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FINAL REFORT SUPFORTING REFORT
L : PRELIMINARY COST ESTIMES

1 UNIT CONSTRUCTION PRICES

A review of current construction prices in Kenya has been conducted, based on a
combination of recent tender rates for the construction of similar works, and suppliers

quotations for materials.

The unit rates derived from this review arc given in Table L-1. These rates have been used
to make a preliminary estimate of construction costs for the works identilied under this
Master Plan phase of the study. The table also provides “all in” costs for concrete, pipeline
construction using different materials and estimates for the costs of standard reservoir

sizes.

Preliminary and gencral items have not been included in the unit rates, as these will
generally differ between different locations, and for different types of construction

contracts. These have therefore been cstimated separately for each scheme.
The base date for the costs is October 96, with an exchange rate of 1 US$ = 56 Kshs.
2 CONSTRUCTION COST ESTIMATES

Quantitics have been taken off for cach of the proposed schemes, and bills of quantities
priccd using the above unit construction prices, to prepare preliminary cost estimates of the
proposals 1o meet the 2010 water demand requirements. Preliminary bills of quantities are
included on the cost estimate sheets attached to this Appendix, with a separate breakdown
for cach treatment works. The treatment plant quantitics are given for full treatment in
cach case, regardless of level of treatment proposed, so that the impact of changing the
level of treatment, on costs, can be readily estimated. The costs of the proposed level of

treatment only however, has been carried forward to the scheme estimates.

The resultant cstimates arc summarised on Table L-2. This indicates that the cost per
capita averages at about US § 62 per capita, with 70% of the costs incurred during the
initial phase, 20% during the second phase and 10% spread evenly over the design horizon

for the construction of annual extensions to the distribution system.

The main costs are related to the transmission and distribution systems, followed by

treatment, the costs of raw water pipelines and storage.

The electrical and mechanical components of the schemes represent less than 5% of the
total, due to the conc&:piual basis of the designs to reduce operation and maintenance costs

to a minimum.
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3 RECURRENT COSTS

(1) Operation and Maintenance

Historic levels of operation and maintenance costs have generally been low.
However, to safeguard investments so that they continue to provide a reliable service
for their expected lifetimes, it is advisable to budget tor higher levels of maintenance
costs. The 1986 Design Manual suggests guidelines for annual maintenance budgets
which are in reasonable agreement with figures used in other developing countries.
These are based on a percentage of the investment costs, which can be simplified to

the following categories:

Assct Annual maintenance cost
as % of investmient costs

Civil works 1%

Pipelines 1%

Electrical & Mechanical works 5%

The actual maintenance costs will tend to increase as the assets become older.
However, the above rates represent a reasonable average to be expected over the

assel lifetime, and have theretore been applied to the investment costs to arrive at the

annual mairtenance cost ol assets.
(2) Economic Life

All assets have an economic lifetime, after which it is no longer considered economic

Lo maintain them. The 1986 Design Manual provides the following guidance:

Assct Economic Lifetime
Years

Civil works 30

Pipelines 30

Electrical & Mechanical works

(assuming clectrical power) 10

These economic lifetimes are again similar to those used in other developing
countries, although they are much lower than those currently used in most developed
countrics. This is probably due to the harsher conditions in developing countries,

and the higher levels of training and commercialisation in developed countrics.

=
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(4} Power Costs

Power costs are not generally very significant for the proposed scheincs, due to the
fact that they are all designed for gravity flow. Power however will be required for
treatment plant site lighting and for backwashing. The annual costs have been
calculated using the Kenya Power and Lighting Tarift Method B1, (Oct 1996) lor
supplics metered at a pressure of 240 volts single phase, or 415 volts three phasc as

follows:
1) afixed charge of Shs 500 per month
2)  unit consumption charge of Shs 4.40 per unit
3)  Shs 250 per month per KVA of demand.

(5) Stafling Costs

Staffing requirements have been estimated for each treatment plant and distribution
system. Staffing includes for local management, meter reading, billing and collection
for cach individual scheme, but does not include Ministry overheads at District and

National headquarters. The annual projections are shown, using similar salary scales

as currently applicable for Government statf, in the individual scheme cost estimate

sheets attached to this appendix.
(6) Chemical Costs

Chemical costs have been estimated using current unit costs for supply of chemicals,
as quoted by suppliers, and using dosage rates appropriaie to the raw water quality
for each scheme. The cost per m3 of treated waier range from Shs 0.7 per m3 for
chlorination alone, io Shs 1.3 per m3 when Aluminium sulphate (Alum} is added at a
dosage rate of 20 mg/l. The annual cost ol chemicals for cach scheme is given in the

cosi estimate sheets for the individual schemes.
(7) Transport

The cost of some basic transport has also been included jn the annual projections.
Replacement of vehicles has been assumed to be every 5 years, and an operation and

maintenance budget amounting to 20% of vehicle costs per annum has been allowed.
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Table L-1 Unit Construction Prices

Exchange rate................. ,,,,,,,,,,,,,,,,,,, Us §= [ 586)Shs

Preliminaries and General Items are NOT included within the following rates

General ltams Unit Rate Shs
General excavation in normal material not exceeding 3.0m depth.................... .jm3 350
EO fOr 1ocK. ..o Im3 1,500
Earthworks for dams - Soft. .o i e m3 175
Earthworks for dams - Rock Am3 1,000
Earthfill for dams..... m3 310
Fittor/drainage materia for damME ... e et e m3 1,550
Rip rep material oT QaIMS ........ocooiee e cecmme s e renm e smes e on e nsrnpe e T3 1,630
Concrete Class 25 ... m3 8,000
Concrete Class 30 ... e .jm3 12,000
Mass CONCIETE TOT BIMIS L. i eeee e e ee s s et b e s e b e s s s e e s s mr e e s m3 4,000
ReinTorCemenil ..o e rrr ettt i e e ite e aaes aoseeseoasna s tonne 65,000
Formwork F1 ... ..|m2 475
Formwork ¥2 ... ~|mz2 750
Blockwork walling ....ccoor e ..|m2 1,200
“All in" cost for reinforeed concrete ... R e e eeE st iaie eebeeineeeienas m3 20,175

Pipswark

Assumptions Type of pipe.. uPVvVC Steel ull
Manufacturers discouni...................... 10% 0% 0%
Tax and duties .......... 15% 5% 15%
Transport and handling 15% 15% 20%
Waslage 5% 1% 1%

Pipe trench width .......
Ayerage trench depih.

700 mm + nominal dia.
1200 mm + nominal dia.

