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CHAPTER 8 CONSTRUCTION AND MAINTENANCE/ OPERATION COSTS

8.1

General

The Study Team established a unit price for each construction item using basic cost elements
such as labour, materials, equipment, overhead, profit etc. The unit prices were computed
in accordance with the following criteria.

(1)

(2)

3)

The estimates were prepared on the assumption that all construction works will be
contracted to a general contractor by international tender.

The unit prices were computed under the economic conditions prevailing in July,
1983.

The costs were estimated for all alternatives and were classified into foreign currency
(indicated in K.Shs) and local currency (indicated in K.Shs) portions.

Foreign currency and local currency components of each unit price were computed from the
following classification of basic cost elements, .

The foreign currency component consists of the costs of:

Imported equipment, materials and supplies;
A portion of domestic materials and supplies
Wages of expatriate personnel: and

Overhead and profit of foreign firms,

The local currency component includes the cost of:

(4)

(5)

(6)

(7

A portion of domestic materials and supplies
Wages of local personnel;
Overhead and profit of local firms; and
Taxes,
The unit price of each work item is obtained by adding the labour cost, equipment

cost, material cost, etc. for the item, and the result is checked against recent actual
figures for construction work in Kenya,

Major materials costs include the following items:—
Fuel, reinforcing bars, prestressing bars, structural steel, fine aggregate, coarse aggre-
gate, cement, asphalt and steel pipe piles.

The Kenyan tax on equipment and materials is computed, Import duty is free based on
a current agreement for an other similar project.

Land acquisition and compensation were based on unit cost data abtained from Mombasa
Municipality.



(8) Physical contingency was estimated to be 10% of the total of construction cost, engineer-
ing fee, and land acquisition and compensation cost,

(9) The final engineering, supervision fees and administration cost ete. were assumed to be
10% of the total of construction cost, and the breakdowns are as follows:

— Final Engineering: 5%
— Supervision, Administration: _ 5%

'The rates of exchange used to convert the Kenyan Shilling to Japanese Yen and US Dollar
are K.Shs 13.06 = US$1.00 = Yen 241,

8.2 Unit Prices
8.2.1 Unit Costs of Materials

The unit cost data of material was collected, The costs of imported materials are based on the
CIF Mombasa price whereas those of local materials are based on the market prices in
Mombasa. The unit costs of the major material items are as shown in Table 8.2.1 and 8.2.2.

Table 82,1 UNIT COSTS OF DOMESTIC MATERIALS

(Unit: K.Shs)

Hajor Material Deseription Unit Unit Cost
Fuel Gasoline Lit 7.5
Diasel it 5.5
Engine 0Ll ‘ ) Lit 21,5
Sand Cu.M 58
Crushed Stone Crusher dust CU.M n
1/4" CU.M 93
r2m n2n Cu.H 97
Boulder 6" x 9" CU.H 70
Cement Standard Ton 1,143
Portland Ton 1,213
Sulphate resisting Ton 1,285.3
Timber Cypress CU.M 1,550
Cedar Cu.M 1,720
Hardwood Cu.M 6,360
Paint Road marking painec Lit 80
Paint for metal Lit 60
Asphalt 60-80, straight Ton 2,866
Emulsion Lit 4.1
Concrete Block 5" x 10" x 38" No. 30
Concrete Pipe $#400 L.M 210
#600 L.M 400
¢1,000 L4 780




Table 8,22 UNIT COSTS OF FOREIGN MATERIALS (1)

{(Unit: K.Shs)

Material Descyiption Unit Unit Cost

Steel Deformed Bar JIS G3112 SD30 Ton 4,150

Steel Plate JIS G3101 8841 Ton 6,300

JIS G3106 SM50Y Ton 7,400

_ JIS5 G3106 SM58 Ton 9,500

High Strength Bolt | JIg B1186 F10T Ton 13,500

Bearing Shoe (HTB) Tefron Ton 38,000

Roller Ton 105,600

B.P Ton 8, 800

Rubber L.M 19,500

Expansion Joint Demag L.M 184,900

Rubber L.M 16,500

P.C Stranded Cable JIS G3536 SHPR Ton 18,700

P.C Rod Bar JIS G3109 SBPR 95/120 Ton 17,600

Guard Rail Steel (Post ectc 4,0m) ..M 268

Hand Rail Steel (For Embankment) LM 2,400

(For Bridges) ..M 3,000

Street Lighting Steel Taper Pole (H=12m) No. 11,000

(For Embankment)
Ditto Yo. 13,000
(For Bridges)

Traffic Sign Type A (1,000x2,000) No. 4,500

Type B (4600) No. 650

Chatter Bar 1=300 (ctc 1,000) No. 400

Back-hoe 0.3 m® No. 641,700

Tire-dozer 2.3 m> (530B) Mo. 164,800

Dozer-shovel D508 Ho. 498,400

Reverse Circulation | §-320 No. 1,794,100
Drill

Clamshell Bucket 2 ton (CH-1,000) Mo, 4,105,400

Three-wing Bit 2.0 m ™~ 3.0 No. 65,400

42.0m "N g2.4 Mo. 64,200

Vibro Pile Hammer 60 Km MNo. 520,800.

Hoist KME, PM-500 No. 778,700

Climbing Shutter I..S 2,429,900

Crawler Crane 300 ton Mo. 19,250,000
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Table 8.22 UNIT COSTS OF FOREIGN MATERIALS (2)

{(Unit: K.S8hs)

Material Description Unit Unit Cost
Crawler Crane 80 ton No, 5,918,200
Truck Crane 127 ton No. 8,890,000

50 ton No. 5,556,900
35 ton Mo. 2,610,200
Climbing Tower~Crane| 182 t-m H=190 m No. 5,382,400
100 t-m H=50 m No. 2,261,400
Climbing Crane Cap. 20 tom - Mo, 2,490,000
(Universally
operatable)
Tower Jib Crane Cap. 40 ton Mo. 2,803,000
Portal Crane Cap. 100 ton No. 2,055,800
Flat-Bed Trailer Cap. 40 ton No . 1,246,000
Truck Cap, 20 ton No. 748,000
Truck | Cap. 10 v 11 ton No. 424,900
Dump truck Cap. 10 ~v 11 ton No. 477,200
Reefer truck Cap. 4 ton Mo, 623,000
Cargo truck Cap. 4 ton No. 343,000
Micro Bus 26 persons No. 353,000
Wagon Ne. 137,000
Sedan No. 112,000
Jeep No. 342,000
Fork-Lift Truck Cap. 4 ton No, 273,200
Cap. 3 ton No. 240,000
Trolley Cap. 40 ton No. 93,400
Rail 30 kg/m Ton 6,850
Deck-Rarge Cap. 500 tonm No. 1,856,400
Tug-Boat 180 bS No. 2,261,400
Winch 35 Kw 105,000
50 H.P 374,000
30 H.P 218,000
Concrete Plant 3.0m3x2 Mo. (360 m3/hr) No. 4,678,500
Crusher 50 & 115 ton/hr No. 485,900
Apgregate Screen 30 m®/hr No. 623,000
Grout Mixer No, 21,800
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Table8.2.2 UNIT COSTS OF FOREIGN MATERIALS (3)

(Init: K.Shs)

Material Deseription Unit Unit Cost
Grout Pump No. 48,300
Vibrator 460, 1.2 Kw No. 8,400
Concrete Bucket 1.5 m? No. 39,800
Generator 300 Kva No. 735,100
125 RvA No. 521,000
100 KVA No. 238,000
40 KVA No. 200,000
Cubicle 50 v 100 Kva No. 169,400
Engine Compressor 50 H.P Wo. 284,400
Cantilever Carriage | 600 t-m No. 3,344,500
400 t-m No. 2,455,300
300 t-~m No, 2,010,600
200 t-m No. 1,566,000
Launching Girder L = 100 m, Cap. 100 ton No, 2,018,400
Electric Arc Welder |500A No, 18,200
300A No. 12,500
Engine Welder 150A No. 49,800
Impact Wrench No, 8,940
Torque Wrench No. 6,230
Nut Rummer No. 21,800
Calibrator ¥o. 28,000
Freyssinet Jack 124 7 m/m E No. 87,800
Dywidag Jack Cap. 70 ton No. 46,500
Cap. 50 ton Vo, 39,600
011 Jack Cap. 500 ton No. 224,000
Cap. 200 ton No. 62,300
Cap. 100 ton No. 93,400
(Stroke 1,500 mm)
Cap. 50 ton No. 18,700
Tension Jack (Cahle)|Cap. 500 ton No. 487,500
Pump for Tension No, 438,800
Jack
Electric-Motor Pump {0.75 No. 39,500
for Jack




Table 8.2.2 UNIT COSTS OF FOREIGN MATERIALS (4)

(Unit: K.Shs)

Material Description Unit | Unit Cost
Electric~Motor Pump L.§ 209,000
Unit _

Hand-Pump Unit No. 40,500
Bar Render No. 49,100
Lever Block Cap. 3 v 5 ton No. 520
Dynamometer Cap, 100 ton No. 44,800
Cable Stranded Reel L.S 872,000
Set
Staging System L." 9,970,000
Stiffening Materials L.8 868,000
Road Mat L.S 1,760
Travelling Staging |(Under Main Girders) L.S 623,000
Scaffolding Pipe L=6.0m No. 120
L=3,0m No. 60
Scaffolding Board No, 180
Surveying Ingtrument L.S 324,000
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8.2.2 Unit Cost of Lahour

The unit labour cost is based on the actual cost prevailing in Mombasa and Nairobi. The costs
are classified into three categories as follows:
Class-I

Foreman, Heavy Equipment Operator 12.5 Shs/hr (100 Shs/8 hr)

Class-11
Carpenter, Steel worker, Mason, Truck driver 8.5 Shs/hr (68 Shs/8 hr)

Class-II1
Common labour 5.68 Shs/hr (45.5 Shs/8 hr)

8.2.3 Equipment Costs

An assessment of hourly equipment costs was made for the plant that would probably be
used in the construction of the Project. These equipment rates are shown in Table 8.2.3.

That is, the estimated hourly direct costs are calculated based on the estimated CIF unit
prices at Mombasa Port and the operating costs (fuel, lubricant and other expenses) are
based on the market prices in Mombasa.

8.3 Unit Cost for Work ltems

The unit cost for work items is calculated from the material cost, labour cost, equipment
cost, etc. taking into consideration the local conditions in Mombasa, and the unit costs are
listed in Table 8.3.1, 8.3.2 and Appendix D.

8.4 AQuantity of Work 1tems

The quantities by work item are calculated for the approach road (embankment section)
and bridge sections (main bridge and approach bridge) based on the preliminary design des-
cribed in Chapter 7,

The construction quantities are also estimated by alternative navigation clearances and
structural type of main bridge (prestressed concrete and steel).

Table 8.4.1 is presented for approach road, Table 8 4.2 for P.C main bridge (H=55M) and
Appendix E,
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Table 8.3.1 UNIT COST FOR WORK ITEMS {(APPROACH ROAD)

{(Unitc: K.Shs)

Work Item Description Unit Unit Cost
L.C F.C Total_
Clearing & Grubbing (A) | Common field HA 2,180 8,220 | 10,400
(B) Demolish of
house No. 4 14 18
Removal of 0ld Pavement 8Q.M 7 29 36
Removal of Street
Lighting Post No. 510 1,110 1,620
Embankment with Borrow
Material Class~82 CU.M 17 52 69
Excavation & Disposal L=5km CU.M 15 51 66
Top Soil for Slope
Protection t=0.2 m L.M, 74 298 372
Farth Drain 0.5 % 0,5m L.M. 37 148 185
R.C Pipe Culvert D=400 L.M. 510 75 585
Catch Basin W/cover 600x600x600 EACH 1,870 430 2,300
Concrete Curb 5"x10"x36" L.M 53 5 58
Concrete Curb & Gutter W=500 L.M. 81 19 100
Subgrade Preparation 8Q.M 20 5 25
Sub-base Course t=175 Cu.M 189 51 240
Base Course t=150 Cu.M 290 185 475
Asphalt Surface Course t=50 TON 350 330 680
t=80 TON 560 530 1,090
Foot path t=30 | TON 210 200 410
Bituminous Prime Coat Q.M 3.5 4.5 8.0
Chatter Bar 1=300 No. 12 15 27
Retaining Wall H=2m L.M, 21,700 960 | 22,660
Stone Masonry Sq.M 520 230 750
Strip Sodding 5Q.M 8 2 10
Guard Rail L.M, 58 342 400
Road Sign Type A 4600 No. 120 970 | 1,080
i 2,000x1,000 No. 130 4,670 4,860
Road Marking w=150 3Q0.M 134 33 167
Road Lighting:(A)Earth | H=12m No. 1,800 | 14,200 | 16,000
(B)Bridge H=12m No. 1,900 28,600 30,500
Hand rail H=1,500 L.M. 10 | 4,050 | 4,060
Traffic Signal No. 500 | 88,900 | 89,400
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(1

