m3 60,50 482,00
Formwork, weir . m2 2,00 . 49,80
- do - , structure e 2,50 55.50
- do -, tumnel ' m? 7.40 36.40
 ~ do - , shaft m? 16,00 81,30
Reinforcing bar ton 504,00 4,190,00
Steel support ton 760,00 4,500,00°
Steel structure ton - .1,050,00 5,250.00
Consolidation grout, open m. 46,30 246,00
- do - , tunnel i © 32,90 238,00 .
Curtain grout : m 81.00 - 536,00 -
Backfill grout m3 38,00 385.00
Gravel surface m3 10,90 46,60
Slope protection, concrete n? - 8.80 75.20
~ do ~ ~, gunite % 113,00 138.00
Asphalt pavement m2 . 10.30 6,30
TFence m 10,00 96,00
m

100,00




Table 2,2 Labour Cost (Wage Rate)

Foreign Local
Description Unit Currency Currency

- (Us$) (XShs.)
Foreman M.D 145 -
Foreman A ‘M.D - 85
Foreman B M.D - 70
Operator A M.D - 75
Operator B M.D - 65
Assistant operator: M.D - 60
Driver - M.D - 60

Mechanic A - M.D - 80

Mechanic B M.D - 60
Electrician A M.D - 80
 Rigger A - M.D - 70
Carpenter B M.D - 60
- Boring worker A M.D -~ 75
Concrete worker A M.D -~ 70
Driller A M.D - 70
Driller B M.D - 60
~ Tunnel worker A M.D - 70
Pipe fitter _ M.D - 60
Powder operator M.D - 70
Reinforcement worker M.D - 70
Grout worker A M.D - 75
Grout worker B M.D - 65
Pavement worker M.D - 60
Skilled labor 4.D - 40
- Common labor M.D - 30




Table 2.3 Material Cost (1K%l_

: 3 - Foreign - Tocal
. Description = Unit "Currency  Currency
__(us$) (XShs,)
Gasoline - L - it - 0.4 2.0
Light oil - 1it 0.4 -
Electric : kwh - 1.0
Lubricant . : lit. 1.7 -
Grease - kg 2,7 .-
Portland cement, ordinary _ ton 46,7 700.0
Air-entraining agent o kg 1.0 7.8
Water-reducing agent : kg 1.4 -10.8
Air-bubble agent kg 2.4 18,0
Reinforcing bar “ton - 370.0 2,400.0
H-shape steel . ton 700.0 4,500.0
Channel steel ' ton - 560,0 3,600.0
Dynamite - . kg 4.8 36.3
ANFO powder ' kg 1.5 11.3
Detonator, ordinary no. 0.8 5.6
Detonator, delay _ - g, 0.9 L 6.6
Timber, plank . ©om - 2,500.0
“Timber, square : ' : i3 - - 2,000.0
Timber, log . | oW - 1,800.0 .
Metal form, 300 x 1500 B no,’ 12,4 93.1
Metal form, 200 x 1500 ‘no. C12,5 94.1
Metal form, 150 x 1500 no., 9.7 72.8 -
Metal form, 100 x 1500 o no, 8.4 63,1
Separator, 8-10mm dia. “m 0.3 2.4
Cone : no. 0.2 1.1
Form oil - _ : ‘ 1it 1.3 C 29,7
Cast iron pipe, 75mm dia. : “m 11.3 84.4
Gas pipe, 65min - m 4,8 35.9
Galvanized pipe, 100mm m 7.8 58.8
Galvanized pipe, 150mm m 13.0 97.8
Galvanized pipe, 200mm m 19,8 '149.,0
P.V.C. pipe, 40mm m - 1.0 7.3
Vinyl vent pipe, 400mm m 5.1 38.4
Vinyl vent pipe, 500mm m 6.4 48,1
Spiral bent pipe, 600mm m 14.6 109.0
Annealed iron wire k§ - 15.0.
Lozenge~shaped net, 14 megh m* 2.0 15,0
Cross bit, 36mm no. 28.8 216.0
Cross bit, 38mm no, 29.7 223.0
Cross bit, 44mm no 33.1 248.,0
Cross bit, 50mm no 45,0 338.0
Cross bit, 53mm ne, 48.3 363.0
Insert bit, 22mm no, - 61,3 459,0
Taper rod, 22mm no. 31.4 235.0
Taper rod, 22mm ' no, 39,5 267.0
63.8

Taper rod, 25mm _ no.