AVEFAge roCK @XCVAHOI ...oetei et e e e e . 10%
Valves & specials - Add to "All in" pipe costs 15%
uFVC Pipelines Materials delivered o site “All in" pipe costs
Trench| Lay, joint uPvC uPvC uPvVC uPvVC uPvGC uPvC uPve uPvC
Dia Excav'n etc 6 bar 9 bar 12 bar 15 bar 6 bar g bar 12 bar 15 bar
mm Shsfm Shsfm Shsfm Shs/m shs/m Shs/m Shsfm Shsfm Shs/m Shsfm
63 482 40 75 125 155 200 597 647 877 722
ac 510 60 187 242 208 365 757 812 868 935
110 5 60 252 362 442 562 843 953 1033 1153
160 585 10¢ 506 747 943 1155 1191 1432 1628 1840
225 659 140 f000 1380 1825 2104 1799 2179 2624 2903
280 725 180 1450 2125 2504 az262 2355 3030 3409 41687
315 769 200 1837 2660 3374 4124 2806 3629 4343 5093
400 880 280 3074 4374 4234 5534
Steel and DI Pipelines Materials delivered to site “All in” pipe cosis
- Trench} Lay, joint Steel 3]} Steel ™
Excav'n etc
Shs/m Shsjim Shsim Shs/m Shs/m Shs/m
da
80 499 70 1235 1804
100 520 20 1115 1518 1725 2128
150 574 140 2049 2285 2763 2899
200 830 200 3154 3080 3984 3910
250 689 260 4408 4073 5357 5022
300 750 320 5794 5166 6864 6236
330 814 380 730 6386 8495 7580
400 880 450 8821 7663 102513 8993
450 949 510 10036 2097 11485 10556
500 1020 580 11152 12752
Reservoirs
Capacily (in3) &0 100 150 200 230 300 400 500 750
“Allin® costs 550,000 | 780,000 1 940,000 1,070,000 | 1,290,000 | 1,520,600 | 1,940,000 [ 2,350,000 ; 3,360,000
Costim3 11,000 7,800 6,267 5,350 5.160 5.067 4,850 4,700 4,480
Boreholes Unit rale quantity Arnount
Basic cosis 10r 50 m deep BoreRNolB. ... cov.voev e eerie e e | UM SUM 87,500 1 87,500
Additional costs for deeper boreholes...... ..m 875 50 43,750
PUITIP 18510 c1oeie it e imesentreemr e immeen et s ey o e e s LS 37340 1 37,340
| Total COSIS ..o i i eeeiiaes 168,590
Land costs
|Varies depending upon location, but without addilional information lake ..o irermreerri ey 200000 Shsfha |
Pumps Flow(l/s) Head (m} Efficiency W Estimated costs Shs x 1,000
Civil COSIS e e .. {lfs) {m) {effy) {Ifs) x ({102 x (effy} 400 x KW".675
E&M coslts ... (18] {m) {effy) {I/s) x {m)/{£02 x [effy) 360 x KW~ 6
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Table L-2 Summary of Investment and Operational Cost

Scheme Investment Cost US$ x 1,000
Meru  Nkubu  Isiolo  Chuka Choporia Maua  Tigania Totals

Rchabilitation 179 18 61 22 49 16 345
Intake 175 37 29 318 184 4 135 882
Raw Water Pipeline 1,139 93 466 697 331 20 191 2,937
Treatment Plarnd 1.542 551 312 337 284 552 294 3872
Storage 960 92 111 200 96 59 95 1,613
Transmission 2,938 230 688 383 701 149 1,260 6,349
Ancillarics 1,733 255 417 489 411 200 494 3,999
Preliminaries 1,300 191 213 367 309 150 370 3.000
Total Phase 1 9,963 1,467 2,3% 2814 27365 1,150 2,839 22,894
Borcholes 133 133
Treatment Plam 1.165 274 237 197 207 2,080
Storage 537 92 102 55 42 59 87 974
Transmission 963 105 76 105 44 81 1,374
Ancillaries 666 91 85 92 86 26 94 1.140
Preliminaries 500 69 64 69 65 19 70 856
Total Phase 2 3.830 526 489 529 495 147 540 6.556
Additional Distribution 1,158 55 199 489 200 55 384 2,540
TOTAL 14,951 2,048 3,084 3,832 3,060 1,362 3,763 32,080
Suppty Area Dctails

Design Population 251,668 15,611 43,648 64433 44376 13,344 83,121 516,201
Design Demand (in3/day) 22,725 1915 6,372 4403 2,886 1,496 3,778 43,575
Supply Arca (kmZ2) 185 4 45 88 58 5 92 477
Cost/capta (US$/capita) 59 117 71 59 69 101 45 521
Cost/m3/day(US$?m3/day) 658 955 - 484 870 1.060 206 996 731
Average Incremental Cosis at 9% 0
Investment Costs (US$/m3) 0 0 0 i 1 0
Annual Costs (US3/m3) 0 0 0 0 0 0 0
Total Costs (US$/m3) 1 1 1 1 1 1
Total Costs (Shs/m3) . 30 30 35 34 43 39 39 36

(1 US$= 56 Shs)

L-5
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Table L.-3 Cost Estimates Meru Water Supply