Table 8.3.2 UNIT COST FOR WORK ITEMS

P.C MAIN BRIDGE H=55M, PHASE-I|

< Unit Cost (K.Shs.) ]
Work Ltem Sub-Item Class Unit
L.C F.C Total
Main Girder |Concrete Sck=350kg/cm? | CULM 930 750 1,680
Form Steel 5Q.M 68 232 300
@ .
= Reinforce-
§ ment SD30 Ton . 2,387 11,833 14,220
E P.C. Rod SBPR 95/120 |Ton 7,386 57,114 64,500
i P.C. Cable |[SWPR Ton 12,883 97,117 110,000
& |Stayed Cable |P,C. Cable |SWPR Ton 16,150 122,550 138,700
Erection &
Equipment - - L.s.| 3,368,000 | 20,351,000 23,719,000
Tower ~ lconcrete Sck=350kg/cm2| CU, M| 930 750 1,680
Form Steel 5Q.M} 80 270 3501
M Reinforce~
Z ment SD30 Ton 2,387 11,833 14,220
H
Erection &
Equipment - - L.S.] 1,050,000 | 6,150,000| 7,200,000
Body & Footin '
Footing Concrete Sck=300kg/cmé| CU. ML 960 690 1,650
w0 Sck=240kg/cme| CU, M, 900 650 1,550
o Form Steel 5q. M| 80 270 350
E Reinforce-
= ment SD30 Ton 2,387 11,833 14,220
% | Pile Founda-
g| tton Cast~in-
§ place Pile | R.C.D ¢3.0m | L.M. 13,800 53,900 67,700
E Shoe Tefron 800x800x150 | No. 14,000 56,000 70,000
& Rollex Ton 12,377 95,923 108,300
Expansion Demag L.M. 37,900 151,700 189,600
Joint
Temporary &
Other Work L.S.| 17,007,000| 96,373,000[113,380,000
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{2) APPROACH BRIDGE H=55M, PHASE-|

Unit Cost (K.Shs.)
Work Item Sub-It C
e lass jUmitl g ¢ F.C Total
R.C. Hollow [Concrete Sck=240kg/cm? [CU .M ] 900 650 1,550
Form Steel 5Q.M| 80 270 350
Reinforce-
ment SD30 Ton 2,387 11,833 14,220
Post Tension |Concrete Sck=350kg/cm? |CU,M, 930 750 1,680
T-Girder
a
i Form Steel SQ.M 75 245 320
In
g Reinforce~
b ment SD30 Ton 2,387 11,833 14,220
L]
] PC Cable SWPR Ton 12,883 97,117 110,000
Py
2|P.C Rigid Concrete Sck=350kg/cm? |CU,M, 930 750 1,680
¥
rame Form Steel SQ.HM 68 232 300
Reinforce-
ment SD30 Ton 2,387 11,833 14,220
P.C Rod SBPR 95/120 |Ton 7,386 57,114 64,500
Erection &
Equipment L.S.| 4,040,000 [22,899,000 | 26,939,000
Body & Foot-
ing Concrete Sck=240kg/cm? |CU.M 900 650 1,550
Form Steel SQ.M 80 270 350
Reinforce~
ment $D30 Ton 2,387 11,833 14,220
Pile Founda-
tion Cast-in-
place pile R.C.D $3.0 L.M, 13,800 53,900 67,700
[iF}
5 42.5  |L.M. 11,800 46,200 58,000
I
3 $2.0  |L.M. 9,860 38,540 48,400
H
o | Shoe BP Ton 3,250 13,001 16,251
et
& Rubber R75 No. 1,480 5,920 7,400
R65 No. 1,400 5,600 7,000
R55 No. 1,280 5,120 6,400
R4S No. 1,160 4,640 5,800
Expansion 0
Toint Rubber L.M. 2,840 11,360 14,20
Temporary &
Other Work L.s.|10,808,000 |61,246,000 | 72,054,000




{3} APPROACH BRIDGE H=55 M, PHASE-I
. Unit Cost (K.Shs.)
Work Item Sub~Item Classg Unit L.C F.C Total
R.C. Hollow [Concrete Sck=240kg/cm? |CU M. 900 650 1,550
Form Steel SQ.M, 8O 270 350
Reinforce-
ment $D30 Ton 2,387 11,833 14,220
Post Tension [Concrete Sck=350kg/cm? |CU.M. 930 750 1,680
o T~Girder
3 Form Steel 5Q.M. 75 245 320
E Reinforce-
@ ment SD30 Ton 2,387 11,833 14,220
& P.C Cable  [SWER Ton | . 12,883 97,117 110,000
“lp.c Rigid Concrete Sck=350kg/cm? |CU.M. 930 750 1,680
Frame Form Steel SQ.M, . 68 232 300
Reinforce~
ment SD30 Ton 2,387 11,833 14,220
P.C Rod SBPR 95/120 (Ton 7,386 57,114 64,500
Erection & '
Equipment L.S. | 3,922,000 | 22,228,000(26,150,000
Body & Foot~
ing Concrete Sck=240kg/cm? |CU.M, 900 650 1,550
Tarm Steel SQ.M. 80 270 350
Reinforce~-
ment SD30 Ton 2,387 11,833 14,220
Plle Founda- [Cast-in~-
tion -place pile R.C.D ¢3.0 L.M. 13,800 53,900 67,700
a $2.5 L.M. 11,800 46,200 58,000
3 $2.0  [L.M. 9,860 38,540{ 48,400
E Shoe BP Ton 3,250 13,001 16,251
%]
a Rubber R75 No. 1,480 5,920 7,400
e
@ R65 No. 1,400 5,600 7,000
R55 No. 1,280 5,120 6,400
R45 No, 1,160 4,640 5,800
Expansion
Joint Rubber L.M, 2,840 11,360 14,200
Temporary &
Other work L.S. 17,917 101,533 119,450




Table 8.4.1

QUANTITIES FOR ROAD CONSTRUCTION

Quantities
H=73.2 m H=55 m H=45 m
Hork Item Ut | phase-1 | Phase~II| Phase-I | Phase-II| Phase-I | Phase-11
Clearing & Grubbing (A) | HA 6.6 2.0 8.1 1.4 8.8 1.1
(B) No. 10 40 11 15 11 9
Removal of 0ld Pavement | 5Q.M 114 644, 1,362 375 1,362 488
Removal of Street
Lighting Post EACH 62 6 ] 4 b4 4
Embankment with
Borrow Material CU.M, 37,671 25,037 25,898 19,126 28,557 18,673
Excavation & Plsposal | CU.M. - 3,760 . | 2,925 | 3,712 | z,925 | 2,896
Top Soil for Slopa
Protection CU.M. 1,372 1,187 1,531 1,347 1,562 1,377
Earth Drain L.M. 5,080 300 5,310 300 5,750 300
R.C. Pipe Culvert L.M. 341 .424 389 294 417 311
Catch Basin W/Cover Ho. 54 78 92 108 99 110
Concrete Curb L.M. 4,420 9,980 4,251 9,120 3,056 9,705
Concrete Curb & Gutter | L.M. 2,660 3,870 4,761 5,517' 4,981 5,442
Subgrade Preparation 8Q.M. 39,750 39,200 52,160 34,980 52,160 31,800
Sub-base Course CU.M., 6,148 6,228 8,298 5,565 8,298 5,060
‘Base Course cu.m.| 5,220 | 5,160 | 6,863 | 4,611 | 6,863 4,190
ABphalt Surface Course TON 6,447 7,233 6,607 5,560 6,533 5,049
t = 50 (4,872) (7,233) (5,795) (4,802) (5,723) (4,285%)
t = 80 TON (3,131) - (1,603) | (1,527) | (1,603) | (1,527)
£ = 30 TON 1,342 1,371 1,040 980 1,010 895
(1,113) (1,371) {925} (866) (895) {780)
Bituminous Prime Coat SQ.M, 56,057 62,895 57,449 48,400 56,812 43,905
Chatter Bar No. 1,777 - - - - -
Retaining Wall L.M, - 440 240 520 180 500 -
Stone Masonry 5Q.M, 180 60 60 60 60 60
Strip Sodding 5Q.M. | 6,861 5,933 7,654 6,736 7,812 6,884
Guard Rail L.M 1,000 540 1,490 750 1,490 750
Road Sign (A) No. 4 - 2 - 2 -
(m No. 4 4 4 4 4 4
Road Marking SQ.M. | 2,022 2,353 1,549 1,477 1,549 1,388
Road Lighting  (A) No, 0 152 124 64 124 61
(B) No 71 91 57 83 517 78
Hand rail L.M. 3,640 4,650 1,985 2,845 1,690 2,400
Traffic Signal No. 7 3 7 3 7 3

Note: Figures in the blacket are the quantitles for
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{1

Table 84.2 QUANTITIES FOR BRIDGE CONSTRUCTION
P.C. MAIN BRIDGE, H=55, PHASE I & I}

Ttem Sub-Item Class Unit Quantities
Main Girder Concrete Sck=350 CU.M, 11,286
 kg/em?
Form Steel 5Q.M. 39,743
ar
5  Reinforcement | 8D30 Ton ‘1,354
4
g
o P.C Rod SBPR 95/120 Ton 225
)
a _
I P.C Cable SWPR Ton 151
5"
fi4s]
Stayed Cable| P.C Cable SWPR Ton 966
Erection & - L.S. 1
Equipment
Tower Concrete Sck=350 CU.M, 5,558
kg/cm
Form Steel 5Q.M, 6,380
H
% Reinforcement | SD30 Ton 389
B
Erection & ~ L.S 1
Equipment
Body & Concrete $ck=300 5 CU.M, 10,104
Footing kg/cm
Sck=240 CU.M. 5,552
kg/cm2 ’
_% Foxm Steel SQ.M, 13,994
R
Q
2 Reinforcement | SD30 Ton 1,607
w3
o | Plle Cast-in-place [ R.C.D ¢3.0m L.M. 1,920
H Foundation Pile
+)
3]
g | Shoe Tefron 800x800x150 No. 8
i
< Roller 12 Nos. Ton 23,2
7
Expansion Demag L.M. 22
joint
Temporary &
Other Work L.8 1
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(2) APPROACH BRIDGE, H=55M, PHASE | & Il

Quantities
Item Sub-Item Class Unit Phase-1 Phase~11
R.C Hollow Concrecte 6ck=240kg/cm2 CU.M, 3,031 5,063
Form Steel SQ.M, 6,864 11,467
Reinforcement | SD30 Ton 561 937
Post Tension |Concrete 6ck=350kg/cm2 CU.M 3,648 4,690
g | T-Girder
2
)
é Form Steel SQ .M, 21,158 26,673
44
o Reinforcement | SD30 Ton 421 563
o
u
& P.C Cable SWPR Ton 183 246
P.C Rigid - 2
Frame Concrete Sck=350kg/cm CU.M. 4,511 6,032
Form Steel 5Q.M 15,268 20,661
Reinforcement | SD30 Ton 539 720
P.C Rod SBPR 95/120 Ton 324 423
Erection & L.S 1 1
-Equipment
Body & Concrete Sck=240kg/cm® | CULM 11,546 | 20,798
Footing
Torm Steel 5Q .M. 13,597 24,273
Reinforcement |SD30 Ton 1,159 1,571
Pile Foun- Cast~in-place |R.C.D ¢3.0 L.M, 0 0
dation pile
" 42,5 L.M, 280 210
" " 42,6 L.M, 420 840
%]
3
1 Shoe RP Ton 15.6 9.6
5
-t
s rubber R75t No. 0 60
]
3
«n R65¢ No. 192 300
R55t No. 0 24
R45t No, 192 480
Expansion Rubber L.M. 396 748
joint
Temporary &
Other Work L.S 1 1
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8.5 Land Aquisition and Compensation Costs

The data of land acquisition and compensation costs are obtained from the Municipal Council
of Mombasa, which are shown below:

1) Land Price (Unit: Shs/M?)
Location Residential Commercial

(13 Mombasa Istand

Kizingo Area

1st Beach Row 200 — 250 o

2nd Beach Row 175 — 220 Ave, 250

3rd Beach Row 150 — 200 —
Ganjoni Area Ave, 125 Ave, 250

(2) South Mainland

Inland Area incl. 25 — 45
the area of A-14

2) Compensation Cost (Unit: Shs/M?)

Island . South Mainland

(1} Swahili House with electricity

but no water service — 1,400 Shs/M?
(2} Same above with Makuti roof - 1,000
(3) Permanent House with

electricity and water services,

Single Storey 2,000 Shs/M? 1,800

Double Storey 2,250 2,100

Multi Storey 2,350 2,200
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8.6 Preliminary Construction Cost Estimates
8.6.1 General

The construction cost estimate were made for each alternative based on the quantities and
on the unit prices presented in 8.4 of Chapter 8. The costs are split into foreign and local
CUTTRNCY Componerits,

In this sub-section the following costs are estimated.

— Expansion cost for existing ferry terminal

— Tunnel cost (case for Tz, Immersed Tube Tunnel)

— Bridge cost by navigation clearance (H=73.2, 55,45 M)
- Tollgate cost '

The former two costs are estimated in Appendix G and 1.

8.6.2 Project Cost
1) Project Cost
The project costs by navigation clearance, type (P.C and Steel) and Phasing (1 & 1I) are

presented in Tables 8.6.1 and 8.6.2, and summarized in Table 8.6.3.

Table 86,3 TOTAL PROJECT COST

(Unit: 1,000 K.Shs)

Phase I Phase II Total

P.C, Case

B =73.2™| 1,810,671 | 1,372,298 | 3,182,969

H= 55 1,076,958 | 1,248,819 2,325,777

H = 45 925,513 | 1,056,972 1,982,485
Steel Case

H=73.2"| 1,844,710 | 1,372,298 | 3,217,008

H= 55 1,231,133 1,402,933 2,634,066

H =45 1,088,065 1,219,462 2,307,527
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The bridge costs including P.C and steel main bridges are compared in Appendix F,
These are summarized in Table 8.6 4.

The total construction costs of steel including approach bridge and Phase-I & I construc-
tion costs are more expensive than that of P.C bridge, 1.4% at 73.2 m, 14% at 55 m and

17% at 45 m.

Table 8.6.4 BRIDGE CONSTRUCTION COST COMPARISON (P.C and Steel)
' (Unit: 1,000 K. Shs.)