Table 2.3 Material Cost (2/2)

L _ Foreign Local
Degcription Unit Currency Currency
- : : : (Us$) {KShs.)
Rod, crawler drill, 35D, 3m no. 143.8 1,080,0
Rod, crawler drill, 35D, sleeve no. 43.8 328.0
Rod, crawler drill, 35D, shank no, 98.0 734.0
Rod, crawler drill, M110, 3m ' no. 143.8 1,080.0
Rod, crawler drill, M110, sleeve no. - 43,8 328.0
Rod, crawler drill, M110, shank no. 97.9 734.0
Injection branch ' - no, 167.9 126.0
Injection hose = - : m 16.3 122.0
Return hose -~ _ m 0.1 0.9
Boring rod, 40.5mm S m 55. 416.0
Metal bit, 46mm _ o no. 16.5 124.0
Tube core barrel, 46mm no. 71.2 534.0
Diamond bit _— carat 41.7 312.0
Diamond reamer . : _ carat 41.7 312.0
Sand at quarry ton - 15.0

Asphalt emulsion lit 1.3 -
6.7 400.0

Asphalt mixture ton 2




Table 2.4 Major Equipment Cost (1/2)

Foreign

Lbcal

Hr 4,90

Description Unit Currency. Currency
L (US&)_ (KShs.)
Bulldozer, 21 ton Hr . 33.49 . 150,80
Bulldozer, 11 ton Hr - 18,69 84,10
Bulldozer w/rigper, 21 ton H . 39.35 178.70
Backhoe, 0.3 m Hr 14,74 65.60
Tractor shovel, 1.6 m3 Hr | 19,75 89.60 .
Tractor shovel, 2.3 m> o . 27.53  125.00
Muck loader, 0.6 m>. i = 33,17 152,70
Dump truck, 11 ton. H 10,21 45,70
Battery locomotive, 4 ton Hr - 14,70 73,20
Battery locomotgve, 10 ton Hr 37.44 186,60
Muck car, 4.5 m” Day 12,42 - 57.40
Truck crane, 20 ton Hr 26,63 112 70
Grout pump, 7.5 kw Day 17,25 76.30
Grout pump, 11 kw Day - ' 22,33 98,90 -
Grout mixer, 2001it x 2 Day - 7.70 34,10
Grout mixer, 300115 Day 70 42,90°
Crawler drill, 7 /m1n Hr _ 13,03 . 56,10
Leg hammer, 30 kg Day 5.13 ©21.20
Pick hammer, 7.5 kg Day 7 0.64 2,60
Drifter 30 kg Day 7.48 30.90
Drill jumbo, 7-boom Day 17.82 78,10
Cuide shell, 2.0m, 30kg Day 10,38 44,20
Boring machine, 5.5 kw Day 20,93 91.80
Jack hamier, 15 kg Day 5,56 © 23,00
Train loader, 200 t/h " Day . . . B3.05 352,70
Motor grader, 3.7 m Hr - 18.90 82.90
Vibrating roller, 5 tgn “Hr- o 7.50 32.50
Agitator truck, 3.2 m Hr 11,36 49,60
Concrete pump car, 45 §3/h Hr . 29,72 136,90
Concrete placer, 3.0 m Hr § - 13,06 58,50
Concrete bucket, 1.0 g Day : 17,47 77.10 -
Concrete plant, 130 m Hr 61.78 274,20
Agitator car, 3 m He - 10,98 49,20
Air compressor, 10 wo /min Day’ 52.71 233,80 -
Air compressor, 27 m3/win Hr 5,88 25,50 .
Ventilation fun, 300 m/min Day 19,12 81.20
Ventilation fun, 100 m”/min Day 0.97 4,10
Sprinkler truck, 6.3 klit. Hr 9.13 40,20
Jaw crugher, single, 600x900 Hr _ 13,38 61,80
Cone crusher, 900 mm Hr _ 16.73 72,00 -
Spiral classifier, 900x6500 Hr o 6.17 27.80 .
Vibrating feeder, 50 t/h Day - 4,80 19,90
Vibrating feeder, 100 t/h Day - 7.00 . 29,00
Apron feeder, 1000x3500 Hr 13.02 58.30 -
Vib. screen, 1200x3000 Hr _ 2.94 13,80
Vib. screen, 1800x4200 23,20




Table 2.4 Major Bquipment Cost (2/2)

. : Foreign Local

Description Unit Currency - Currency

: .- (US$) (KShSo)
Belt conveyor, 15x300mm Hr 1.44 5,50
Belt conveyor, 30x450mm Hr 3.72 14,20
Belt conveyor, 30x600mm Hr 4,78 18.30
‘Belt conveyor, 15x750mm Hr 3.47 13,20
Grizzly ' Day 118,13 506,10




Table 2.5 Land Acquisition -

* (Unit: KShs.)
" Description Quantity-  ypie Rate " Total
N (ha) - - .