investment cosls {Exchasge fate. v e YUS S = 56]KShs Phase 1 e pereresseen e aresss 1928 Phase 2 .. B003] 4-0cr97)
Description Urit Rate Civi! E&M  [Pipes Civi E&M Bipes |
Elernent dia {mm Size Uuss QuaNliy]US 5 x 1.004US §x 1 61US § % 1,050 Quantity|Us § x 1,64US §$x 1.0¢US §x 1.000
Renabiiaon Fern 7.9 179 142.9
Intake item 174.5
Raw pipeline £00 rarn dia steel pipe m 227.714 § 5000 1.138.6
Treatrmenl 10,060 m3fd capacity plant nr 1,541,589 ] 1.310.4 3 231.2
10,000 m3/d expansion nr 1,184,536 10| 9899 174.7
Reservalre 750 M3 reservoir nr 60.000 12 720.0 60| 3600
40D m3 reservoir fir 34,643 1 36 1.0 4.6
300 m3 raservoir nr 27,143 1 271 1.0 271
250 M3 reservolr nr 23,036 4 o2 2.0 463
20¢ m3reservolr nr 19,107 2 3.2 20 8.2
150 m3 reservoir ar 16.786 2 935 10 16.8
100 ma3ygeservoir nr 13.929 L 13.9 1.0 13.9
Transraission 400  mm dia uPVG (8 ba) m 938214 3,800 3755 -
315 mm diauPVC {12 bar} m 77.554 [ 15300 11866 -
280 mm diauPVC (12 ban) m B0.675 | 3.000 182.6 1 2,800 1705
225 mire dia LPVC (12 bar) m 45,357 {10,000 488.6 { 9.000 4217
180 nn dia uPVC {12 ban) m 28,982 125,000 7246 112800 371.0
Arcillariesfcontingercies 25% 6156 £23 1,054.8 3a1.7 43.7 240.8
Prefiminxles | 155 461.7 46.7 N 286.2 32.8 180.6
Tolal 3,530.8 | 358.% 6,065.2 21945 2511 | 1.384.5
Total phased cosis | T —— 98629 | Phase 2 ... I 3,530.2
Apntial cosia
Annual 110 mm da uPVC (32 bar} m 15446 { 5000 55 { 3,000 55
distributlon o0 ¢ dia WPVC {12 bar) m 16500 | 2,060 31| 2.000 A
pipes 63 mm dia uPVC {12 bar) m 12.089 | 3.000 36} 2,000 24
1ot 123 111
Transport Requiremantis USEx1,000 1598 2003
Salcon car nir 119 1 14 1 18
4W0 vehicle ny 625 1 63 i 63
Pickup ne 254 2 43 3 64
Loy nr 107.1 2 214 2 214
Transpo Cril EaM [Ppes |
Annual O&M costs as % of Investments 20% 1.00% | 4.00% 1.00%
Economic life S 30 10 30
Power 1098 Fixed | Variable T 200a)Fled  |Varigble
Power tarst {Oct 1996) ] Power Reauirements. . ..o e 20 20 1 | 20! 20
Unit energy €osl .. Uss/unit | 0.0785714
Fixed charge per monliz . JUsimeith | 7.8571429]
KA demand charga ........ uss'month | 4.4642857
Human resources RateAr 1998 2
1iSsx1.000 [TWks 1] TWks2 _ [Disl'n__|USSx1,000]TWhs 1 [TWks2 |Dist'n US8x1,000
Engineer 1 Shsir 386 1 EXS 1 3.86
Engineer il Shisfyr a2 2 6.43 2 5.43
Inspector Shair 238 2 3 1179 2 2 3 16.50
Senior Operator Shspr 1.29 2 4 771 2 2 5 11.57
Operator Shzhr 096 2 2 5 8.62 2 2 5 868
WalchmaniLine palrelman/Clerks Ehshyr 0.84 2 2 20 18.07 3 3 29 2250
Shshyr 54.54 69.54
Chemical costs USERg 1633 Dosage {mar} Costim2| 2002 Dosage {mgi) Cosl/m3
Alum .45 Y 0.000 10 0.034
Chlorine £.25 2 0.013 2 0.013]
|Soda ssh 0.25 0 0.000) o 0.006
Total chemical cost par M3....e oo e neoaeaoteseaeesameReasastitimcEeEesferateniCiiirETeissireiiziiiiiins 0.013 0.017
Increm- {Irvesiment Schedule
Year |PopulatioiiWater |Population{Water ertal Treatrnent Pipas Transpo Total DAM  1Power Labour {TranspolChemlca Tolal Totsl
DemandCoverage |Supplied (supply  [Civil E&M investmen|Costs  |Cosis Recurrent: Costs
m3/d &3 i mard|uss « 1.000 | Uzt x1.000|Uss <1000 ussx 1 0juss x 1 000 USE X 1,6§USE X ) VOO0 JUSE X 1 CYUSE X 1.GRUSE X 1 DQLES X ¢ 000 USS x 1.000]
1996
1£07| 165.280 | 19,302 IN% 3.472 -
1203 171,606 11,2189 28% 3.i72 - 3.540 258 6,055 339 10,300 - - 10,300
1993 177,657 | 12481 0% 6030 | 2918 323 123 12 15 a5 =] 13 2062 385
20004 183,527 113,188 55% 72531 4,081 123 123 113 18 55 68 19 269 392
2001 189.554 {13,974 6¢le 8,354 5212 123 123 114 16 55 63 24 278 399
2002 195741 (14794 E5% 9615 6444 123 123 115 17 58 &8 29 284 &Y5
20038| 202,004 115640 70% 10,954 1,782 2,185 251 1.385 259 4,169 161 ig 70 72 % 355 4,545
20047 208,618 {16541 75% 12,408 9,234 11% 111 162 13 70 72 57 378 459
2005| 216316 | 17470 20%1 13976 | 10,803 1 111 1683 19 F{%} 72 67 390 o
2006 222,159 | 18,438 85% 15,613 | 12,501 111 111 64 20 70 72 7T 403 N3
2007 229,268 | 19,447 9% 17,502 § 14,320 111 1H 166 21 7o T2 &9 46 527
2008| 236,531 120,496 95% 19,471 | 16.289 358 i a8 g28 181 21 Fi] 72 101 445 1,272
2000| 243,956 | 21,589 agel 21,049 | 17,877 111 111 182 22 70 72 i 455 567
20i10| 251.668 | 22,725 105% 22.125 | 18553 11 111 183 23 Fitl 2 121 458 579
a1t 251,668 | 22,725 100% | 22,725 19,553 111 i 124 23 0 72 12t 370 550
2012| 251.688 | 22,725 100 22,725 | 19.553% 11 111 185 23 70 iz 121 471 581
2013] 251868 | 22,725 1005t 22,725 | 19553 251 i 359 721 197 23 70 72 2 452 1.202
o014| 251,668 (22,725 100%| 22726 19,853 1M i1 198 23 Ta 72 i21 483 583
2015f 251,663 |22.725 1005 €2.7251 19.553 11% 111 199 23 70 72 121 424 565
2016| 251.668 |22,725 100%] 22,725 | 19.553 111 1m 200 23 70 72 121 495 558
2017| 251.663 | 22,725 Wwoes] 22,725 | 19553 | -{1.298) -(222) {770) -(72) (822} 186 23 70 e fHa 471 -{351)
Note: Residual values In (brackets)
Net Present values M x 3600 LS5 x | 0I0 USH % 1 064 USS <1600
15% 16.435 . 11,508 1,895 132,403
2% 22,164 12232 2377 14509
9% 30,650 13.090 3.056 16.147
&% 43,589 14,123 4,030 | 18,162
Average incremental costs {Shs/m3) USa/ma O E RIS
15% 670 0.12 .82
12% 0.55 0.11 0.65
12% 0,43 0,10 063
&% 0.32 0.0% 0.42