P.C Case Steel Case

Navi.
Clear- Main Approach Main Approach
ance Bridge Bridge Total Bridge Bridge Total
73,2 861,376 | 1,643,987 | 2,505,363 896,260] 1,643,987 | 2,540,247
55 1,133,802 686,132 | 1,819,934 | 1,386,340\ 686,132 | 2,072,472
45 1,102,708 450,433 | 1,553,141 1,369,092 450,433 | 1,819,525

Note: The figures above are the total of currency portion and

phasing of the Project.

Furthermote, steel Main bridge costs by navigation clearance are also higher than that of
P.C Main bridge, 4% at 73.2 m, 22% at 55 m and 24% at 45 m as shown in Table 8.6.5.

Table 8.6.5 MAIN BRIDGE COST BY BRIDGE TYPE (PHASE-l COST)

(Unit: Million K.Shs.)

Type & .
yClearance P.C Bridge Steel Bridge
Major Work 73,21 55M st 73.2M | 55N 45M

Superstructure 345 246,2 244 .6 405.,4 324.9 324.9
Tower 36.6 24.3 23.8 | 100.6 89.0 89.0
Substructure 328. 3 183,0 | 172.6 | 211.0 | 140.6 | 133.7
Temporary &
Othgr oo 151.4 113.4 | 110.3 | 179.3 | 138.6 | 136.9
Total 861.3 566.9 | 551.3 | 896.3 | 693.2 | 684.5
Note:

adding the cost in Phase-IT,
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2) Tollgate

Tollgates are planned and described in 7.3.4 in Chapter 7. In the case of toll levy for the
project road, additional cost must be estimated for determination of toll rate by vehicle
type.

In Phase-] construction additional pavement will not be required. The cost is mainly
estimated for three gates construction. In Phase-II additional pavement of 900 m?, two i
tollgates and removal and construction of curb & Gutter, etc. are required. These costs
are estimated by phase as shown in Table 8.6.6.

Table 8.6.6 TOLLGATE CONSTRUCTION COST

{Unit: 1,000 K.Shs)

Phase LC FC Total
Phase - 1T 210 210 420
Phase - II 325 264 589

8.7 Maintenance and Operation Costs
8.7.1 Maintenance Costs

Maintenance has been defined as “the preserving and keeping of each type of roadway,
roadside, structure, and facility as nearly as possible in its original condition as constructed
or as subsequently improved, and the operation of road facilities and services to provide
satisfactory and safe transportation™.

The maintenance cost of the project road is estimated for the following items,

Electricity Cost (1)
Maintenance~‘

Road Maintenance Cost{ Cleaning Cost (2)
Repairs

(1) Electricity Cost

Repair Cost (3)

This includes the cost of electricity for lighting, traffic signal, inspection elevator in
towers (steel main bridge), etc. These costs were estimated based on the required

“electricity of each facility.

(2) Cleaning Cost

This includes the cost of cleaning the road surface, drainage facilities, guard rails, traffic
sign boards, slope and median strip, etc, This was estimated refering to available Japa-
nese data.
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(3) Repair Cost

This includes the cost of road surface repairs, overlays, painting of bridges and guard
rails etc,, inspection of structures, expansion joint repairs and inspection and repair
of electric and traffic control facilities. '

Overlaying is assumed every five years, Painting of handrails, etc. is assumed as once in
every 20 year. The painting of steel main bridge is designed as 4 permanent painting and
tileoreticaliy no re-painting is required. Observing the existing steel bridge applied by
permaneht painting, repainting is carried out within 20 years, such as San Fransisco
Bay Bridge. Therefore it is assumed that repainting is executed every 20 years after
opening and then every 5 years considering the site working conditions.

According to the conditions, maintenance costs by bridge type are estimated in Table

8.7.1.
Table 8.7.1 MAINTENANCE COST

(Unit: 1,000 X, Shs. /year)

qESEE‘“““ElEEEEEEE“‘ 73.2 M 55 M 45 M
1) Electricity Cost 1,490.6 1,636.2 1,536.2
2) Cleaning Cost 1,670.0 | 1,832.5 1,720.5
3) Repair Cost 8,563.0 6,533.0 6,014.0
(11,223.0) | ( 9,743.0) ( 9,224.0)

Total 11,723.6 10,001.7 9,270,7
(14,383.6) | (13,211.7) (12,480.7)

Note: The figures in bracketé show the cost for steel

maln bridge case.

8.7.2 Operation Costs

The staff required for operation of tollgates are described in Chapter 7. Tt should be noted
that the site staff for the maintenance work calculated in the previous paragraph is not in-
cluded in the operation costs,

One supervisor and collectors arranged in each tollgate work in a three shift system of 8 hour/
day. Annual operation cost including electricity and some facility rapair costs is estimated
disregarding alternative navigation clearance as shown in Table 8.7.2.

Table 87,2 OPERATION COST FOR TOLLGATE

{Unit: K.Shs/Year}
265,680
356,400

Phase |
Phase |1
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CHAPTER 9 IMPLEMENTATION PLAN

9.1 General

The Ministry of Transport and Communications (MOTC) will be Government Agency respon-
gible for the execution of the project, The Government will engage the countractor by inter-
national bidding. For the implementation of the project, stage construction (Phase-I and II)
is adopted.

9.2 Implementation Schedule
9.2.1. Stage Construction

The construction of the project road requires a very large investment due to the high navi-
gation clearance. In general for a large scale project, it is desireable to construct in stages
following the pattern of the traffic demand.

Two construction cases were considered. Consfruction in one phase and construction in
two phases were examined for the navigation clearance of 55 m. As a result, construction in
two phases is to be prefered as described in Chapter 10.

The scale of project cost will also be controlled by the size of the general financial package
approved by international financing agencies,

Stage construction is applied to this project and should be considered for the number of
traffic lanes. Fig. 9.2.1 and 9.2.2 show the construction stage of the project.

1) Phase-I Construction

In Phase-I all alternatives (by navigation clearance) access to Lunga Lunga Road on the
Likoni side, whilst on Mombasa Island all access to Nyerere Ave., except the alternative
with navigation clearance of 73.2 m, which accesses to the intersection of Nyerere Ave.
and Mbaraki Road.

2) Phase-IT Construction

For all cases of navigation clearance a four-lane extension to Mbaraki Road on the island
is the major part of Phase Il work. In the case of 55 m and 45 m clearances an additional
two lanes including the bridge section will be constructed. For the case of 73.2 m clear-
ances only the additional two lanes of approach roads will be constructed.

The extensions to the South in Likoni area and the extension to the future trunk road
(for the future section excluding this project) should be established in compliance with
the Mombasa Transportation Plan and this Study (Chapter 6).

The intersection of Nyerere Ave. and Dedan Kimathi Ave. for both 55 and 45 m clear-
ances will remain an at-grade intersection,
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9.2.2 Implementation Plan

Prior to the construction it will be necessary to carry out such pre-construction preparatory
work as wind tunne! test, topographic survey, soils investigation, detailed design, land acqui-
sition, and financial procurement. The minimum period required for such preparatory
proqedures is estimated to be 4 years for all alternative clearances,

The detailed design including additional wind tunnel testing will take about 2.5 years, During
the land acquisition period, final negotiations on financial procurement are completed and
the contract for construction can be approved and awarded. It is assumed this process will
take about one year.

Bridge construction is the major protion of this project. The construction period for each
alternative was analyzed considering annual working days and average construction speed
of each work item. The construction periods for a P.C/steel main bridge case are shown in
Fig. 9.2.3 and 9.2.4 based on the bridge construction periods analyzed in Appendix H.
The construction period for a steel bridge is one year shorter than the P.C bridge as summa-
rized in Table 9.2.1.

Table 9.2,1 CONSTRUCTION PERIOD

P.CBridge Steel Bridge
Navigation clearance Phase~I | Phage~II | Phase-1 | Phase~-1I
73.21 5 4 4 4
55 4 4 3 3
45 4 4 3 3

The opening year of the project road by alternative case are shown in Table 9.2.2. The
opening of Phase-II will take place in 2002 according to the traffic demand analyzed in
Chapter 3,

Table 8,22 OPENING YEAR OF PROJECT ROAD

P;C Case Steel Case

Navigation clearance Phase-1 | Phase~11 | Phase~I | Phase-11

73.2M 1993 2002 1992 2002
55 1992 2002 1991 12002
45 1992 2002 1991 2002
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Fig. 923 IMPLEMENTATION SCHEDULE (P.C MAIN BRIDGE CASE)
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Fig. 9.2.4

Navigation Clearance: 73, ZM
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CHAPTER 10 ECONOMIC EVALUATION AND FINANCIAL STUDY

10.1 General

The economic evaluation is to determine whether this project will contribute to the over-all
economy of Kenya based on a comparison of costs and benefits, Although costs represent
commitments and consumption of resources (including labour) for the implementation of
the project, transfer payments such as tax are not inciuded in the economic cost, since these
elements are more institutional than economic attributes, The effects of transfer payments
have already been taken into consideration for the financial evaluation using the financial
cost of the project which is presented in the sub-section 10.11. Fig. 10.1.1 shows the work
flow chart for economic evaluation,

10.1.1 Alternatives

A total of 11 alternatives (P.C and steel main bridge, immersed tube tunnel) including phasing
were evaluated as shown in Table 10.1.1,

Table 10,1.1 ALTERNATIVES FOR ECONOMIC EVALUATION

Alternative Bridge Clearance runnel
Phasing 73. oM SSM 45M
Single PC 0 0 0 0
Construction | Steel - -~ -
Staged PC 0 0 0
Construction Steel 0 0 0 0

Note : Mark “0” means the alternative evaluated in the study,

Financial studies, financing and toll bridge accounting, were also carried out for the bridge
alternative of 55 m clearance as described in Sub-section 10.11.

10.1.2 Contents of Benefit

It is not possible to express all benefits from projects in monetary terms since there are usual-
ly no market prices for such benefits,

In this project the following five benefits can be quantities and be calculated.
(1) User’s benefit (Vehicle operating cost and Time cost savings)
(2) Ferry cost saved by the project
{(3) Flow effects of the investment
(4} Residual value of the investment
(5) Benefit from regional development

10-1
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The last benefit listed above can be quantified but is a material for the sensitivity analysis due
to the reliability on quantification.

There are also some immeasurable benefits derived from the project such as increased com-
fort, convenience and reliability, lower vehicle maintenance costs, fewer accidents and less
damage to goods, scenic spots as nice view of the bridge, etc.

10.2 Conversion Factors

The project cost was estimated in terms of financial cost. For the economic evaluation the
cost should be converted to the economic cost excluding transfer elements.

The conversion factors to be used in this project are shown in Table 10.2.1 , which the factor
for foreign components of the cost was estimated to be about 0.8 in the cost estimation,.

Table 10.2.1 CONVERSION FACTORS

Standard Conversion Factor (SCF) 0,92
Conversion Factor for Consumer Goods (CFC) 0.935
Unskililed Labor Cost 0.935
Local Materials 0.834
Conversion Local Fuel Cost 0.167
Factor for Local Other Cost 0.644
Domestic Land Acquisition 0,920
Procurement Compensation 0.920
Local Engineering Fee 0.935
Local Part of Contingency 0,676

Note: Detailed calculation of the above factors to be described in Appendix I,

10.3 Project Costs

The total project cost is composed of construction cost, land acquisition and compensation
cost, final engineering and supervision services and physical contingency. Each component is
subdivided into the local and foreign currency portions, and tax element for the respective
portions were subtracted.

A summary of these portions is presented in Table 10.3.1 through 10.3.3 for the cases of

55 m bridge and others in Appendix J. The transfer portions for 1 | alternatives are shown in
Table 10.3.4.

10-3



LOOLESDT 530L8E TOOLST g81sE SZ31Z £E8EPT £200E SZERS LBLGZ POZBELT IrrrLe TelOL
P8EBIT OBZLZ 28401 TBrZ 0 g93E6 9L8T OtLST LETL 91528 GELST 1002
0B90ZZ Z81Zv 29002 S£8¢8 Q 93£e 9487 6] o] £SZT6T TLPSE 0002
88918 19038 gLLBZ S6FS Q 336 9.87 Q Q SEE8LZ 880£S BEET
£e5832 ZZB5S Zirve #3808 0 99Es SL8T OFLST LBTL 510612 SSLIF 8661
POCET +O0ST PRI rIET al-4=1991 la] o} 0 G 0 o LEBT
£ZICTT 844 %4 TI00% ZZZZ 0 99£6 9481 TZEET 9835 £Z8ss QES¥T 1661
Z1rZ9ai 0L0tE S9LFT sz8ez 0 99E€R 9,87 Q 0 T8Z8LT B9E3Z 0661
S3Zr&Z 3IB8S8Y STIEZ LIty c 99£6 9487 0 0 rRLIZZ £eZiy 68671
B3SBGLE r189% ErPGd £9185 0 539£6 9,87 £ZBET 96495 SETIEZ gLOPY BB5T
95Z3¢% 8BZpPT 36ZE B6Z7T Sg64L SLEPZ F00S 0 8] 0 O LEET
ELPLE PGSS Bere Q085 0 SLEPZ r00S o] o o ol 9361 anyea
ELtLZ gel=i= 85rZ Q05 0 SLEFZ F00S o] 0 o] 0 == STWOLODg
LLLSTTE PEIETS l¥+11T 52994 BEIEC EL =R &196% G PEAeTET LERZTE
190051 FLIPT ZFIET BEED @ asgIl &5+ St StEFGT ST
L90ELT FFASS BLEET SF05 @ G=EIT &8+ @ LFBIFD SFIHR
p=F L o L3148 SBEST DS @ nESIT ABPLD g Et@TES fgates
Ll Yy £2T1PL EHaGL ZFLD @ w5511 SBFT e =) FELESLT | HIAEES
&84T SEBST =BE1T &8 HEBBI @ @ @ @ &
ATS4ZT DTHIT P LbaT @ @SBl BT =4 PEILA el 3
FOISGT L0ZTF L2961 g @ GI== R &5 T o TFEFLL- o Bae T
PIEIZE BH+7 122el B5ES @ BS8TT =S o @ SSHa8T JTEnss £8e1
LFTHSE &FISL L£5i8E GS8Y G B5F17 &gt S55L T8ITTLT {55+ES 28s1
BIFSF &Pl &SI+ ZTAT BESET 161 oTeT @ B e LEST
122 +E GOTL 91z +EG @ I%91E” 9T 0 & & m@ el snrey
194FE BeTs 2= 85 PO @ Taliz PEIR 5} Q 5] 5] SdaT TeTIdUBUT g
uoTyI0g TOTITOS U0TIIOH "oT3.20 o
Lousrany fouszmg fousimg hunmwmnw hwcwwwmm Jeay antey
udrazog udToao g udTaI0 g udtaacy udTagog
-+ - -+ + + .+
hwwwwwmm h”mwwwmm hwmwwmmm h”oﬁunam UOT3I0g ueTIICS ToT3.I0d UOTIIO TOTII0G uoTII0g
) TIING Louarimn fouarang | Lousaany Lousrma KLauazanng Lyusgang
Iea0T [eo01 1201 Tea0T Ted0oy Tes0q ~ TeooT1 TesoT Tes0y Ten0q
uOTITsTNDO Y ucTstaradng
3805 19sf01g Teaog AouaBurzuoy pueT A Furrasutiuy peocy yreoxddy adpTag