1. Reservoir and 3,6 11,000/ha . 39,600
Intake 14.4 7,500/ha 108,000

2, Surge Tank 0.3 7,500/ha | 2,250
3. PenstbckILine 1.0 7,500/hé 7,500
4, 'Taiirace, Powerhouse 2.4 7,500/ha 18,000

"and Switchyard _ . _'

5. Substation 0.1 7,500/ha 750
6. Temporary Facilities 2.4 7,500/ha 18,000
 Total 2,2 o 194,100




Table 2.6 Construction Cost

o Foreign - Local
Description . Currency Currency Total

: (1,000 US$) (1,000 KShs,) (1,000 KShs.)

1. Preparatory works  4,005.0 14,631.6 74,706.6
2. Civil works 14,009.8 106,884.5 317,031.5
3. Metal works 8,338.0 11,815.4 136,885.4

4, Generating equipment & _

gubstation equipment 15,928.0 22,152,0 261,072.0

. Transmission line 1,774.0 5,464,0 32,074.0
Total (1 - 5) 44,054.8 160,947.5 821,769.5

6. Land acquisition &. . :
~ compensation - 194.1 194,1

7. Administration expenses - 16,435.4 16,435.4
8. Engineering services : 6,030.0 ~ 90,450.0
‘Total (1 - 8) 50,084.8 177,577.0 '928,849.0

9. Physical contingency 3,706.5 15,786.2 71,383.7
10. Price escalation 10,144 .4 123,510.,7 275,676.7
Grand total - 653,935.7 316,873.9 1,275,909.4

Note: A cost of US$'3 million is necessary for detailed design and
preparation of tender document on the pre-construction stage
. besides the above costs.



Table 2.7 ' Detailed Construction Cost (1/2)

Fbreign:j" Local

Description . Currency ~°  Currency ~Total
R (1,000 US$) (1,000 KShs.) (1,000 KShs.)
1. Preparatory works 4,005.0 14,631.6 . 74,706.6
2. Civil works | ' : '
2.1 River diversion _ 401.8 2,254.4 7 B,281.4
2.2 Watervay -~ 1,579.9  12,331.4 = 36,029.9
2,2,1 Intake weir . . - S
2.2.2 Intake and’ desilting 1 887 7 14,266.2 42,581,7
basin ' : ' S .
2.2.3 Headrace tunnel : 6,209,1 51,223.6 144, 360 1'
2.2.4 Surge tank - 438.5 2,883.4 7 9,460.9
2.2. 5 Penstock ' 879.9 5,886,1 _ _19_084 6
. Sub-total (2.2) . 10,995.1 -  86,590.7 251,517.2
2.3 Power station . o T S
2.3.1 Tailrace 501,3  3,545,0 © 11,064.5
2.3.2 Powerhouse 814.9 5,385.1 Ci 7 17,608.6
2.3.3 Switchyard | 136.4 732.1 - 2,778.1
2.3.4 Building works 474.5 4,107, . - 11,225.0
Sub-total (2.3) 01,9271 13,769.7  42,676.2
2.4 Outlet channel 101.6 514.0 < 2,038.0
2.5 Road construction 584.2 3,755.7 12,5187
Total (2) 14,009.,8 106,884,5 317,031.5
3. Metal works : ' : o - _
3.1 Weir metal work . 758,5 “1,211.4 -12,588,9
3.2 Intake metal work 1,600.3 2,553.8 : 26,558.3
3.3 Penstock metal work $5,979.2- - 8,050.2 a7,738.2
Total (3) - 8,338.0 11,8154 136,885.4

4, Generating equipment &
substation equiupment o : R c e
4.1 Generating equipment 11,908.0 16,001.0 194,621.,0

4,2 Substation equipment 4, 020.0 0,151,0 66,431.0
Total (4) 15, 928.0 22,152.0. 261.072,0
5. Tranemission line - 1,774.0 5,464.0 32,074.0

Total (1 - 5) 44,0548  160,947,5. . 821,769.5




Table 2.7 Detailed Construction Cost (2/2).