Table L-4 Cost Estimates Nkubu Water Supply

Investmont coets {Exchange rate., . tUSS= 56K Shs Phase 1 1592]Phase 2 .. 2003 3oayr
Description Unit Rata Civil FaM Pipes Civl E&M Pipes
Element dia {[mm Size UsS s Quantitdus s x 1.000fUS $ « 1,00{US § x 1,000 JQuantity [US $ x 1,600 |us $x 1,00us $ 2 5.009
Rehavilitatior: Jitem 18 18 4.3
ntake © fitem 370
Raw plpelina 150 mm dia steat pipe m 49339 F 1,010 50.0
200 mm dla stee pipe m 71,143 600 4.7
Trealment 1,000 m3/d capacity plan} n 551,411 1 408.7 §2.7
1.000 m3/d expansion nr 273,464 1.0 232.4 41.0
Reservoils 500 ma3 resarvoir nr 41,064 1 2.8 1.0 42.0
400 m3 rosemvolr ni 34,643 - -
300 m3 reservolr nr 27.143 1 271 -
250 m3 reseroir nr 23.026 1 236 -
200 m3 rasenoir nr 19,107 ) - -
150 m3 reservoir nr 16.786 - -
100 m3 resemolir nr 13,929 - -
Transmisslon 400 mm dig uPVC {9 bar) m 98.821 - -
35 mmdla WPVT (12 ban m 77554 - . -
280 mm dia uPVC {12 bar) m 60.875 -
225 mm dia uPVC {12 ban) m 46857 | 1.300 60.9
160 mm dia UPVC (12 bar) m 28.952 1 2,300 66.7 -
Ancillaries/conlingencies 25% 149.9 211 £8.6 £8.6 10.3 -
Prcliminaries | 15% 112.4 15.6 44.0 51.5 7.7 -
Total 862.0 121.5 337.3 3025 59.0 -
Tolal phased costs FPhase o 1.520.6 | PHase 2 e 453.4
Arcnual coste
Annaal 10 mm dia UPVC (12 ban m 18.445 - -
dlatrlbution 90 mm dia uPVC (12 bar) m 15.500 200 3.1 200 3.1
plpes 63 mm dia uPVC (12 ban) m 12.089 200 2.4 200 2.4
Talal 55 5.5
Transport Roqulrements 55,000 1698 2003
Saleon car nr 179 0 - 0 -
AW D vehicle nr 625 0 - 0 -
Pickup nr 2t.4 k] 21.4 1 - 21.4
Lorry i 1071 0 - 0 -
Transpo] Civil E&RA _ [Piges
Annus! D&M conts ar % of Invesinents 20% 1.66%] 4.00% 1.00%
Economic IHe 5 30 10 ac
Powor 1538|Flyed Varisble | gq_gg*lflxed [Wariabte
Power lariff (Oct 1056) 1 Powiar Requirements. ..o oo ioees sz coeees 10 10 | 10 | 10
L8 T Y TV UESfunit | 0.0785714
Fixed charge par month . usSimentn | 7.8571429
kVA demand charga ..o USSarorth | A.4GAZBST
Hurnan reecurcos Rateiyr _ioge 2043
= USSxt.0u0 FTWhs 1{TWks2 _ |Dist'n US3x,000| TWks 1 |TWhs2 Dist’n _ |US8x1.000
Engineer 1 Shsyr 3.89 0 - 1 386
Enginzer Il Shsiyr 3.21 1 321 1 321
Ins pectar Shsfyr 2.35 2 2 9.43 2 2 9.4
Senior Operater Shsfyr 1.29 2 2 514 2 3 6.43
Operator Shsfyt 0.98 2 5 6.75 2 5 6.75
Watchman/Line patrolman/Clerks Shisiyr 0.64 3 8 107 3 : 7.7
Shisfyr 31.461 36.75
Chamical costs USshg 1888 Dosage (mgr) Cost/m3 2003 Dosage {mgd) Cosi/m3
Ajum 0.45 0 0.000 20 0.509
Chlorina 6.25 2 0.012 2 Q.013
Soda ash 0.25 0 0.00%: 5] 0.001
Tatal chernical Cost Per M3, L et e et R 0.013 0.023
increm- | Investment Scheduie
Year |PeopulatioifWater |Population Waler enlal Trealment Fipes Transpa| Total O&M Fower Labour |Trarspod |Chemical Tolal Total
DemandGCoverage [Supplied {supply |Civil gam Irvastmen| Costs Costs Recurrert] Costs
m3fc % mid N3/ |USE x 1.000 |USS x 1.000 USS x 1000 |USS x 1.00LES x 1.000 |USS x 1.000USS £ 1.000 JUSS x 1.004US3 x 1,000 [uss x 1.0aduss x 1 000 juss x 1.000
1996
1897 9,471 940 - -
1998 9,853 | 1,004 - - £62.0 121.8 3371 214 1.342.0 - - 1,342.0
1859 10,246 | 1,011 0% S35 535 5.5 5.5 16.9 7.8 31.6 4.3 2.4 63.0 685
20007  10.648 | 1,142 55% 528 628 85 5.5 7.0 8.0 31.6 4.3 2.9 63.7 89.3
2001 11,054 | 1,204 60% 7ez 7i2 5.5 5.5 17.0 8.3 31.6 4.3 3.3 64.5 70.0
2002 13,497 | 1,270 §5% 825 825 5.5 55 i7.t 5.6 31.6 4.3 3.8 65.3 70.8
2003F 11,946 [ 1,328 70% 937 937 45 59.0 - 21.4 474.9 23.4 8.9 3568 4.3 4.3 77.5 552.4
20045 12412 1 1,410 75% 1,057 1,057 5.5 5.5 234 9.2 36.8 43 8.8 82.4 8r.e
20057 12,896 | 1,485 80% 1,188 1,188 5.5 5.5 235 9.5 36.8 a3 9.8 §3.9 824
2006 13,398 | 1,563 85% 1329 1.329 55 5.5 235 9.9 36.8 4.3 11.0 855 1.0
2007 13,920 | 1,646 0% §.481 1,481 5.5 £5 23.6 10.3 36.8 a3 12.3 87.2 2.7
200810 14462 | 1.731 95% 1.645 1,645 121.5 55 24%.4 148.4 28.5 10.8 26.8 1.3 136 939 242.3
2009 15,025 | 1,827 95% 1776 1776 6.5 55 28.6 111 358 43 14.7 95.4 100,82
2010 15,613 1915 160% 1915 t.915 556 55 28.6 11.5 38.6 4.3 15.9 97.0 2.5
201y 15,611 | 1,955 106% 1,915 s 5.5 55 28.7 11.5 368 43 15.9 971 1626
2012t 15611 | 1.9t5 100% 1,915 1815 5.9 55 28.7 s 26.8 43 15.9 97.1 102.6
20135 15611 | 1,915 160% 1918 1815 59.0 55 214 859 3.1 1.5 36.8 13 159 995 185.4
2014 15,613 1,915 100% 1.915 1915 55 55 3.2 1.5 36.8 43 15.9 99.6 105,1
20157 15613 | 1915 100% 1,915 .45 55 5.5 3.3 15 36.8 43 15.9 Q9.6 105.2
2016F 15613 1.9%5 100% 1.915 1915 55 - 85 33 1.8 35.8 43 159 9.7 105.2
20171 15611 | 1,915 100% 1,815 1915 |- 364 |- 59.7 88.9 |- 43| 2921 26.6 1.5 35.8 43 159 950 |- 197.1
Note: Resldual values in (brackeis)
Nel Prosont valuos £13 % 1,060 UsE x 1,000 Us$ x 1.000 138 x 4,00
15% 1,862 1.420.8 4168 | 13376
12% 2,464 1,4957 5194 | 20151
9% 2,346 1.578.9 6632 | Zodzt ity
Average Incranmnlz] costs (Sha/m3 Uss/m3 US%/ma | USeima 2
18% 0.76 Q.22 0.99
12% 0.61 021 0.92
0% Q.47 .20 0.67