{"sug 000°Y : 3THD)

SI919H S5 =

1500 1D23Ir0Hd

woI3YNIAsUe] adeas ¢
Q3pTIE 2d T

soueleaTn TOT2RFTARN °T

i’E0i ®I19el

10-4



EPESIST 8TLETE L5441 ZI9ED SERIE IETED 125FE SZEeS LBLSE FLPZTLTT L LETE Te1oL
£B8LE | FF-A Z&8E FoPT (5 PIZZT . JEEFT ZPLET T&BTT &ZESt iS&8 TE&T
ZELETY SEBYE THATT £9Z7 3 123 2EPT @ @ 212560 Ryioz 1653
PLISBE SLERS ToLLE L0585 @ SIElT TEFE @ 5} QOTSET g/l Deel
BE99tTS CabPat FePet I5%s & QI=TT Z&FE ] @ 2+IPE+ &TPTE &8l
=13 PBLEL Seriz a9 @ PIE0T P Z9FET 5871 EAOTAL Pl 88a1
e o 85r8T S1T BLET SZ9IZ TSR SST+ & @ & : &84l
LLSTT T£5+ LSO 1+ @ FLSas S5 ¥ @ @ 9 @ FE&T anTex
ELEEE 1451 ool Qi @ PLSBT CoTd 4] B @ @ oIS STUOUODT
Galslel LZAEEF ZTLFPLT SLTET @gI8T EB6TS] B&GTE ETI9L GBItE Z15628F1 ZBLDST 123031
are+ol S@S5T Tozil 8ZZE @ HEIS5T GIzT ZOaBE aBIlT : 14811 TEET
29091 ZZGEE START THBE ) 2051 AIEE @ @ #1407 LS
I9@98E TZFid FEBSE Brel @ DeIST @IZE @ @ TLBLD Bas
Tez1e? &PHPBTT 9+BES 8851 @ BaT5T alze 9 i FESBIIS 14522 £8e&1
GLOITF IRBLG SHIT £&88 |0 apF5T arsrs oFe3s aalsl +5L0FE L5589 g8a1
SF189 DI9LE 29¥5 GZP iz ig=pa Taazal SIS @ @ @ @ L8451
1698T g5eo GOIE el @ TapoT PISS @ 9 g @ FBLI enTep
1a28Z g9e9 GoT it = @ Taags 2155 @ @ @ & S8&1 | TeTausuTg
uoTyI0g UoTIIO] UOLII0H TOTIIOG uorlIeg Jeax anTep
Louazang Asmazang Lozmaxang Louwazany £ouaaang
udragog udrszog uFraio uftarog udtagoy
+ + + + +
UOTII04 uoT3IC UOTIIC woTII0 uoTII04 uoTIIOg TOTII04 UoTII0] uoTIIo UOTI204
KLouzazang Louaxing Azuaxang Louaaann Lousaany £ouazang  jAousaany Aouaxany Aduarzang Louaaang
Tese] Ted01 Teo0T Tezo] Teso Te207 Tea0] TesoT 12007 Te201
uor3rsmbay uersTAIadng
31509 10afoag Telog Lousfutiucy puey 5 Surraaurfug peoy yoeoaddy #3ptag

("sus 000‘t : armn)

uo1aonIlsuon afels-uoy g
23pTag 3 T
SI339 §§ = 9DOUEJEI[] UOTIBITARN Y

1S00 103rodd Z°e0t 9qel.

10-5



28 0898 1aZFZ ARISET ZAPET SL91Z BELsPE 8T4TT 22019 SEO9Z 11£8Z91 &LSZTE [L2A S

BTLES Thezs 188 Fosr o F9T1PT LEBE SoI91 1L by i 198BL Taaz

TH&zZ 28408 @PESBE oL @ S £Z8Z @ @ PELTLE TalBd BHGT

PInEGE BI+ZL IR FLO9T @ PITFE 2Z8E GIIOT 01dbe STERET Laseg St ]

FoRoST Foosl PIET PRI BFIE Te @ & o) & @ @ BeaT

P88ELT GI=TP 18981 BLiLE @ DRT+T £58T (=i BT&S wlEEST LTDET BeEs T
 1ZOR9% PPLeT PEIZZ AP @ IR LZ8Z @ 2 L3241 LLSHT &84T

61 185T 51122 LPFTE 559 @ FEIH1 L2888 = B1es LATELeD F1895 BB&T

BSAST Zaogy £z9e LT 5BEL TTEBE FAE @ @ @ @ 2Bs51 angep
RTIZ BIZ9 - ZEgE 595 @ EEreT FEPS @ @ @ @ SB&T dTIonody
FRI1E BI1Z% EPHZ 895 i ZETBT P & i 9 @ TS

SR@PEIT 298545 aP+EEE (3=~ @B98L TSI SBett &8 £5FEY ZLFTL0E F&P¥IF JLRCA

QLESTE OPSTL OPPST pdii=) o] PTELT &PLE TLLBT 8Z8& 192458 #IP1S o0z

calszg Ta+Lol FAPAL S FRLE 8 Pl T GFLE @ & [§:ai-Fa BEBEEL Gaes

ZELPSE SLELs I+=Z1¥ 88 @ LT =S F A TLLGE 8284 A VA TS EFéPL &L T

&aBsT &egel &081 2681 asagdl i & @ @ @ @ Ba&T

SLLIST &1185 (1= 1105 @ PZELT SFLE Zi+81 &F8L £05T61 BISEE besd

Se519% ==y A =Y =104 24~ @ FEedl &rLx @ & Balliad i+zey &BET

BEZ PSP ZPFSE SOZTH 5598 @ PZELT SPLE ZI1+BE SFEL EELRLT ASESL g88s7

18415 Q&BaT ST 68T s1=t=t7 0 L FBST LépL @ @ & @ LBET NTBL -
TZPET LPTE 5852 BSL 9 LPBEZ Livd 9 % % t Bt | TEPOUEOLY
fulag o0 o3 LFEY SBSE @S g I +BEE LétL 9 @ @ @ SB&T. e
uoTlI0g uorlJI0g HOTIIO ) aaTyIod ToT3aIng JEIX anyep
Louasamn Lowsrany Lauaaany Lausaang Louaaann

ufrsioy - udtagog: udtesogq ufrsaog TETsI0 g

+ . + . + . + - +
uoglIeg uoylIeg UOTII0g uorIang uorIICg UQTIJI0 ToT3a0d aoT3J04 UOTII0] aoTlaog
Louazang Lottazmy Lovarmy ALouazany Aoua.rmy Aouwarmyg | Louwazang Lonarmy Louarang Louaiang
Ted07 Te2071 Teaet Teo0T] Te207 Teoor 1e307 Tedo1 Teso] Teooy
: . uo 3 T=mboy uorsTazadng .
3s0p 1sefoxg Telol  LameFuTyuoy prey 5 Futraauyduyg pecy yoevoxddy ) adpTay

{"s4us coD*T : 3TuEn)

£1930K CC =

1S0D 103roud €°€°0l 2l

uoTjonrlsne) afeis *¢
aF3prag 19?35 T

adURIEATN UOTIEITAEN T

106



Table 10.3.4 AMOUNT OF TRANSFER PORTION

(Unit: 1,000 K.Shs.)
Alternative Bridge Clearance

Tunnel
Phasing 73,2 55M 45"
Single P.C 667,749 403,847 333,657

921,383
Construction | Steel - -~ -
Staged P.C 667,749 488,770 416,391
Construction | Steel 675,009 553,303 484,430 1,130,976

10.4 Maintenance Costs

The maintenance costs estimated in Chapter 8 was also converted in terms of economic cost
and is shown in Table 10.4.1,

Table 104,17 MAINTENANCE COSTS
(Units 1.000 8hs, 1983 Price)
Phase Phase~T Phase~11
Value Finan- Econo~ Finan- Econo~
Alternative clal mic cial mic
2M P.C 3,452 3,176 8,272 7,610
g 73 Steel 4,782 4,399 9,602 8,834
=
o 5sM P.C 3,205 2,949 6,797 6,253
T2 Steel 4,275 3,933 8,937 8,222
o=t
e 45N P.C 3,085 2,838 6,186 5,691
Steel 4,154 3,822 8,326 7,660-
Tunnel 10,500 9,660 16,000 14,720
Note: The conversion factor of 0.92 (SCF) to be used.

105 User’s Benefit

10.5.1

1} Zoning

Premises for User’s Benefit Analysis

A total of 29 zones were considered in forecasting traffic demand in Chapter 5. For the
convenience of benefit calculation the following 6 zones and 5 zonal pairs were selected,
since only the channel crossing traffic is the objective for estimation of user’s benefit.
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2)

3)

4)

(1) Island North, North
Mainland, Kilifi

(6) Likoni East,
Likoni West,
Mtongwe ,
Kubo

(2) 1Island South

(3) Port/Industry

(4) Town Centre

{(5) West Mainland

Forecast Traffic

In the traffic survey conducted in April 1983, the heavy trucks with more than three
axles were included in the medium truck (more than 1.5 ton tare weight) but were only
very few, If the crossing facility will be constructed, then heavy trucks will increase.

During the study the border of Tanzania was reopened and in 1976 a total of 60 trailers
(25 ton) were counted daily at the border.

Interviews were carried out in XENATOKO, suppliers of construction material, etc.
These companies have the intention to purchase heavy trucks instead of uslng existing
medium trucks upon the opening of the crossing.

It is difficult to forecast what percentages will be converted to heavy trucks, but it is
assumed that about 45% of medium trucks will be converted to heavy trucks to give a
truck composition similar to that using the Makupa Causeway.

The final traffic demand for user’s benefit calculation by the target year was estimated
based on the traffic demand forecast in Chapter 5 as shwon in Table 10.5.1.

Link Network

The link network and its conditions to be used for the calculation of user’s benefit are
presented in Appendix J.

Route Search

The route search study is made based on the shortest distance principle. Table 10.5.2
shows the distances by zone-pair, comparing the distance via existing ferry route and
the one via proposed crossing route. All the routes via the proposed structures are
greater in distance,
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Table 10.5.2 SAVINGS IN DISTANCE

(Unit: Kilometers)

wal Paix | ©-00-0|0-0®-CO-©

Distance via Existing Ferry 7.6 | 5.1 7.0 5.0 8.3

H =73 2M Phase I 10,2 7.7 9.0 7.6 | 10.9

h ’ Phase II 8.8 7.7 8.2 7.6 9.5

_ oM Phase I 9.0 8.0 8.9 6.4 3.9

Distance | H = 55" | 5 o0 11 9.0 | 8.0 | 8.6 | 6.4 | 9.9
via

Proposed | oM | Phase T 9.0 | 8.0 | 8.9 | 6.4 | 9.9

Crossing | fl = Phase 11 9.0 | 8,0 | 8.5 | 6.4 | 9.8

Tunnel 7.4 8.5 6.7 6.9 8.0

H =73 2M Phase T ~2,6 |-2,6 | -2.6 |-2.6 | -2.6

S Phase 11 ~1.,2 |-2,6 | -1.2 | -2.6 | -1,2

H _ 55M Phase I ""'1.4 _2.9 _l|9 _114 -106

Saving - Phase I1 1.4 |-2.9 | -1.6 |[-1.4 | -1,6
in

Distance q = 45M Phase I -1.4 }|-2.9 | -1.9 |-1.4 | ~1,6

N Phase II ~1.4 | =2,9 | ~1.5 | 1,4 | -1.5

Tunnel 0.2 -3,4 0.3 -1.9 0.3

105.2 Vehicle Operating Cost

The major cost items of the vehicle operating cost is estimated in Appendix J and tabulated

by type of vehicle in Table 10.5.3.

The cost values of 4.7 shs/km and 12.6 shs/km for medium truck and big truck, respectively

do not include their respective interests (0.442 shs/kim and 2.070 shs/km), but these interests
are included in their respective time cost.