_ : '_Foreign Lbcal. _
Dascription | Currency Currency - Total
{1,000 US$) (1,000 KShs.) ~ (1,000 KShs,)

6. Land acquisition &

compensation o - . 194,1 194,1

7. Administration expenses - 16,435.4 16,435.4
8. Engineering services 6,030.0 - 90,450.0
_ . Total (1 -~ 8). _ 50,084.8 o 177,577.0 928,849,0
9{-th81031 contingency - 3,706.5 15,786,2 71,383.7
10. Price escalation o 10,1444 123,510.7 275,676.7
Grand total : 63,935.7 316,873.9 1,275,909.4

Note: A cost of US$ 3 million is necessary for detailed design and
preparation of tender document on the pre-construction stage
besides the above costs,
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Chapter 1. BXTENSIBLE DEVELOPMENT PLAN

1.1 General

The Sondu River has 41,6 m3/sec of annual discharge at the
Sondu/Miriu intake site, while the irrigation area (8,540 ha net) of the
preset study, Pre-feasibility Report on Kano Plain Irrigation Project of
" Volume IIT, consumes only about 7.4 n3/sec. Most of the diverted water
runs into the Lake after generating the power and branch off the

irrigation water,

On the other hand, the whole Xano plain.has 60,000 haé/ of potential

irrigation area.
‘In this circumstance; following discussion about- irrigation

development possibility in the Kano Plain is necessary for Ffuture

development of water resources in Kano Plain.

1.2 Irrigable Area

For the convenience of plan formulétion, the XKano plain is divided
into the follbwing three oneé by the major rivers as shown in Figure
1.1. ' '

Zone . -_Location ' : . : Net irrigable area (ha)

A Kendu_Béy w,Awach.Kano.River 8,540
(project area in the pfe~' oo
_ feésibiliﬁy study) _
B ‘Awach Kano River - Nyando River - 7,070

G Right bank of the Nyando River 10,000
Total - - 25,610

Vii-1 -



The discusslon of irrigable area in Zone A is given way to Volume
1IT, Pre-feasibility Report on.Kano Plain Irrigation Project.

The irrigable area for Zone B was selected in the land suitability
classification study described in the separate volume of Appendix ITT of
Volume V, "Soil and Land Evaluation'.

For Zone G, irrigable area.is‘estimated referring to the result of

the UNDP river profile studies.2/

1.3 Hydrological Data

The Sondu and the Nyando rivers are.main water sources for the Kano
plain irfigation development. - The monthly river discharge record at 1JG1
(Table 1.1) for the Sondu River and 16D4 ‘(Table 1,2) for the Nyando River

are applied for estimating total available irrigation water,

1.4 Water Requirement -

The .irrigation water required for each zoné'is-calculated as’
follows. It is noted that the requirements of Zone C are based on the
estimates by the UNDP and that thé'highést-réquifément for whole Kano

Plain is 19.1 m3/sec on October with an average value of 12.5 m3_l’sece

Zone A Zone B Zone €% Total (23/sec)

Jan., 4.83 2.58 . 402 . 11.43

Feb. 2,03 1,17 - 2,46 5,66
Mar., 2,96 1.93 3,40 . 13,95
Apr. | 3.6  2.47 4,02 10,10
May 4,57 2,60 6,38 - 13,55
June 6.2 ~  3.48 8,20 17,92
July - 3,26 - 1.81  3.23 8.30
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“Aug.

- Sep.,
Oct.
Nov.
Dec.

0.90 0.56 3.16 4,62

3.63 2,31 . 6,98 12.92
7.35 4,33 7.37 19.05
6.81 . 3.82 6.37 17.00

6.07 3.40 5.54 15.01

Average 12.46

1.5 Development Alternatives

To gearch the optimal dévelopment scale of the Kano Plain irrigation

development,'folldwing two cases are conceived,

Cagse -~ 1:

Case - 2:

Irrigation_in-the area of Zone A and Zone B by using
water released from the tailrace of the Sondu/Miriu power

plant,.

Irrigation in the whole Kano Plain; i.e, Zone A, Zones B &
Zone C, by the Sondu/Miriu diversion and Awasi diversion

on the Nyando River.