Table L-5 Cost Estimates Isiolo Water Supply

investment costs [Exchange rate... ..o vennecnes 1USsE= 56|KShs Fhase 1 .o . 1992 |Phase 2 .o e see e 2003] 3-Cct9?
Descriplien Unit fate Civil Eam Pipes Civil E&M Pipes
Elernant dia (mm Size uss QuantitylUs § » 1.000]us § x 1.00{Us $x 5,000 |Quantily Jus $x1.000 |Us §x 1.00LS $ x 1 00O
Rehabiltation item 35 36 53.6
Intake itern 29.1
Raw pipeline 150 mm dia steel pipe m 49339 ) 2,156 106.4
260 mm dia steel pipe m 71.143] 5,054 350.6
Treatment 2,000 m3/d capacity plart i 311,964 1 265.2 46.8
2.000 m3/d expansion n7 237,286 - - -
Boreholes 100 m deep nt §.021 - - 50 30.1
Borehote pumps 7 KW borehole pumps n 20,662 - - 50 163.3
Resevows 750 ma3 reservair nr £0,000 1 60.0 9.9 1.0 50.0
500 m3 resernveir nr 41,984 1 az2.0 1.0 42.0
300 3 resernvoir nr 27,143 - -
250 m3 resenoir nr 23.036 - -
200 m3reservoir o 18,107 - -
150 md reservoir ar 16,786 - -
i00 m3 1eservoir nr 13.928 - -
Transmissicn 400 mm dia uFVC (9 ban m o8.g21 - -
315 mm dia uPVC (12 bar} m 77.554 - -
280 mm dia PV (12 bar) m 60.875 | 4.700 286.1 -
225 mm dia uPVC (12 ban m 48857 1 5,300 248.3 1,000 46.9
160  mrn dla uPVC (12 ban m 26932 § 5.200 153.6 2,000 58.0
Ancillaries/conlingoncies 25% 959 ta.8 M9 33.0 25.8 26.2
Preliminaries I 19% 75.0 i1 2264 24.8 19.4 18.7
Tetal 571.7 353 1,735.49 189.9 145.5 1507
Total phased tosts | Fa R — 23955 | Phase 2 v 489.0
Annual costs
Annuaf 110 sam dia uPVC (12 bar) m 18.446 200 4 200 3.7
distribution 90 mim dia uPVC (12 bar) rn 15.500 500 7.8 500 7.8
plpes 63 mm dia uPVE {12 bay) m 12.089 700 5.5 700 B.5
Total 9.9 10.9
Transport Hequlremonts USEx1.030 19598 2003
Salonn car rir 17.9 ] - [+] -
AWO vehicle nr 62.5 t 62.5 1 52.5
Pickup nr 214 1 21.4 1 21.4
Lorry nr 107.1 0 - 0 -
Transpo|Civil E&M Pipes
Annual D&M costs 2z % of Investments 20% 1.00%| 4.00% 1.06%
Economlc 1He 5 30 10 30
Power 1998 Flxed Variable | 2003[Fhed  |Variabla
Power tanff {Oc 1955) | Pawer Requifemants. ..o e eceeee 10 10 | | 10 | 35
Unil anergy cosi JUSgfunit 0.079
Fixed charge per menth . JUSSsmontn 7.857
kVA demand chaige .. JUSSrorth 4.464
Human rosoutcos Ratesyr 1598 2003
USSx1,000 {TWks 1|1Whs2 _ [Dis'n US$x1.000)TWEks 1 [TWks2 Disi'n__ [USSx1,000
Engirieer 1 Shshyr 35.86 1 3.85 t 3.86
Enginasr I Shshr 3.2 1 321 4 3.21
Inspeactor Shskyr 2.36 1 2 7.07 1 2 7.07
Senior Operator Shskr 1.29 2 2 5.14 2 2 5.14
Qperatar Shshr 096 2 3 4.82 2 3 .82
Watchman/Line patrolmaniClerks Shisfwr 0.64 3 7 65.43 3 9 7.0
Shsiy 30.54 31.82
Chemlcal costs o USEkg 1988 Dosage (mof) __Gostim2 2003 Dosage (mg'l} Costfmd
Alum 0.45 4} 0.000 4] 0.030
Chlsrine 6.25 2 0.012 2 0.013
Soda ash . 0.25 0 0.00n 0 0.0G0:
Tolal chemical cest per m3 | 0.013 0.043
Increm- ilavestrment Schedu'e
‘fear |PopulationfWater |Population/Water artal Treatment Pipes Transpo) Total Q&M Power tabour |Transpor {ChemicaTotal Total
DemanzCoverage |Supplied (supply |[Civil EaM Irivestman] Costs Cosls Racurrent|Cosls
m3d % m3/d M3 luss x 1,000 [USs x 1.000 JUS521.000  |USSx 1 DFUSE « 1 000 [USS x 1.000USS x 1,000 |USSx 1 0NUSH % 190G |USS x 1. 003USS x 1.000 | LSS x 1,000
1996
$667| 25.679 1 3.3 8d% 2.800 -
i968| 26,746 3.534 9% 2.800 - 574.7 853 1,735.9 839 | 24798 - - 24798
1999 27,862 | 3.745 90% 3.370 570 199 19.9 26.7 9.1 0S5 16.8 2.4 857 105.5
2000] 29,029 | 3,268 100% 3.968 1,168 19.9 19.9 26.9 2.5 30.5 16.8 5.3 89.1 109.0
2001 30,243 | 4,160 100% 4,160 1,360 19.9 19.9 27 a7 30.5 16.8 6.2 80.3 110.2
=002 31,505 | 4,361 100% 4,361 1.561 9.9 1.9 273 8.9 30.5 168 74 91.6 1115
2003| 32817 | 4572 100% 4,572 1,772 180.9 1485 150.7 829 573.0 36.7 20.6 313 16.8 a1 114.0 €87.0
2004 34,183 | 4,794 100% 4,794 1,994 9.9 19.9 369 213 3.3 16.6 91 115.8 135.7
2005| 35,604 | 5,626 100% 5,026 2,228 19.9 9.9 374 218 918 16.8 2 117.7 137.6
2006 37,084 | 5270 160% 5,270 2476 14.9 19.9 33 22.6 31.8 16.8 1.3 1187 139.6
2007] 38.625 | 5.520 100% 5,526 2726 19.9 19.9 3rs 233 31.8 168.8 12.4 121.8 1M, 7
2008| 40,230 § 5794 100% 5.794 2.094 852 199 83.9 189.2 411 241 3.8 16.8 13.7 127.4 316.6
2009 41,803 | 6,079 100% 6,076 3,276 199 19.9 413 24.9 318 i6.8 14.9 129.7 148.0
2010| 43,648 | 6372 100%| 6372] 3.572 0| 19.9 41.5 257 ] 318 16.8 163 ] 1328 1520
2011 43548 | 6,372 100% 5,372 3572 19.8 19.9 417 25.7 31.8 16.8 163 132.3 1522
2012| 438481 6,372 100% §,372 3.572 19.9 10.9 4119 25.7 31.8 16.8 163 132.5 524
2013| 43698 § 6,372 100% 6372 3.572 148.5 109 83.9 2523 45.0 23.7 3.8 16.8 163 128.6 391.0
2014 43,648 | 6,272 100% 6,372 3,572 9.9 19.9 48,2 25.7 38 16.5 163 138.8 158.7
2015} 43,648 | 6372 100% 6.372 3.572 19.9 19.9 A8.4 257 31.8 16.8 16.3 1300 158.9
216§ 43,648 | 6372 100% 6,372 3,572 19.9 19.9 4e.6 25.7 31.8 16.8 1653 1302 159.1
2017| 43.643 | 65372 100% 8.372 3572 -{211) -(106) (450) -1 {116) a7 25.7 31.8 16.8 163 137.4 253.6
Nota: Residual values i {brackets)
Not Prezent valuas m3x $00 USE % 1.002 USE » 1,000 USY ¢ |.000
. ":f 15% 3372 2,569.2 5813 | 315811
S i2% 4,484 27217 7241 3,445.8
9% 5,117 2.909.6 924.1 | 3.833.7
Averago incremantal costs (She/m3 US$§m3 USS/m3 { USS/ma3
15% 0.76 017 0.93
12% 0.61 0.16 0.77
9% i i 048 0.15 0.53