The calculated vehicle operating costs and their savings are shown in Table 10.5.4, which
are obtained by multiplying the values in Table 10.5.2 by the above respective unit prices.
The savigns are all in minus figures because the distance via proposed structure route is

greater as shown in Table 10.5.2.
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Table 10.5.3 VEHICLE

OPERATING COST (1983 price, Economic Value)
(Unit: she/vehicle/km)

Vehicle Car Light | Small Big Medium| Big
Truck Bus Bus Truck | Truck
Varia- | Fuel 0.686 0,979 0.979 1.603 1.640 3,055
hle 011 0,024 0.037 0.037 0.078 0.067 0.084
Cost Repair 0.191 | 0,381 | 0,381 N.852! 0,5771 1,050
Sub Total 1.149% 1,397 2.533 2,284 4,189
Depreciation | 0.411 | 0.958 | 0.958 4,559 0.695| 3.489
Interest 0.258 0,271 | 0.271 0.966 | (0.442)% (2,070)
Fixed Crew - - 0.594 0.701 0.818 1.164
Cost General Ad, - - - 0,758 0.584] 1.168
Insurance 0,215 0.225 0,225 0.802 0.368 2.588
Sub Total 1.169* 2,048 7.786 | 2,907 10.479
Grand Total 2.31.8% 3,445 10.319 | 4,749 12,598
Note; * indicates the average value of car and light truck.

10.5.3 Time Cost Saving

1} Time and Time Saving

The trip time by zonal pair and their time saving are calculated for alternatives and is
shown in Table 10.5.5. In the table the term of “Trip Time Without Project” expresses
the trip time using the existing ferry. The total trip time including queuing time and

crossing time and unloading time is estimated in Table 10.5.6.

Table 10.5.6 ESTIMATED TOTAL CROSSING TIME

Vehicle Type

Crogging Time

Car and light vehicle
Small bus

Big bus

Medium truck

Big truck

20 minutes/unit

20
20
40
40

The estimation is simulated upon traffic volume by time band (Table 10.5.7), average
operating schedule (Table 3.2.2) and survey data (crossing time, loading and unloading
time in Table 3.2.5).

The total crossing time is claculated for the estimated left over vehicles as shown in Table

10.5.8.
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Table 10.5.4

VEHICLE OPERATING COST AND THEIR SAVINGS

(Unit: Shs/vehicle, Economic cost, 1983 price)

Phase-1 Phage-TT
Zopaly | Car & | Small Big | Medium Big | Car & | Small Big Medium | Rig
Palir Light Bus Rus Truck Truck | Light Bus Bus Truck Truck
A3 | 18.2 25.8 | 78,3 35,7 95,8
Withous @ (@ 12.2 17.3 | 52,5 24.0 64,3 -
mje“t @D~® [ 16.8 | 23.8 | 72.1 | 32,9 | 88.2 Same as Phase I
< m% 12.0 | 17.0 | 51,5 | 23.5 | 63.0
B~ 19,9 | 28.2 | 85.5 | 39.0 |104.6
8m© 24,5 § 34,7 [105.1 | 47,9 |128,5 | 21,1 79,9 | 90,6 | 41,4 |[110.9
" A 18,5 26.2 79.3 36,2 97,0 | 18,5 | 26,2 79,3 | 36.2 97.0
H= 73,2 8m 23.0 32,6 98,9 45,1 ]121.0 19,7 27.9 84,5 38,5 1103.3
" 18.2 25.8 78.3 35.7 95.8 | 18,2 | 25.8 78.% 15,7 95,8
G v® | 26.2 37.1 | 112,3 | 51,2 |137,3 | 22,8 | 32.3 97,8 | 44.7 [119.7
Q m% 21.6 | 306 92,7 42,3 [13.4 | 21,6 10,6 | 92,7 42,3 [113.4
. a 19.2 27.2 82,4 37.6 |100.8 | 19,2 27,2 | 82.4 37,6 3100,8
LN =55 A ) 2144 30,3 91,7 | 41,8 |112.r | 20.6 29.2 | B8.6 | 40.4 |108.4
l n 15.4 21,8 | 65,9 30.1 80,6 15.4 21,8 65,9 30,1 | 80,6
= @~ 23.8 | 33,7 (102,0 | 46,5 {124.7 23,8 33.7 |102,0 | 46.5 |124.7
o :
o D ~® 21.6 30.6 | 92,7 42,3 [113.4
¥ . 3 m% " 19,2 27.2 82.4 37.6 1100,8
o= 45 @~ Same ag I = 55 20,4 28,9 87.5 1 40.6 (107.1
@ @ 15.4 | 21.8 | 65,9 | 30,1 | BO.6
@ 23,5 | 33,3 Jioo.9 | 46,1 1236
B 17,8 | 25,2 76.2 | 34.8 | 93,2
A, 20,4 28,9 87.6 39,9 1107.1
Tunnel A 16,1 22.8 69,0 31.5 84.4
(3 16,6 23,5 71.1 32.4 86,9
3 19.2 27.2 82.4 3.6 |100.8
'\- -3.4 ~i 8L -14,4 ~6,6 |-17.6 | -3.4 | -4;8 |-14.4 | 6.6 |-17.8
Saving dn % B L -7.0 -9,9 |-29.9 |-13.6 |-36.5 -7.0 -9.9 [-29.9 [ -13.6 {-36.5
v.o.co, m-% -4.6 ; -6.5 [-19.6 | -8.9 [-23.9 } -3.8 | -5,4 |-16,5 § ~7.5 |-20.2
(1 = 55 ) - -3.4 | -4.8 |-l4.4 -6.6 j-17.6 | -3.4 | -4.8 [-14.4 | -6.6 ]-17.8
GG | -3.8 -5.4 | -16.5 -7.5 {-20.2 | -3.8 | ~5.4 [-16,5 | -7.5 [-20,2
Note: # The other case of 73.2, 45 m and tunnel were also caleulated.
Table 1055 TIME AND TIME SAVINGS
(Unit: Minutes/Vehicle)
Phaae-T Phase-T1
Zo)ual Car & | Small Bilg | Medium Big |[Car & | Small Big | Medium Big
Pair\| Light Pug Bus [ Truck Truck | Light Bus Bus | Truck Truck
o D® 13,10 55,60 | 57.93
Teip Time n(B) 28.10 50,60 | 51.93
Without Ny 31,90 54,40 56,49 Same as Phase 1
Project 4} (@) 27,90 50,40 | 51.69
 (6) 34,50 57.00 | 59.61
’b% 14,70 18,40 11.60 14,72
n 9,70 12,40 9.70
M ' . 12,40
He=73.2" @@ 13,50 16,96 10,40 13,28
"u . 2,50 12,16 9,20 11.84
} O ® 16.10 20,08 13.00 16,40
g ~ (@ 12.68 16.06 12,68 16,06
5 M (@ 10,68 13.66 10,68 13,66
5| W= s5 :% 1§.23 15,82 11,80 14,88
- " . 9.82 7.48 9,82
= O ®) 14,48 18,22 14,48 18,22
jé 81 ié;; 14,06 12.77 16,06
E M . . 13.66 10.77 13,66
= | B =45 @~ @ 12,57 15.82 11.70 14,75
& @~ 7.57 9,82 7.57 9,82
& OO 14,57 18,22 14,30 17.87
DB o 4.70 12,32
@ &) U 11.90 14,96
Tunmel D~ ®) e 8,30 10.64
(ol % T §.70 11.12
O 10.%0 13,76
) %m 20,42 42,92 | 41.88 20,42 42,92 | 41,88
Saving in w (B) 17,42 39,92 | 38,28 17,42 39.92 | 38,28
Trip Time %’" ©) 19,42 41.92 | 40.68 20,10 42,60 | 41,61
{H = 55M) i 20,42 42,97 | 41.88 20,42 42,92 | 41,88
CRI0) 42,52 42,52 | 41,400 20,02 42,52 | 41,40
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Table 10.5.7 TRAFFIC VOLUME THROUGH LIKONI FERRY
BY TIME BAND AND VEHICLE TYPE

From Mbaraki to Likoni From Likoni to Mbaraki
Ei;ﬁt Truck | Bus Heavy Total Fine E::ﬁt Truck| Bus Heavy Total
Matat& Truck Band Matat; Truck
7 0 0 0 7 QL 18 0 0 0 18
6 Q 0 0 6 12 7 0 a 0
8 0 0 0 8 2=3 ] 0 0
5 0 0 0 3 34 3 0 0 0 3
8 0 1 0 9 b 10 0 1 0 11
7 0 7 0 14 5~6 16 2 2 0 20
15 7 2 0 24 67 32 6 0 0 38
26 15 0 0 45 7~8 78 16 2 0 96
72 28 5 0 105 8-9 83 13 2 0 o8
54 i8 0 0 72 9-10 126 20 0 0 146
39 i0 0 0 49 - 10-11 117 16 2 0 135
105 28 1 0 134 11-12 89 18 2 0 109
113 14 4 0 131 12-13 48 17 4] 0 65
42 20 10 0 72 13-14 62 24 0 0 86
48 15 0 0 63 14-15 25 4 0 0 29
57 16 0 0 73 15-16 68 21 1 0 90
95 14 1 2 112 16-17 75 13 a ] 88
101 9 2 0 112 17-18 51 18 1 0 70
57 2 0 0 59 18~19 51 6 1 1 59
39 0 0 0 39 19-20 45 0 5 0 50
42 2 2 0 46 20-21 38 0 6 0 44
28 0 0 0 28 21-22 21 0 1 0 22
21 0 0 0 21 22-23 19 0 0 0 19
21, 0 0 0 21 23-24 12 0 0 0 12
1016 202 35 2 1255 Total 1096 194 26 1 1317
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2) Time Cost Saving

The time value is estimated in Appendix J and tabulated in Table 10.5.9. Time cost

saving is obtained by multiplying Table 10.5,5 (Time and time Saving) and Table 10.5.9
(Time Value) and is presented in Table 10.5.10.

Table 10,6.9 TIME VALUE
(Unit: Shs/hour; Economic Value, 1983 Price)

Type of Veh. Czr Small Big Medium Big
Year Light Bus Bus Truck | Truck
1983 Before Adjustment| 83 71 166 40 150
After Adjustment 53 42 106 40 150
1990 63.0 49.9 126.0 40 150

2000 80.6 63.9 161.3 40 150

2010 103.3 81.8 206.5 40 150

Note: The annual growth rate of time value is assumed 2.5% except trucks, The

2.5% rate is referred to the rate of the national income per capita in the
period 1970,

10.5.4 User Benefit

The total user benefit is finally obtained by multiplying estimated traffic (Table 10.5.1) and
User cost saving and benefit (Table 10.5.11) and is presented in Table 10.5.12 for the bridge
case of 55 m. The other cases are also computed,

The benefit of induced traffic is usually taken as 50% of the benefit of the normal traffic as
shown in Fig. 10.5.1.

User
Cost
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H P
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Benetlt of 2@
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- o
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Fig. 10.5,7 CONCEPTION OF BENEFITS FROM NORMAL AND INDUCED TRAFFIC
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106 Ferry Cost Saved by the Project

If the project crossing will be realized, the existing ferry can be removed. The ferry operation
cost, the construction cost for future additional berth and new ferry boats are therefore
considered the benefit of the project,

10.6.1 Ferry Plan {Without Project Case)

The existing ferry facility must be expanded according to the traffic demand as estimated in
Chapter 5.

The ferry development plan containing one ferry (Safina Class) and one additional berth
provided once in 10 years was found that the service level can be maintained as now as shown
in Table 10.6.1.

10.6.2 Ferry Costs

The construction cost for additional berth is estimated in Chapter 8. The ferry boat cost was

obtained from KBS, Those two costs are converted to the economic cost using conversion
factor (SCF = 0.92).

The ferry operation cost is estimated by the following equation.

Table 10.6.1 FERRY SERVICE LEVEL

No. of ADT
Nam No. of Trips per Capagity in CADTfit
o FErry Day per ay PCU apacity
Year Ferry (2 way) (PCl)
Sofina 1 75 3450 - -
1983 | Movita 1 72 2304 - -
St. Michael 1 17 374 - -
Total 3 164 6128 3804 0.62
Sofina 2 150 6900 - -
1990 | Mavita 1 72 2304 - -
St. Michael 1 17 374 - -
Total 4 9578 4939 0,52
Sofina 3 225 10350 - -
2000 |Movita 1 72 2304 - -
St. Michael 1 17 374 - -
Total 5 13028 7171 0.55
Seofina 4 300 13800 - -
2010 | Movita 1 72 2304 - -
St., Michael 1 17 374 - -
Total 6 16478 10410 0,63

10~19



TOC, = Ki + Ka ¢ ADT,
where: TOCt = operational cost in yeart
ADT, = ADTin year t (traffic without project)
K,,K, = parameters (K, = 937, K, = 1,73 verified with

determinant factor, R* = 0.87)

The parameters, K, and K, in the above equation are obtained through the
regression analysis from the data on the actual operational cost.

The.total ferry cost is tabulated in Table 10.6.2.