1.6 Reservoir Storage Requirement

Water balance calculation between irrigation water requirement and

river discharge gives the required reservoir storage volume, The

calculation for above two cases were carried out in monthly base and

" result is shown in Figure 1.2 and 1.3,

V'Case - 13

This case réquifed eitht times of supplemental water in 37
vears (refer to Figure 1;2); It is meant that the Sondu
River will cover about 15,610 ha irrigation area without
any storage dam with 78% dependability.
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Case -~ 2:

Maximum reduired reservolr capacity'is about 110x105m3f$nd .
water deficit occurs 17 times in 37 years (refer to Figure
1.3). According to the water balance calculation, about
18x106m3 of reservolr will need for B8O% depehdability
irrigation. - The Magwagwa reservolr has more volume than
maximunm required volume of 110x106m3,.and éonsequently the
whole Kano Piain (25,610 ha) will receive enocugh
irrigation water from the reservolr with 100%

dependability after completion of Magwagwa dam,
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- Chapter 2, COST AND BENEFIT

2.1 Cost Estimate

The project costs of both alternative cases are estimated hased on

the present study and LBDA's study.

The cost of case ~ 1 is calculated by using estimated construction

quantity and unit prices.

For case -~ 2, the construction cost of alternative B-2 of UNDP's

study is applied. Following table presents the cost estimation for both

cases.
Case.— 1 Case - 2
KShs 1,163 million KShs 1,745 million

2.2 lIrrigation Benefit

The benefit to be derived from the project.is estimated also by
using the results of present study and UNDP's study. Following table
shows the project benefit at the full development stage for both cases.

Case -1 7 Case -~ 2
XShs 323 million XShe 419 million
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2.3 Cost-Benefit Flow

The annual flows of cost and benefit are shown in Table 2.1 for both
cases, The following table shows - the present value of benefit and cost
discounted at the discount rate of 10%.

R | - (KShs million) ..

Cage — 1 Cage =2
Present value of cost - 782 . 21,180

Present value of benefit 1,413 - 1,829
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Tablg.2,1 Cash Flow Diagram (1/2)

Case = 1 (15,610 ha)

Case - II (25,610 ha)

Year Cost 08&M Benefit Year Cost Q&M Benefit
-5 4795 -5 5140
-4~ 16873 -4 18021
-3 62064 -3 65817
-2 292302 -2 438382
-1 277841 -1 430830
0. 179952 _ 0 252045
1 109519 13406 37914 1 180374 22143 47669
2 109519 14827 93755 2 195804 25248 118047
3 109519 16249 157850 3 148826 27413 198831
4 16249 227634 4 27413 290755
5 16249 267632 5 27413 345695
6 16249 293523 6 27413 381643
7 16249 311160 7 27413 403186
8 ‘16249 320544 8 27413 416323
9 16249 322101 9 27413 418932
10 16249 322101 10 27413 418932
11 16249 . 322101 11 27413 418932
12 16249 322101 iz 27413 418932
13 16249 322101 13 27413 418932
14 16249 322101 14 27413 418932
15 16249 322101 15 27413 418932
16 16249 322101 16 27413 418932
17 16249 322101 17 - 27413 418932
18 16249 322101 18 27413 418932
19 16249 322101 19 27413 418932
.20 16249 322101 20 27413 418932
21 16249 322101 21 27413 418932
22 16249 322101 22 27413 418932
23 16249 322101 23 37513 418932
24 16249 322101 24 27413 418932 -
25 16249 322101 25 27413 418932
26 16249 322101 26 27413 418932
27 16249 32210% 27 27413 418932
28 16249 322101 28 27413 418932
29 16249 322101 29 27413 418032
.30 16249 322101 30 27413 418932
31 16249 322101 31 27413 418932
32 16249 . 322101 32 27415 418932
33 16249 322101 33 27413 418932
34 16249 322101 34 27413 418932
35 16249 = 322101 35 27413 418932
36 16249 322101 36 27413 418932
37 16246 - 322101 37 27413 418932
38 - 16249 322101 38 27413 518932
39 16249 322101 39 27413 418932
40 16249 - 322101 40 27413 418932
41 16249 322101 41 27413 418932
42 16249 322101 42 27413 418932




Table 2,1 Cash Flow Diagram (2/2)

Case — 1 (15,610 ha)

“Case - il (25,610 ha)

Year  Cost - D&M Benefit | Year Cost - Q&M Benefit

43 16249 322101 - 43 27413 . 418932
&4 16249 322101 4f 27413 418932
45 16249 ~ 322101 - 45 27413 418932
46 16249 - 322101 46 27413 © - 418932
47 16249 322101 47 27413 418932
48 16249 322101 48 27413 418932
49 16249 322101 49 27413 - 418932
50 16249 50 418932

- 322101

27413
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Command area : 15,610 ha
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Figure 1.2 .Required Reservoir Capacity for Case - 1

" Command area : 25,610 ha
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