Table L-6 Cost Estimates Chuka Water Supply

Investmont costs SR Y T — 1USE= 5¢|KShs TPhASe 1 voverersosrrzrre s seccrnersoces 1968|Phase 2 ... 2003] 30497
Dascription Unit Rate Chil E&M Pipes Civi E&M Pipos
Element dla {mm Size uss Quantily] s $ x 1.000]u$ § x 1.004Us § x 1,000 | Quantily [us § x 1,000 |us 3x1.09us $ x 1,00
RAehabililation item 4.5 - i7.9
Intake ilem 314
Raw pipeling 250 mm dla steel pipe m 95.661 | 3,100 296.5
200 mm dia slael pipe m 71143 55633 400.7
Treatmant 2.000 m3/d capacily plant nr 336,964 1 864 50.5
2,000 md/d expansion nr 237,286 1.0 201.7 56
Resenoirs 750 m3 resenvoil nr 60.000 1 €0.0 -
500 mid teservoir n 41,964 t 42.0 -
400 m3 reservolr nr 34,643 i 348 -
308 m3 1eservoir e 27,143 1 27.1 - -
250 m3 resenvoir or 23,036 - - - -
200 3 resevolr nr 19,107 1 19,1 2.0 28.2
130 m3 resersit nr 16.786 1 16.8 1.0 6.8
00 m3 resenveir nr 13.92% - -
Transmission 400 mm dia uPVC {9 bar) m G8.621 - -
315 mm dia uPVC (12 bar) m 77.554 - -
280 mm gia uUPVC (12 bat} m 60.875 F 2,900 176.5 -
225 mm dia uPVC (12 bar) m 466857 § 2,800 131.2 3,000 45.0
160 rmm dia uPVC {12 ban) m 28,982 | 2.600 754 1,000 28.0
Arcillaries/contingencies 25% 12.6 274.6 64.2 89 19.0
Anglilsriesjcontingencies 15% 9.5 2050 48.1 8.7 14.2
Total 72.7 1,578.7 369.0 51.2 100.0
Total phased costs e 2 B1A3 Phase 2 o 529.2
Annual cozts
Annal 110 mm dia uPVC (12 bar} m 18.246 500 9 500 92
disiributlon 90 mm dia uPvE {12 bar) m 15500 | 1,000 155 14000 15.5
plpes 63  rarn dia WPVC (12 bar) m 12.089 | 2,600 242 ] 2008 24.2
Total 48.9 48 %
Tr pord Roqulremonts US$x1,000 1998 2003
Saloon car nr 17.8 0 - O -
AWD wahicle nr 625 1 62.5 1 2.5
Pickup rr 21.4 2 429 2 429
Lorry e 1071 0 - 1] -
Transpo,Cwil E&M Pipes
Annuat O&M cozis as %of Investments 20% 1.00%F  4,00% 1.00%
Economic s 5 30 10 a0
Powar 1998 Fixed Variable 1 2003[Fixed ~ |Variabie
Power tarilf (Oct 1956) Power Requitemants. . ..o oo 10 0] i | 10 [ 10
Unit enzrgy cost JUSEfunil | 0.0785714
Fixed charge pet mol usSimond: | 7.8571429
KVA demard charge USSmonch | 4.4642857
Human rescurcee Hatedyr 1598 2003
WUSHx1,000 {1Wks 1|TWhs2  [Dist'n USEx1.000  TWhs 1 jTWks2 Dist’n USSx1,600
Engineer 1 Shsiyr 3.86 4] - 1 3.86
Engineer Il Shsfyr an 1 3.2 1 3
Irspector Shsiyr 2.26 2 2 6.43 2 2 Q.43
Senior Dperator Shsiyr 1.28 2 2 514 2 3 §.43
Qperalor Shsiyr 0.95 2 4 575 2 5 675
WatchmaniLine patrolmanr/Cletks Shsiyr 0.64 3 12 9.64 3 17 12.86
Shsfyr 33.21 42.54
Chemical costa UES/kg 1958 Dosage (mafl) Costim3 2003 Dosage (mgh) Costim3a
Alum, 0.45 v} 0.003 o 0.000,
Chilorire 6.25 2 0.013 2 0.013
Soda ash o 4] 0.000 a 0.000
Totat chemical cosi permd. ... 0.013 0.613
Incrern- [{nvastmend Schedule
Year |PopullicriWaler |FopulaticrsWater antal Treatrnent Pipes Transpoy Total Qan Power Labour |Transport ]Chemical¥olal Totat
DemangGoverage (Supplied |supply  [Civit EaM Invastmen| Cesls Costs Recurient|Costs
masd % mald m3/d{USS x 1.000 |USS x 1 620 |USS x 1,660 {USS » F.OCUSS 3 1.000 [USS = 5. 00QUES x 100G |USS % 1.00JUSS x 1 000 |USS x 1,004 USS » 1,000 |USS x 1,0)
1895
16971 a4i.502 | 1,537 - -
1998; 43,046 | 1,741 - - 1,162.9 727 1,578.7 | 1054 | 29106 - - 2.819.6
10981 44622 | 1.95% S0%, 930 950 48.5 48.9 30.8 7.5 33.2 21.1 4.5 erksy 145.9
2000| 46238 2192 55%| 1,205 7 1,205 89| 48.9 31.3 77| @32 211 55 28.8 147.7
2001 478041 2375 H0% 1,425 1,425 48.9 48,9 318 8.0 33.2 211 %] 160.6 149.5
2002| 49616 2,568 £5% 1,664 1,669 a8.9 48.9 323 8.3 33.2 211 1.8 102.8 151.4
2003 51,273 | 2770 70% 1,639 1.939 363.0 512 109.0 | 1054 G345 3941 8.6 42.5 211 88 120.2 754.7
2004| 53,169 | 2,920 T5% 2235 2.235 48.9 48.9 39.6 a9 42.5 21.1 inz §22.3 +71.3
2005 55,001 3,189 80% 2.552 2,559 48.9 a8.& 401 a3 425 211 1.7 124.7 1738
2006| 56,861 | 3,426 85% 2,912 2,012 48.9 18.9 40.6 9.7 42.5 211 13.3 127.2 1761
2007| 58,743 | 3,661 20% 3,265 3295 489 489 4 102 425 21.1 i5.0 129.9 178.8
2008; 60,638 | 3,802 95% 3767 3797 72.7 4891 105.4 226.9 44.5 10.7 42.5 211 16.9 1357 z62.6
2009] 625381 4,150 98% 4,045 4,046 189 48.9 41.9 113 125 211 185 138.1 187.0
2010| 54,433 | 4.403 100% 4,402 4,403 48.9 48.9 45.4 11.5 42.5 21.1 20.1 140.8 189.5
20M1]| §4,433 | 4,403 100% 4.403 4.403 18.9 48.9 45.9 11.5 425 211 2014 1431 160.0
2012 64,433 | 4,407 100% 4,403 4,403 . 48.9 48.9 46.4 11.5 425 211 201 141.6 160.5
2043 83,4331 4403 100% 4,403 4,402 51.2 48.91 1054 205.4 48.9 1.5 42.5 Al 21 144.1 349.6
2014 64433 {1 4,403 100% 4,403 4.403 489 48.9 49.4 1.5 42.5 211 201 144.6 193.5
20i5] 64433 1 4,403 100% 4.403 4,403 43.9 489 49.9 1.8 42.5 21.1 2001 145.1 184.0
2096 §4.433 | 4,403 100% 4,403 4,4G3 48.9 48.9 504 115 42.5 21.1 201 455 194.5
2017| 64433 | 4,403 100% 4,403 4,403 |- 4264 |- 5.2 161.3 - 211 |- 3314 a6.0 11.5 A2.5 211 20,3 411 |- 1902
Nole; Residual values in (brackals)
Mot Prosent valuas ma ¥ 1,000 us3 x 1,000 o US% x 1 000 USS x 1,000
15% 3,003 3.087.3 628.4 | 37157 ]
12% 5328 3.262.4 7804 | a0328
a%, 7.295 3,460.9 953.1 4,462.¢
Average Encromental coste (She/ B e USSM3 USSim3 | USsm3
[ 15% 0.77 0.15 0.95
i2% 0.61 0.15 .76
o% 0.48 0.14 D.61