10.7 Benefit from Regional Development
The project, if it is realized, will produce the regional development in the process as follow:

Construction of Project » Reduction in Transportation Cost » Reduction in Production Cost
- Increase in Demand - Increase in Production

From this procéss, developed traffic will be generated on one hand, and on the other hand
there will arise added value from the expanded production,

This increase in added value is the most favorable aim by the project execution, However it
is difficult to estimate what portion of the added value is produced by the project,

In this project some portion of the value was estimated using a model as described in Appen-
“dix J . Due to the unreliability of the estimation the benefit is excluded in the project benefit
~and is the material for the sensitivity analysis,

The benefit is estimated as the assumed portion of the added value produced by the project
as shown it Table 10,7.1,

Table 10.7.1 NET INCREASE IN ADDED VALUE DUE TO
REGIONAL DEVELOPMENT

(Unit: 1,000 Shs, 1983 Price)

Alternatives = 2002 2010
H=73,2M 34443 71564

Bridge H o= 550 34835 . 72312

H = 45" 34850 72324

Tunnel 34695 71367

108 Flow Effect

The effect from the public investment is generally considered of both stock effect and flow
effect. The former is the effect arising from the social capital stock generated by the project,
and its representative is the users’ benefits,
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Table 10.6.2 FERRY COST SAVED BY THE PROJECT

Cost of Ferry (economic cost, 1,000 shs)

(ngf Construc—~ Construction
Year without Opera- tion Cost Cost of Total
Project) tional of Additional
Cost New Ferry Berths
1990 4,939 9,481 13,500 6,992 29,973
1991 5,120 9,795 0 0 9,795
1992 5,321 10,142 0 D 10,142
1993 5,523 10, 490 0 0 16,490
1994 5,733 10,855 0 0 10,855
1995 5,951 11,232 a 0 11,232
1996 6,177 11,623 0 0 11,623
1997 6,412 12,030 0 0 12,030
1998 6,656 12,452 0 ‘0 12,452
1999 6,909 12,890 0 0 12,890
2000 7,171 13,343 13,500 6,992 33,835
2001 7,444 13,815 0 0 13,815
2002 7,721 14,305 0 0 14,305
2003 é,ozo 14,812 0 0 14,812
2004 8,325 15,339 0 0 15,339
2005 8,641 15,886 0 o 15,886
2006 8,970 16,455 0 0 16,455
2007 9,311 17,045 0 0 17,045
2008 9,664 17,656 0 0 17,656
2009 10,032 18,292 0 0 18,292
2010 10,410 18,951 13,500 6,992 39,443
2011 10,810 19,643 0 0 19,643
2012 11,210 20,335 0 0 20,335
2013 11,610 21,027 0 0 21,027
2014 12,010 21,719 0 0 21,719
2015 12,410 22,411 0 0 22,411
2016 12,810 23,103 0 0 23,103
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The flow effect is the multiplier effect arising from the investment accompanied by the
project construction and affecting only during the construction period.

The multiplier effect arises only for the domestic procurement as described in Appendix J
and the results are tabulated in Table 10.8.1.
Table 10.8.1 BEMEFIT OF FLOW EFFECT

(Unit: 1,000 Shs, 1983 Price)

Bridge Clearance
H=73,2 M4 H=55M H=4 M
Year P.C Steel P.C Steel ?.C Steel

1985 | 6,503 | 6,603 { 4,899 | 5,534 | 4,216 | 4,885 | 16,265
86 | 6,503 | 6,603 | 4,899 | 5,534 | 4,216 | 4,885 | 37,303
87 | 13,663 | 13.763 | 12,716 | 13,352 | 12,033 | 12,703 | 33,969
88 | 35,003 | 56,097 | 50,564 | 64,182 | 44,000 | 55,080 | 59,477
89 | 72,920 | 77,426 | 43,242 | 62,072 | 33,127 | 56,826 | 59,477
90 | 68,018 | 68,761 | 27,653 | 36,988 | 25,027 | 32,331 | 59,477

Tunnel

91 | 39,888 | 33,158 | 21,755 | 20,980 79,425
92 | 14,545 79,425
97 | 18,174 | 18,174 | 13,353 | 13,353 | 4,171 58,634

98 | 44,052 |.44,313 | 49,771 | 65,342 | 48,416 4,171 | 58,952
99 | 76,788 | 77,113 | 53,810 {72,072 | 39,011 | 60,201 | 58,952
2000 | 43,397 | 43,674 | 37,542 | 48,008 | 29,561 | 62,927 | 78,359
2001 | 15,050 | 15,421 | 24,288 25,467 | 40,410 | 78 041

10,9 Residual Value

The assumption is made that the proposed bridge could be used for 60 years at the end of
which its residual value is zero, while the study period of 30 years is considered in this study.
The residual value of the bridge at the end of 30 years is computed on the straight line
method,

10.10 Comparison of Cost and Benefit
10.10.1 Economic Internal Rate of Return

Currently the general market interest rate in Kenya is around 16%. This rate includes infla-
tion hedge, The substantial interest rate of approximate 10% is considered excluding the
inflation hedge. The project can therefore be feasible for the national economy in Kenya,
if the economic internal rate of return is counted at more than 10%.

The premises for the calculation of internal rate of return are as follows:

— Project life span to be 30 years from the starting point of construction (1988) and 16
years after operating for full length of the project road.,
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— Residual value to be considered at the end of the project life

~ The benefit from regional development excluded from the project benefits (For reference
the case including this benefit is shown in Appendix I).

As a result the economic internal rate of return summarized in Table 10,10.1 and is shown in
Table 10.10.2 and 10.10.3, and Appendix J.

Table 10,10,1 ECONOMIC INTERNAL RATE OF RETURN
(FEconomic IRR)

lternative Bridge
Tunnel
Staging H=45M| H=55M | H=73.2M
Non-stage
. Construction 0.1025 0.0887 0.0585 0.0536
Staged
Construction 0.1190 0.1055 0.0690 0.0561

Note : IRR of bridge alternatives are estimeted for P.C main bridges.

From Table 10,10.1 the alternatives, P.C main bridge with 45 and 55 m navigation clearance,
are the most favorable with more than 10% IRR.

10.10.2 Sensitivity Analysis

As for the sensitivity analysis, generally the economic cost, benefit and project life span are
the major objectives to test the effects of future unknown factors and to examine the cer-
tainty of economic feasibility of the project.

For the case of 55 m clearance (P.C main bridge) these elements are set up against the initial
conditions and tested in their combinations as follows:

— 10% increase of the construction cost
— 10% decrease of the total benefit

— Longer life span of 235 years after the commencement of the project road operation for its
full width

These results are presented in Table 10.10.4. The value of IRR revealed quite reasonable
with around 10% except Case B, which is a rare case which occurred simultaneously.

As a result, among the selected alternatives, the case of navigation clearance 55 m and P.C
main bridge disclosed the most favarable result considering the actual harbour operation.
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Table 10,10,4 SENSITIVITY ANALYSIS (EIRR)

Case Cost +10% Benefit —10% %g?ilggtion +9 Years[ EIRR
A ) - - 0.098
B o o] . - 0.088
C - - s} 0.112
D ) - o 0.104

Note: “Q" means the euse conducted for sensitivity analysis.

10.11 Financial Study
10.11.1  Financing

About 80% of the project cost (foreign currency component) must be procured from foreign
financing agencies Using conditions; uniform annual interest rate of 4%, total redemption -
period of 30 years including a grace period of 10 years from the start of detailed design of
the project and annual even redemption amount (redemption + interest), the maximum
annual amortization amounts to 133.4 million shilling around 2013 as shown in Table
10.11.1.

- 10,112  Toll Bridge Accounting

The standard tollway covers the construction cost as well, but the toll road covering the
maintenance and operating cost prevails in Kenya.

The major subject in this kind of toll levy system is to determine the toll fare under the
favorable financial operation,

As for the reference the following premises are established for the case of 55 m clearance
(P.C main bridge).

(1) Toll rates by vehicle type are based on considering the scale of user benefit and
damage to the road as follows:

Car & Light : 1 Shs.
Small Buses : i
Big Buses 3
Medium Trucks 2
Big Trucks 3

(2) A 10% discount rate is applied for the calculation of financial B/C ratio as well as
accumulated surplus (dificit) and depreciation allowance.

(3) Project life span is assumed to be 30 years from 1991.
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Table 10.11.1 ANNUAL AMORTIZATION FOR FOREIGN
CURRENCY LOAN

{Unit: LOOOShs.1983PrMe,HnanGMFVaMe)

TOTAL TOTAL.

LOAN | LOAN RE- LOAN IAMORT 1 ZA~

YEAR |RESIDUAL | DEMPTION | INTEREST TIOM
1985 27461 0 0 o]
1986 54922 0 1099 1098
19a7 82383 0 2197 2197
1988 [ 36120t 0 3295 3295
1969 618299 0 14448 14448
1920 782476 o 24732 24732
1991 BBYS73 0 31299 31299
1992 889573 0 35583 35583
1993 889573 0 35583 35583
1394 889373 0 35583 35583
13995 888651 922 33583 36505
1986 B8E770 18981 35546 37427
1997 283891 2879 35471 38349
1999 1137297 12357 35356 47713
1999 14359308 21485 45492 66977
2000 1631173 27858 57436 85294
2001 1712471 325R9 B3247 97815
2002 1B78600 33871 58499 102370
2003 1643373 35226 B7144 102370
2004 1606738 36633 65735 102370
2005 1568637 38101 64270 LOZ2370
Z0086 1529012 39625 62745 102370
2007 1487802 41210 B11&0 102370
2008 143R019 51783 549512 111295
2009 1371415 54604 57441 122043
2010 1296735 74681 54857 129537
2011 1215243 81492 51869 133361
2012 1130491 84752 48610 133361
2013 1042350 88142 45220 133361
2014 950683 31667 41694 133361
2015 857369 33313 38027 131341
2016 762344 95025 34295 1293290
2017 665539 I6B06 30494 127293
Z018 SBeS377 80162 26622 106783
2019 520927 54451 23415 876865
2020 465979 54348 20837 75785
2021 416713 49266 18639 57905
2022 365476 51236 16669 679035
2023 312191 53286 14619 679305
2024 2056773 35417 12488 B7905
2025 1399139 57834 10271 879305
2025 139200 59939 7966 67905
2027 76863 62337 5568 67905
£028 31589 45275 3075 48350
2029 BOS6 23533 1264 24796
2030 0 8056 322 8379
2031 Q 0 ‘ Q O
2032 0 0] 0 0
2033 0 0 0 0
2034 QO 0 0 Q
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{(4) Construction cost of a tollgate is estimated in Chapter 8, and 420 thousand shilling
in 1991 and 600 thousand shilling in 2001 is invested.

The construction cost of toligate is repaid in fen years with the annual interest rate of 16%
and one year grace period, The life of tollgate is 30 years and the salvage value is nil,

(5) Maintenance and operation costs were estimated in Chapter 8 and are listed as
follow:

— For the project road

Up to 2001 3,205,000 Shs/Year
From 2002 6,797,000

— For the tollgate
Up to 2001 266,000 Shs/Year
From 2002 356,000

(6) Income taxis nil
(7}  The traffic demand will not decrease, aithough the toll fare is collected,

(8) The interest from the toll revenue and an accumulated surplus is reserved in the toll
road accounts,

As a result the financial B/C ratio disclosed the high rate of 1.49 as shown in Table 10.11.2.
The statement of profit and loss is presented in Table 10.11.3. From the statement the
following results are obtained:

— The stable surplus can be obtained from the beginning of operation (1992).
— The interest amount on accumulated surplus will exceed the toll revenue at around 2014,

The balance sheet is shown in Table 10.11.4. From this Table the emergency loan (short
term debt) is not required since the loan for the tollgate construction is repaid on schedule.
10.11.3 Tollway Financing

Tollway accounting covering the maintenance/operation cost of the project road was per-
formed in para. 10.11.2. The financing of the tollway covering the local portion of the pro-
ject cost as well, is estimated for the case of 55 m clearance (P.C main bridge).

The conditions for testing the financial opeation are as follows:

(1) Toll rates by vehicle type are set up to be considerably cheaper than the existing
ferry toll as follows:

Car & Light Truck : 5 Shs.
Small Bus : 5
Big Bus 40
Medium Truck . 20
Big Truck 140
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(2) The loan conditions are of 8% interest rate (long term) and 20 years amortization
period with 5 years grace period. The interest rate of 8% is also assumed for the interest
receivable from deposit and short term loans, These conditions are generally accepted by
the international financing agencies.

(3)  Other Conditions

The other conditions are described in para, 10,11.2. These are the construction cost of the
tollgates, maintenancefoperation costs, income tax, traffic demand and reserved interest
from toll revenue. The local portion of the project cost is estimated in Chapter 8,

As a result the financial performance of the toll road is quite good, disclosing a fianncial
IRR of 13.8% as shown in Table 10,11,5, The estimated profit and loss statement (Table
10.11.6) shows that a net profit will be obtained from the start of the toll road (year
1992) and accumulated deficit turn to accumulated surplus in 1996, The interest receiv-
able will surpass the interest payable in 2008 and also surpass the toll revenue in 2019,

The amortization schedule is presented in Table 10.11.7. The toll revenue mostly sur-
passes the total expenditure (amortization amount + maintenance/operation cost) through
the evaluation period. Up to 1995 some money shortage appears with a maximum of
57,824 thousand shilling in 1991 as shown in Table 10.11.8.