Table L-7 Cost Estimates Chogoria Water Supply

Investment cosls [Exchange 1212, .overmencecssrcaricses e TUSS= 55]KShs [ 7908 Phase 2 .. - 2003] 307
Descriplion Una Rate Cuil E&M  IPipes Civil E&M Pipes |
Element dla (mm Size us 3 Cuantitdus £ 1. 6o uS $x1.0US 5 x1.000 JOuUaNtiLY LSS x OIS Bx 1.OLUS $ ¥ 1.000
Hehabilation itern 89 - 40.0
intoke itermn 184.0
Raw plpeling 180 mm dia gtesl pipe m 49,333 - -
200 mm dia steel plpe m 71143 | 4.654 a3
Treatment 1,500 m3fd capacity plant nr 284,161 1 2415 2.6
1,500 m3/d expansion nr 196,982 1.0 167.4 225
Reservoirs 753 m3reservoir " 60,000 - .
A3 ma3 reservoir nr 34,643 - -
300 ma3raservolr nr 27,143 2 543 -
250 m3 reservoir nr 23,036 1 230 1.0 230
200 m3 resesvair n 19,107 1 121 1.0 19.1
150 m3 reservair o 16,786 - -
00 m3 reservoir nr 13,929 -
Transmissicn 400  mm dia WPV (9 bar) m 08.621 - -
315  mm dia uPVC (12 bar} m 77.554 - -
280 mm dia uPVG (12 bar) m 60.875 - .
225  mm dia uPVC (12 bar) m 46.857 | 5000 2343 1.000 46.9
160 mm dla uPVG (12 bar) m 28932 116,100 486.6 2.0C0 £8.0
Ancillaresfcontingencies 25% 132.7 10.7 263.0 52.4 7.4 262
Preliminaries 15% 99.5 8.0 Z01.0 39.3 5.5 19.7
Total 1631 55.3 15410 2013 425 150.7
Total phased cosis [Phase 1.0 . oo 2.365.4 ] Phase 2., .. 494.4
Annual costa
Anntal 110 mm dia uPYC (12 bar} m 18.448 - -
distribution a3 mm dia uPve (12 bar) m 15.500 500 8 S00 a
nipes 63 mm dia uPVC (12 bar) m 12.088 | 1,000 12§ 1,600 12
Toial - 20 20
Transpori Requirements LISEx1,000 1988 2003
Salcon car nr 17.9 0 - 0 -
4WD vehicle nr 62.5 1 53 1 63
Pickup nr 214 1 21 2 43
Lorsy nr 107.1 O - 0 -
Transpo Civit E&M  |Pipes
annceal O&M costs a2 % of investments 20% 1.005%6] 4.00% 1.00%
Econehile life 5 30 10 30|
Power 1992|Fixed  [Variable [ 2008]Fixed _ |Variable
Power tarf {Oci 1996) ] Pouwer FeqUITeMEentS. .. oot 10 10 | | 15 | 10
Unil energy cosl ............ JUSHurt 0.079
Fixed charge per merith USSTronth 7.857
kWA demand charge ... - US§Imanth 4.454
Human resources RateAyr 1998 2003
1ySxt.000 [TWks 1[TWhs2  |Destn [USSx],000fTWhs 1 [TWhks2 [Dst'n |US3x1.000
Erigineer 1 Shayr 3.66 - t 3.86
Enginear |l Shsfyr 32% 1 an i 3.21
Inspactor Shsjyr 2.36 1 2 7.07 1 2 7.07
Senior Operalor Shehr 1.29 2 3 643 2 3 643
Operator Shsfyr 056 2 4 579 2 4 579
WalchmaniLine patrotman/Clerks Shshyr 0.54 3 12 a9.64 3 14 1093
Shelyr 3214 37.29
Chemical cosis US3kg 1998 Dosage (mai) Lostmd)| 2003 Dosage [mgh} Cosumal
Alum 0.45 0 ©.600 0,000}
Chtorine 8.25 2 0.013 2 Q.03
Seda ash 0.25 a 0.000 k) 0.000
Totel chemical cost per m3 e eveeeamrratataetetons et A et e aaares s s D013 0013,
increm- {Investment Schedule
Year |PapuldlioryWater |Populatior{Wales ental Treatment Pipes Transpd Towl Q&M |Fower Labour | TransponCherrica| Totel Tolal
Demarx Coverage |Suppited (supply  |Civil E&aM Invesimen|Cosls  [Cosls RecurrentiCesls
n3fd 3 mafd trid LSS « 1690 |USs x 1 000 | USS % 1 060 [US5 % 1 6{USS x 1.000|USS « 1 G{USS < 106D UGS % 1.00/UST x 1.O0UGE 2 1 GG USE £ 1 COBIES x 1,600
1995
1997 32934 1,134 0% - -
1908| 330261 1,274 0% - - 163 61 1,541 84 2449 - - 2,449
1995 34,016 1.423 S0 71 711 0 20 28 8 32 17 3 65 105
2000| 24920 | 1,677 55% 867 567 20 20 28 8 32 17 4 87 106
2001 35.833 | 1.689 0% 1013 1.013 20 20 25 8 32 17 5 es 108
20021 35754 | 1.805 655% 1.173 1,172 20 20 26 [ 32 i7 G 89 163
a003) 97,684 | 1.925 0% 1.348 1,338 3 42 151 105 800 a3 9 37 21 6 06 705
2004] a3s.e2y | 2.050 5% 1,537 1,537 20 €0 2 9 ar 21 7 107 127
2005| 39.565| 2,378 80% 1,742 1,742 20 20 33 g 37 21 8 109 128
2006 40,5161 2311 85% 1,964 1,864 20 20 33 0 37 21 9 10 130
2007 41,473 2.448 0% 2,203 2,203 20 20 33 10 37 21 10 12 132
2008( 42,435 | 2589 95% 2,459 2.459 &1 20 165 186 28 n 37 21 B 116 203
2003 43403 | 2,734 93% 2,665 2665 20 20 3B 11 37 20 12 118 138
2010f 44,376 § 2,853 100% 2.883 2,883 26 20 35 1 37 21 13 11¢ 132
2011] 44,376 | 2,893 100% 2,883 2,833 20 20 37 13 ar 21 132 120 130
2012 44376 | 2,883 10G% 2,683 2,683 20 20 a7 11 a7 21 13 120 140
2013| 44376 | 2883 100% 2,883 2,882 42 20 105 168 39 11 a7 21 13 122 289
2014f 44,376 2883 100% 2,883 2.883 20 20 39 11 37 21 13 \Pd 142
2085| 44,376 | 2.883 100% 2.883 2.883 20 20 39 11 ar 21 13 122 142
2016| 44,376 | 2,883 00% 23883 2883 20 20 39 R] 37 21 13 122 142
2017F 44,375 | 2.843 100% 2,883 2,883 - {280} -(38) {372) -(21) (34) 39 11 a7 21 13 122 {155)
Note: Residual valuas in [brackets)
Net Present values m3A 1.090 USS x 1.060 . USS x 1,004 USE X 1.000
15% 2713 2,540 545 3,085
12% A.605 2085 G675 3.360
223 4,915 2,860 268 3,718
Average inciemental coslsTéFs_’m 1] US53m3 0Sshna 1 USaims
1h% 0.54 0.20 1.14
12% 0.74 G.g 0.92
g% 0.58 0.17 0.76




‘Table 1.-8 Cost Estimates Maua Water Supply

Investment costs [EXchange rate. .o memreremreees 1USS= S B TFnasa 1 oo e 1985 Phase 2 . _P003] soaw
Descriplion Linit Raile Civit E&M Pipes Civil E&M Pipas
Elament dia {mm Size usig Quantity|us § x 1,000[us § x 1.00Jus § x 1.600 JQuantily |us $x 1.0 [US $x 1.0qUs % 1.
i-FTehabilneuion Ham 1.8 14.3
Intake dem 4.2
Raw pigaline 150 mm dia steal pipe m 49,339 400 19.7
200 mm dia slge! pipa m 71.143 - -
Treaiment 1,560 mdjd capacity plant nr 552,357 469.5 820
G m3/d expansion nr - - -
Heservoirs 500 rn3 resenvolr nr 41964 1 42.0 1.0 42.0

400 m3 raservoir nr 34,643 - M

300 ma3 reserol nr 27,143 - -

250 m3 resenoir af 23,036 - -

200 m3 resenvair ar 12.107 - -

150 3 jeservoir nr 16.786 1 16.8 1.0 16.8
160 mi3 eeservoir nr 13,929 - -
Transmission 400 mm gia uPYG (9 ban m 98.821 -

315 mm dia UPVC (12 ban) m 77.554 - -

280 mm dia uPVC {12 bar) m 50.875 - -

225 mrndia uPVC (12 bar) m 46857 | 1.500 703 -

160  mm dia uPVE (12 bar) m 289382} 2700 78.3 1.500 43.5
Ancilarigs/conlingencies 25% 133.6 20.7 45,6 14,7 - 0.9
Arncilianes/centingencies 15% 100.2 15.5 34.2 110 - az
Total 768.0 11G6.1 262.4 84.5 - G2.5
Total phased costs YPnase 1. . 1,1495 [ Phase 2 ..o, 146.%