The results are quite good with a high economic return for the government. If the con-
ditions assumed here are changed in the future, the analysis will be made by others using
the new conditions.
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Table 10.11.7 AMORTIZATION SCHEDULE (H=55M, P.C BRIDGE)
Year Loan Total Loan Loan Total Haintenan- |Total
Residual |Redemption Interest pmortization|ce Cost Expenditure
1985 7300 0 o] 0 Q 0
1986 14600 o] 584 584 o] 584
1987 33549 4] 1168 1168 Q 1168
1908 108098 o] 2604 2684 0 2684
1589 173336 o] 8712 a7z 1] a7z
1990 214383 160 13367 14026 0 14026
1591 246872 332 17151 17492 o] 17482
1932 246099 72 19759 20522 3471 23993
1993 243619 2481 19668 22189 3471 25640
1994 239531 4087 19499 23577 3471 27048
- 1995 234216 89315 19462 24477 3471 T27948
1996 227155 6457 18737 25194 3471 28665
1997 240885 ©974 182321 25494 3471 28685
1998 307320 - 7532 19255 26788 3471 30257
1999 379373 B134 245896 32720 3471 36191
2000 426532 8785 30350 39135 3471 42605
2001 453838 9498 34123 43610 3471 47081
2002 443157 10682 36307 46989 71463 54142
2003 435000 13157 35453 48609 T153 55763
2004 414038 15982 34400 - 80362 7153 57515
2005 395577 18461 33123 ' 51584 7153 58737
2006 374835 20742 31646 52388 7153 59541
2007 352434 22401 29987 52388 . T153 59541
2008 32824) 24193 281895 52388 - 7153 59541
2009 302112 26129 26259 52388 7153 59541
2010 274636 27476 24169 51645 7153 58799
2011 245706 28930 21974 509014 7153 58054
2012 216392 29315 19657 49971 7153 56124
2013 192406 23983 17311 41297 7153 48450
2014 173063 19341 15393 34733 7183 41887
2013 156374 16691 13845 30536 7153 37650
2016 141690 14684 12510 27194 7153 34347
2017 125832 15858 11335 27194 | 7153 34347
2018 108705 17427 10067 27194 7153 34347
2019 90208 18497 BESE 27194 7183 34347
2020 70231 19977 7217 27194 7153 34347
2021 486356 21575 5618 27194 7153 34347
2022 27381 21274 3892 25187 7153 32320
2023 11958 15422 2190 17613 7153 247766
2024 3470 9489 957 9446 7153 16599
2025 0 3470 Z78 3748 7153 10901
2026 o] 0 [ 0 7153 T153
2027 0 4] Q ] 7153 7183
2028 0 o} o 0 7153 7153
2029 0 o 0 o) 7153 7153
2030 o} 0 ] o] 7153 7183
2031 Q Q o] o 7153 7153
2032 o] o] 0 0 7153 7153
2033 0 o] ] [o] 7183 7153
2034 0 0 0 0 7153 7153
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CHAPTER 11

Study Conducted

TOTAL EVALUATION

The study process conducted for this project is shown in Fig. 1.1.1 and the scope of work
attached in the Main Report. In the study the alternative studies were rather complicated

and to simplify the study process the work flow used is shown in Fig, 11.1.1.

6.3.4 6.3.6
Alternative Alternative
Alignment Access Study
_Study of on Mombasa
6.3.1 6.3.2 6.3.3 Bridge Crossing Island Chapter 7
Alternative—{ Future Trunk [ Comparative Preliminary
Crossing Road Route on Study of 6.3.5 6.3.7 Deslgn
Study Mombasga Istand Bridge (B,) - Alternative Alternative
andl Tunnet (T, ) Navigation Main Bridge
Clearance Study
Study
Note: The figures in the boxes indicate paragraph number in the Report,

Fig. 11.1.1 ALTERNATIVE STUDY PROCESS

The result of each alfernative study is described in the respective paragraph in chapter 6 and
is summarized as follows:

Future trunk road on Mombasa island has advantages if located on the Nairobi-Mombasa
Railway side of the city, which is the land use boundary between the Port and industrial
area and the residential area. The route has also advanteges on forming the future trunk
road network to Malindi and traffic distribution to local arterijes.

The comventional tunnel (T, ) is not selected due to poor soil condition (silty sand and
dense sand), tratfic service to the island, cost, environmental effects, etc.

The bridge crossing (B, ) through the narrowest channel portion of Kilindini Harbour is
selected dute to the merits of vehicle running cost, small environmental effect on coastal
resort and high class residences, etc.

The cable-stayed bridge with 830 m total length (93 -+92 + 460 + 92+ 93 m) is selected
as the main bridge due to the most suitable span ranges, aesthetic merits, cost, eic.

The project road has an advantage if constructed in two stages. Three access alternatives
are selected according to the navigation clearance. Considering the effects of traffic
distribution and road planning aspects, the lighest clearance (H = 73.2 m) accesses to
the intersection of Mbaraki and Nyerere Ave, on Mombasa islan« and the lower clearance
(H = 55 and 45 m) accesses Nyerere Ave. in Phase-I. In Phase-I all alternatives extend to
Mbaraki Road (the direction of future trunk road).

On the Likoni side all alternatives start from the intersection of Lunga Lunga Road (A-14)
and Mfongwe Road in Phase-l, and extend to the south in accordance with the Mombasa
transportation plan.
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11,2 Total Evaluation

The alternatives, immersed tube tunnel and bridge (P.C & Steel main bridge) are totally evalu-
ated from regional development, traffic distribution, navigation clearance, cost and economic
evaluation. The immersed tube tunnel (T,) was reviewed on the planning conditions (the
same conditions; traffic volume, pedestrian, efc, as of bridge alternative) and cost in Appen-
dix L

1

2)

3)

Regional Development

The regional development plan recommended that the South Mainland has the highest
priority for regional development, There are two key areas to be developed; Dongo
Kundu Area (including Mtongwe) and the coastal Area along the Indian Ocean.

Observing the route location of tunnel (T,, Lunga Lunga Road) and bridge (B,, 700 m
east of Lunga Lunga Road) alternatives, the tunnel route has marginally less effect on the
development of the coast belt, compared with the bridge route. The development effects
for the Dongo Kundu area of both routes are almost same due to the distance of 6 km
and 6.7 km to the area. -

Traffic Distribution

This is a more important subject for Mombasa island than for the South Mainland.
The bridge alternatives (navigation clearance H = 55 and 45 m) access to Nyerere Ave in
Phase-I (major traffic flow to CBD) and extend to Mbaraki Road in Phase-II. These road
plans are evaluated to give a quite reasonable traffic distribution.

The tunnel alternative (Immersed tube tunnel, T,) has a longer access than the bridge
alternative and the tunnel portal reaches Archbishop Makarios Road. This results in
less traffic service to CBD in Phase-l, and further the tunnel does not serve pedestrians
as well as the bridge.

Navigation Clearance

The navigation clearance of 73.2 m (240 feet) vertical clearance, 1,100 feet width and 45
feet depth was originally instructed for the ship’s passage in the Kilindini channal. For
the project feasibility purpose the lower clearance of 55 and 45 m are also studied.

The tunnel alternative is not affected by the required clearance. For the bridge alterna-
tives, the highest clearance (h = 73.2 m) has the best advantages for all conceivable pass-
ing vessels, 55 m clearance for commercial and passenger ships and the lowest of 45 m for
commetcial ships,



4) Cost

The project costs for construction including land acquisition and compensation engineer-
ing fee and contingency are estimated for all alternatives as shown in Table 11.2.1, The
maintenance and operating costs are also estimated as shown in Table 11.2.2,

Table 11.2.1 ALTERNATIVE PROJECT COSTS
(Unit: 1,000K.8hs.)

hase & Qurrency PhaseI Phase—II T
Alternatives 1.C F.C Sub-total LC F.C Sub-total otal
P.C Main Bridge

732 M 370,533 1,440,138 1,810,671 306,757 1,065,541 1,372,298 | 3,182,969

55 234,359 842,599 1,076,958 278,995 969,824 1,248,819 | 2,325,777

45 203,123 722,390 925,513 229,361 827,611 1,056,972 | 1,982,485
Steel Main Bridge

732 M 380,371 1,464,339 1,844,710 306,757 1,065,541 1,372,298 | 3,217,008

55 265,628 965,505 1,231,133 310,235 1,092,698 1,402,933 | 2,634,066

45 236,070 851,995 1,088,065 | 262,275 957,187 1,219,462 | 2,307,527
Tunnel '
(Flrx:;:;?isied'rube 607,684 2,179,936 2,787,620 | 521,510 2,086,040 2,607,550 | 5,395,170

Table 11.2.2 MAINTENANCE COSTS

{(Unit: 1,000 Sha, 1983 Price)

Phase—I Phase~II
Alternative Financial Cost | Economic Cost | Financial Cost | Economic Cost
73.2M PC. 3,452 3,176 8,272 7,610
o Steel 4,782 4,399 9,602 8,834
L5
BEL ssM P.C 3,205 2,949 6,797 6,253
G 8 Steel 4,275 3,933 8,937 8,222
@}
45M PC 3,085 2,838 6,186 5,691
Steel 4,154 3,822 8,326 7,660
Tunnel 10,500 9,660 16,000 14,720

Note: The conversion factor of 0.92 {SCF) to be used.

For both costs the tunnel is the highest among the alternatives, and the bridge alternative

of 45 m clearance is the lowest.

For the main bridge, P.C construction has the advantage of the lowest construction and

maintenance costs.
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5) Operation

6)

Observing the existing traffic conditions, vehicle maintenance and traffic rules are the

_basic requirement to realize safe and comfort of the traffic either on a bridge or tunnel.

Especialty. in the tunnel these aspects are essential to avoid the incidents leading to
serious damage to the structure and long stoppage of traffic.

To ensure the everyday operation of the tunnel, stable supply of electric power is another
essential aspect due to many facilities installed to the tunnel, since the bridge has less
problem in this respect, '

Economic Evaluation

With respect to the economic evaluation, the benefit — Cost analyses for the project were
carried out based on the implementation schedule and the cost estimate,

The benefits were calculated for the vehicle operating cost savings, the time cost savings
and the flow effect of the investment, But the benefit from the regional development was
not considered,

A total of 8 alternatives were evaluated for bridge and tunnel alternatives including phas-
ing and navigation clearance. The sensitivity analysis for the case of the 55 m clearance
and P.C main span, was conducted for economic cost, benefit and project life span.

Currently the general market interest rate in Kenya is around 16%. This rate includes an
inflation hedge. The substantial interest rate of approximately 10% is used excluding the
inflation hedge.

The evaluation results are presented in Table 11.2.3 and 11.2.4. According to Table
11.2.4, Case B is the outcome of calculation under un-imageable condition and if it is
put aside of consideration all other cases indicate approx, more than 10%. Because of
this the project may be regarded as feasible,

Fabla 11.2,3 ECONOMIC INTERNAL RATE OF RETURN

{Bconomic IRR)
i Bridge Clearance ’
Alternative 8 Tunnel
H=45M H=355M H=732M

Non-staged ' :
Construction 0.1025 0.0887 0.0585 0,0536
Staged
Construction 0.1190 0.1055 0.0600 0.0561

Note : IRR of bridge alternatives are estimated for the cases of P.C main bridge.

Table 11.2.4 SENSITIVITY ANALYSIS FOR 56 M
CLEARANCE, P.C MAIN BRIDGE

Case Cost +10% Benefit --10% E;’?i‘gg“"“ +9 Years EIRR
A o - - 0.098
B o} o - 0.088
c - - o 0.112
D 0 — o] 0.104

Note: “0" means the case conducted for sensitivity analysis.
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7)

Total Evaluation

Total 11 alternatives are evaluated based on the description made above as shown in
Table 11.2.5. The evaluation is made using A, B, C, D.

Table 11.26 TOTAL EVALUATION

Iternative Bridge Altefnative Im?:éied
Item H=73.2M H=55M H=45M Tunnel
1} Regiona! Development | A A A A
2) Traffic Distribution B A A Cc
3) Navigation Clearance A B C A
4) Cost C B A D
5) Operation c B A D
6) Economic Evaluation D B A D

Note:  Mark “A” is evaluated as the highest value, and “D™ the lowest,

As a result, the bridge alternative of 55 m or 45 m is evaluated to have a favourable aspect
on average.

On the other hand, within the concept of the bridge alternative, although PC bridge
alternative indicates lower cost slightly as compared with the steel bridge alternative
the difference between the two can not be regarded as decisive factor.

11.3 Recommendations

3

2)

3)

The cable stayed bridge with the navigation clearance of less than 55 m is technically
and economically feasible.

A toll levy system should be introduced considering the Government financial situations.
The toll rate should be determined by the Government.

The project is financially viable disclosing a financial IRR of 13.8% where the toll rate at
5 shilling/car and light goods vehicles per one way crossing, covering the maintenance and
operation costs and local currency portion of the project road.

The staged construction method for the number of traffic lanes is used for the project

road implementation, and is based on the evaluation of the investment cost and traffic
demand.
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4)

3)

The Project road forms part of the future international/national trunk road. In order to
enhance the regional activities through smooth traffic distribution, it is necessary to
construct the trunk road extension and its related local arteries, Among the related road
construction projects, some fly-overs on the trunk road including a missing link behind
Mombasa station and inner ring road are to be separately executed from the Project road.

The Phase-I Project has urgent objectives, with a scope for a 2-lane road 5.3 Km long,
including a 2.0 Km bridge. The Phase-II wiil be executed in accordance with the traffic
demand and the Project related road construction (the trunk road and Inner Ring Road,
ete.). '

11.4 Future Subjects

In this study there are two major subjects; the navigation clearance controlling the
future port function and the main bridge design involving high technical judgement.
These subjects remaine undetermined in this study but are indispensable pre-conditions
for the detailed design. Therefore these should be fully investigated prior to starting
detailed design.

1)  Subject for Navigation Clearance

In this study the navigation clearance of Kilindini Harbour was investigated to
some extent using the data on the future port prospects and on previous ship
visits, The clearance is a political Governmental matter and should be determined
from many complehensive aspects.

2) Considerations to the Main Bridge

The Cable Stayed Bridge proposed in this Study will be ranked as one of the
longest bridges in the world, which will involve high level of technology, con-
sequently in determining the type of material for the bridge (either PC or steel),
a further study should be carried out thoroughly on invididual structural chara-
cteristics, wind effects (based on the wind tunnel test), economy, reliability and
maintenance aspects.

On one hand, a question with regard to whether a staged construction method for
the main bridge should be employed or not, under normal circumstance, will
await determination that can be made on the basis of the economy as well as the
traffic demands envisaged, however, in case of this proposed main bridge having a
long span (particularly in case of steel structure), the matter will significantly
effect upon the structural characteristics and economy. Because of this, in deter-
mining the type of material for the main bridge (either PC or steel), it would be
necessary to re-evaluate the staged construction methaod.
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STUDY PARTICIPANTS

1) Ministry of Transport and Communications

Mr
Mr
Mr

© Nt R W —
=
]

[0 I S T R e
= S WV o N WA WD~ O W
SESEEEESEEEEE

2) Kenya

1. Mr
2. Mr

3) Kenya

N0 R =
=

. WP, WAMBURA
. J.K. KIRIKA

. SM. KIGURU

. S. ASFAW

. DM, MWASI

. G. WABUKE

. S.N. OTONGLO
. CM. KAMAU

. T. KAI

. T. KNOTTEN
. L. BLOM-BAKKE

. I M. WANYOIKE

. Y. MAEKAWA

. 0. MOKRID

. P.M. WAKORI
.M.E. AGALOCHIENG
. J.P. MURAGURI
.F.D. KARANJA
.PM. OJWAKA

. V.B. OCHIENG

', KLEM

Railways

. IKAMBA
.M. ARSHAD
Ports Authority

. B.A.O. ONGOLA

. A0, ROGO

. AP. BURNARD

. E.T. WAIYAKI

. A.C. MUMBA
. E.A. KARANGA
. AJ. KENTOYO

4) Mombasa Airport

1. Mr
2. Mr
3, Mr

.E.N., NYARANGI
.P.B. YATICHI
. 5. MAGALASIA

Permanent Secretary

Engineer-in-Chief

Chief Engineer (Roads & Aerodromes)
Chief Engineer (Planning)

Chief Executive Engineer

Chief Superintending Engineer (Construction)
Chief Superintending Engineer (Design)
Provincial Engineer, Coast Province
Senior Superintending Engineer (Bridges)
Senior Superintending Engineer (Bridges)
Senior Superintending Engineer (Bridges)
Senior Superintending Engineer (Design)
Superintending Engineer (Bridges)
Superintending Engineer (Design)
Superintending Engineer (Planning)

O/ic Traffic Engineering Unit

Assistant Engineer {Counterpart Staff) (Bridges)
Assistant Engineer (Planning)

Assistant Engineer (Bridges)

Assistant Engineer (Planning)

Material Branch

Traffic Section
District Civil Engineer

Chief Planning Officer

Chief Engineer

Chief Engineer (Special duties)
Secretary & Leagal Officer
Principal Planning Officer
Operations Manager

Senior Harbour Master

Airport Manager

Airport Assistant Manager
Senior Meteorological Officer
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5} Mombasa Municipality

1. Mr. P.C. PATEL

2. Mr. KIAYE

3. Mr. T, MBOGHOLIO
4. Mr. H. SINGH

6) Japanese Team
(1) Supervisory Committee

I. Mr.TAKESHI NAKAYAMA

2. Mr. TAKASHI MATSUURA

3. Mr. KAZUYA OHSHIMA

4. Mr. KOICHIRO KUMAGAI

5. Mr. KENJI MURAOKA

(2} Embassy of Japan

1. Mr. TAKAYOSHI HAGIO

(3) JICA

1. Mr, SUSUMU YANAI

2. Mr. TOSHIKAZU NAGASHIMA
3. Mr. TETSUO KOMATSUBARA
(4) Study Team

1. My, GIICHI KATAOQOKA

Mr, YOSHINOBU NOMURA
Mr. ISAMU GUNIJI

Mr. HIDEO ARIKAWA

Mr. YAICHI KOBAYASHI

Ui-hbd!\.)

Municipai Engineer
Chief Planner
Chief Evaluer
Road Engineer

Head of Mukaijima Construction Office
Honshu Shikoku Bridge Authority

Deputy Director of Construction Constructor
Division, Planning Bureauy (MOC)

Head of Foundation Engineering Division,
Public Works ResearchiInstitute (MOC)

Deputy Director of the Local Road Division
Road Bureau (MOC)

Deputy Head of the Tokyo Bay Crossing
Bridge and Tunnel Planning Section
Planning and Research Department

Japan Highway Public Corporation

First Secretary

President Representative of JICA,
Nairebi Office

Deputy President Representative of JICA,
Nairobi Office

Project Coordinator, JICA Tokyo

Team Leader
Pacific Consultants International (PCI)

Team Member, Traffic Planner, PCI
Team Member, Traffic Survey, PCI
Team Member, Traffic Analysis, PCI
Team Member, Economist, PCI
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2 LN,

. HIDEMOTO NOJIMA
. YASUHARU OHGA

. TAKEHARU OGIWARA
. KONJ1 OHI

. SHOSUKE ITO
. MASAO OHWADA

Team Member, Highway Engineer, PCI
Team Member, Bridge Engineer, PCI
Team Member, Structure Engineer, PCI
Team Member, Facility Engineer, PCI
Team Member, Scil Engineer, PCI
Team Member, Tunne! Engineer, PCI






MINJTZS OF DISCUSSJ.ONS BETwI=N MINISTRY OF TRANSPORT AND COMMUNICATIONS
STAFF AND JAPANESE PRELIMINARY SURVEY TEAM CONCIRNING THE PRGPOSED

KILIFT BRINGE AMD LIKONI CROSITRG Svr=i=s IN KENYA 7T a4
STUDJES
1. PrREAMDLE

i} The Japanese Government, on the request of Kenyvan Goverrment
dispatched a preliminary su.wey eam tg Kenya from October 3lst
to 12th November, 1982 thr-ough programma ar'-anand by Janan
International. Cooperation Agency (JICA); in order to carry out
preliminary survey for the planned,study of KILIFI BRIDGE and
LIXONL Croseing,

11) The team carried out fizld surveys and had a series of
discussions with the Xenyan Authorities concermed during their
stey in the cowitry.  The main items on'which understandings
ere reached by both sides were shown in the following paragraphs:

2. TTEMS COMCERNING THE SCOPE OF WORK:
i} Dreaft Scope of Work proposad by the Team was discussed in detail

and agreed upon as attached herewith..

ii) The Japanese Goverrment will dispatch two teams for the fMll
scale studies. One team is for KILIFT Br Tciga and the other one is
for LIKONL Cressing.

iii) Concerning article VI.3 of the attached scope of wark, offices
with =leph0'1° will be provided for each S‘uc:y Tzam in NATROBI and
m&ﬁ&% during the Teams' stay in Ker

iv}) The Kenyan Tezm asked the Jepansse Team to consider two
altematives for the Likoni Crossing feasibility study namsly;

a high level bridge with a clearance of 76.2m zbove high vater tide
| and a tunnzl. Both sides agreed upen this issue.

v) Kenyzn Team and Jepznese Te.::n azreed that as the s*xdy progresses
more attention will be fomcused on the azltermative which zppesrs 6

to be technically and finencially more feasible. D

3. TRAINING OF ENGINLZHS
On the request of the Kenyan Team the Japanese Team agresd te

- convey to the Japanese Authorities concerned to aszcept Kenyan

counterparts in Jezpan for training scholarships on related courses.
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4.. LIST OF PARTICIPENTS

Japanese Team

1.

3'

Mr.

Mr.

Mr.

m’l

Mr.

Takesni NAKAYAMA

Kotchiro KUMAGAL

Keniji ﬁ.mom 3
' P T g

Kimiaki YAMAGUCHT

Takayoshi HAGIO

Toshilezou NACASHIMG

Kenyan Team

1.
2. M
3'- Mr‘l

M, W.P.WAMSURA

S.N. OTONGLO

T. XNOTT=EN

4... Br. T. KAT
5. Mr.
5. ADOPTION OF MINUTES

5. ASFAW

Leader

Director of the Second Engineeri-
Division

First Enginesring. Depariment
Bonshu Shikoku Bridge Authority

Road Planner

Deputy Director of the Local
Rzad Division

Rozd Bureau

Ministry of Constriction

Bridze Plamer
Deputy Head of the Tokyo Crossing

. Bridge & Tunel Planning Ssction

Plamning & Research Departmant
Japari Highway Public Carporaticn

Coardinator .
Japan International Cooperziion
Agency (JICA}

First Secretary of Japanese
Imbassy

Danuty Rasident RepresentaZve
JICA NATROBI OFrICE

Chief Engineer (Roads and Aerodre:

Chief Superintending Engineer
(Design)
Senior Superintending Engineer

(Bridges)

Senior Superintending Enginesr
(Bridges)
Cnief Engineer (Planning)

e mimutes were reviewed thoroughly aftsr wiiich they were. zdop! red
s reflecting the true record of the understandings reached by both sidss.

jwalé‘

"'--bnu.

T LR

PAKESHL NAKAYAMA
Leader of Japanese
Preliminary Survey Team

pate. AMAV. 1,

-------

i
o a»
P e Ha D URSE®EE . Batsmamg==seTy - » »

W.P. WAMBURA
Chief Engineer (Roads: and Aerodrer
Ministry of Transport& Commmicati

Republic of Kenya.
. Date...New. . ML ....!.ﬁ. 3. .

____..——.—--



SCOPE OF WORK
FOR
THE FEASIBILITY STUDY ON
PROPOSED KILIFI BRIDGE & LIKONI CROSSIN
CONSTRUCTION PROJECT
IN
THE REPUBLIC OF KENYA

AGREED UPON
BETWEEN

MINISTRY OF TRANSPORT AND COMMUNTICATIONS

AND
JAPAN INTERNATICNAL COOPEZRATION. AGENCY

DATID : NOVEMBER 1982

3.J. M3UGUA TAKESHI HAKAYA: .
FLRUANENT SECRETARY LEADER OF THE PRELIMINARY
FRISTRY OF TRAWSPORT & COMMS. STUDY TEAHM

.0. BOX 52892

L1R031

o= a2
h

|

COUNTERSIGNED

PERMANENT SECRETARY
MINISTRY OF FIRANCE
TREASURY '
NAIRCBI
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I. INTRODUCTION

In response to the request of the Government of the Republic
_of Kenya, the Government of Japam has decided to conductlfeasibi1ity
studies ¢n the KILIFI BRIDGE AND LIKONI.CROSSING CONSTRUCTION ?ROJECTS
(hereinafier referred to as “the Studizs"), in accordance with laws -and
regulations in force in Japan and Kenya. The Japan International
Coopsration Agency (hereinaftzr referred to as "JICA“) the official
agency responsible for the impTementation of the techmical cooperation
programs of the Government of Japan, will carry out the Studies in
close cooperation with the Ministry of Transport and Communications

(hereinafter referred to as MOTC) of the Republic of Kenya.

This Scope of Work was set forth in accordance with the results
of the JICA’s preliminary studies on the captioned projects in November

1982.

II. QOBJECTIVE

The objective of the Studies are

To carry.out Teasibility studies for the construction of
KILIFT BRIDGE and LIKONI CROSSING including their approaches and

connecting roads.

ITI. SCOPE OF THE STURIES

In order to achieve the above objective the JICA will carry

-out following studies taking alternatives into consideration.

1. Traffic and Socio-Economic Studies
(a) Traffic data collection, traffic survey and analysis

(b) Socio-economic data. collection and analysis
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2.

(c) Review of population and socio-economic conditions

(d) Forecast of future traffic demand

Engineering Studies
(a) Topographic map tollection
{b) Engineering data collection and analysis
b-1 soi1.and geo]ogica]idata
b-2 hydrological and hydrographic data
' b-3 materials data
b-4 meteorological data
(c) Surveying
c-1 soil and geological surveying including drilling & testing.
c-2 Hydrographic-surveying (cross-sectional surveying, etc.)
(d) Design criteria
d-1 geometric design standards
d-2 ' structural design standards
(e} Ingineering works
e~1 design works
e~2 quantity estimation
(f) Construction Program
f-1 construction method
f-2 construction schedule
(g) Cost estimates
g-1 right-of-way aquisition cost
g-2 construction cost
g~-3 maintenance cost
Economic Evaluation
(a) Estimates of benefit
(b) Estimates of NPV, IRR, and B/C

(c) Sensitivity analysis



4. Budgetal and Financial Studies

Impiementation Program

o
.

An implementation program will be prepared based on
the construction program and the study of budgetal

and financial aspect.

J¥. STUDY SCHEDULE

The survey will be conducted according ta the tantative

schedule attached heresto as Appendix I, II.

1. REPORTS
JICA will prepare z..d submit to the Government of Kenya the
following reports in English.
1. Inception Report (30 copies)
within one month after the outset of the study 1n.Kenya

Progress Report {28 capies) every three monihs durning

ny

course af the study in Kenya
3. Interim Report (30 copies) at the end of the study in Kenya
4, Draft Final Report (30 copies)
' within four months after presentation of Interim Report
5. Final Report (100 copies)
within two months aftiar receiving comments by. the

Governmznt of Kenya on the said Draft Final Report.

Vi. UNDEZRTAKINARS BY THE GQVERNMENT 0OF KENYA

1. To furnish the Study Team with available relevant data,
information, mdterials and conveniences of availing data

proueésing devices for execution of the Studies.



To exempt the Study Team from any taxation or duty on-the
income and any other emoluments as wall as equipment, materials
and .personal effects which are to be brought into Kenya in

connection with the Studies.

To provide the Study Team with appropriate office space, office
equipment and clerical services for the Studies.

To appoint counterpart personnel for exacution of the Studies

wall as evfective transfer of expertise.

To secure the security of the Study Team when and as it is required.
To assist the Study Team in securing other facilities and
conveniences which are deemed necessary for the accomplishment

of the Studies.

To provide identification card to the members of the Japanese

Study Team for the execution of their activities.

I. UNDERTAKINGS OF THE GOVERNMENT OF JAPAN

1.

To delegate a full-scale Study Team to Kenya ta conduct

the Studies- and to bear all expenses for the Studies.

To bear travel expenses and fares between Japan and Kenya

and those necessary for moving in Kenya as well as charges of
accormwmodation and Tiving expenditure for the members of the
Study Team.

To bear expenses necaessary for the telecommunicatiaons between
Japan and Kenya which stem from the Studies.

To fransfer to Kenya counterpart personnel the technology and
expertise related to the Studies.

Ta provide the Study Team with transport (vehicles & drivers).
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