Annuzl costs
Annual 110 mm dia UPVC (12 bar) m 18.446 - -
distribution 90 mm dia uPVE 42 bar) m 15.500 200 as 200 a1
plpee 63 _mm dia uPVC {12 bar) m 12.089 | 200 2.4 200 24
Tolat 5.5 55
Tranzpor Hoqulrementa US5x1.000 1993 2003
Saloon car nr 17.9 [¢] - Y] -
AW D vehicle nr G2.5 o - ¢ .
Pickup nr 214 1 21.4 1 214
Larry nr 107.1 0 - k4] -
Transpo|Civit E&M Pipes
Anaual O&M coats as % of Investments 20% 1.00%| 4.00% 1.00%
Economic [He 5 30 10 30
Powoer 19081 Fixed Variable | 2003[Flxed  Variable
Power tarniff {Ocl 1996} ] Power Reguitements.... .| 10 10 | 10} 10
Unil enargy cos! S S/unil 0.079
Fu®d charge per month US§ montk 7.857
kVA demand charge ... . JUS§'maorth 4.464
Human resourcos FRatefyr 1908 2003
US8x1.000 §TWks 1| TWks2 Dist'n USEx1,000) TWks 1 | TWks2 Oistn US%x1,000
Engineer 1 Shshr a3.86 s} - 1 3.86
Engineer Il Shisiyr 32 1 321 1 321
Inspector Shsiyr 2356 2 1 7.07 2 2 9,43
Senior Oparator Shsir 1.29 2 2 514 4 2 5.14
Gporator Shsfyi 0.96 2 3 4.82 2 3 4.82
Watchman/Line patrolman/Clarks Shsiyr 0.64 3 ] 7.07 3 10 5.36
Shsiyr 27.32 34.82
Chemileal costs USEkg 1998 Dasage (mgsl) Costim3 2003 Dosage [mgf} Cost/m3
Alum 0.45 20 0.008 20 0.009
Chilorine 6.25 2 0.013 2 0.013
Sgda ash o 0.25 5 0.001 5 0.001
Total chemital cost perm3. .o 0.022 0.023
Increm- |Invesiment Schedule
Year (Populaticr|Waler !PopulationWater enlal Treaiment Pipes Transpo|Total 0O&M Powar Labour tTranspon |Chemica) Total Total
Oemand Coverage [Supplied |supply [Civil E&M Invastimen| Costs Cos's Racutrent| Cosis
m3id % g mdfd US$ x 1 000 [VSS < 1,000 {US§x 1,000 1USS x LOGUSE x 1.000 [USS x 1.000 LSS x 1.000 [UsS x £.00{USS x 1.000 |USS x L OCJUSS x 1.000 | USS x 1.000
1956
1997 5.537 552 - -
1998 5,925 603 - - 768.0 1191 262.4 21.4 1.170.9 - - 1,1704@
1994 5,340 659 100% §50 G659 55 5.5 151 8.6 2¢.3 43 55 S0.6 66.3
2000 6,783 719 100% 1s 739 5.5 5.5 152 8.8 27.3 4.3 6.0 G1.6 67.1
2001 7.258 774 100% 774 774 55 5.5 52 9.0 27.3 4.3 G.4 62.2 67.8
2002 7766 832 HiG% 83z 832 55 5.5 153 9.2 27.3 4.3 69 63.0 68.5
2003 8,310 596 1065 86 895 84.5 - £2.5 214 t68.4 168 9.4 34.8 4.3 7.4 7.7 241.1
2004 8,897 §63 100%. 963 963 55 5.5 16.6 a7 34.8 4.3 8.0 735 79.1
2005 9,514 §.036 100% 1,036 1,035 5.5 5.5 169 9.9 34.8 4.3 8.6 74.5 80.0
20086 10,180 1 %,115 100% 1,115 1,115 5.5 5.5 16.9 10.2 34.8 4.3 9.2 75.4 B1.0
2607 10.893 | 1,159 00% 1.129 1,199 55 5.5 174 10.5 24.8 4.3 99 76.5 82.0
2008 11,655 | 1,290 100% 1.290 1.29G 119.1 5.5 21.4 146.0 21.8 10.8 34.8 4.3 10.7 82.4 228.4
2009 12471 | 388 106% 1,388 1,288 5.5 5.5 219 1.1 34.8 4.3 11.5 83.6 89.1
2010| 13,344 | 1.493 100% 1.493 1,493 5.5 5.5 21.9 11.5 34.8 4.3 12.4 249 80.4 |
2041 13,344 | 1.483 100% 1.493 1,493 5.5 55 2.0 1.5 34.8 4.3 12.4 84.9 90.4
2012 13.344 1 1,492 100% 1.493 1.493 5.5 55 22.0 1".s 34.8 43 12.4 £5.0 90.5
2013 13,344 | 1,492 160% 1.493 1,493 - 55 21.4 28,9 221 1.5 94.8 4.3 i2.4 85.0 1i2.0
2034 13344 | 1,403 100% 1,493 1,493 55 5.5 221 1.5 34.8 43 12.4 85.1 90.6
2015 13,344 | 1,462 100% 1.493 1.493 55 55 22.2 1.5 348 4.3 12.4 451 Q0.7
201G 13,344 1,493 100% 1,493 1,493 &5 55 222 1.5 348 a3 12.4 85.2 90.7
2047 13.344 1.493 100% 1,463 1493 |- 2816 |- 233 268 |- 434 2829 18.7 1.5 3a8 4.3 12.4 BE7 b z012
Nola: Residual values in (brackets)
Hat Prozont vaiuse r13 v 1.000 US5$ x 1,000 USS ¥ 1,000 USS x 1.000

15% 1,688 1.133.2 3815} 1.514.8

12% 2,192 1,1783 472.8 1,651.1

a% 2,924 1.225.1 600.1 1,825.1

Avsrage Incrsmental coste (Sha/m3 Usg/m3 US$/m3 | USS/m3
15% 0.67 023 0.80

12% 0.54 0.22 0.75

9% 0.42 0.21 0.62




Table L-9 Cost Estimates Tigania Water Supply

Ivestmant coste {Exchange rale.........cooeviernnis 1USE= 56EKShy [ —— 1998 PNase 2 e 2003| 30197
Bescriplion Unit Rate Civil £&M Fipes Civil E&M Fipas

Elernent dia {mm Size Us 3 Cuanlity|us $x 1,000|Us §x 1.04US § x 1.6c0 JCruantity (LS $ x 1 000 [US § x 1.00US § x 1,000}
RAehabilitation itern - - -
Intake itern 134.9
Raw pipeline 250 mm dia steel pipe m 85.601 | 2.000 191,3

200 mm dia steal pipa m 71.143 -
Trealrnent 2,000 m3/d capacily plart nr 204,156 1 2501 441

2,00¢ m3/d expansion nr 207,018 1.0 176.0 311

Reserwairs 500 m3 resenir nr 41,964 1 420 -

400 m3 resencir nr 34.643 - 1.0 34.6

300 m3 iesenvoir nr 27,143 - -

250 ma3 rasemnvalr nr 23,636 - -

200 m3 reservclr o 19,107 1 19.3 1.0 194

150 m3 reseneir nr 16,786 2 33.6 2.0 33.6

160 m3 resenolr nr 13,929 - -

Trans mission 408 mm dia uPYC (9 bar} m 08.821 - -

315 mm dia uPVC {12 ban} m 77.554 - .

280 rnm dia uPVC {12 bar) rr 60.875 11,800 7183 -

225 mmdia uPVC {12 ban) m 46.857 | 8.900 N70 -

160 mm dia UPVG (12 bar) m 28.932 1 4,300 1246 2,800 al.z
Ancillarles/contingencies 25% 119.9 1.0 262.8 65.8 7.8 203
Preliminanes f 15% 89.9 8.3 2721 49.4 5.8 15.2
Total 689.5 63.4 2.086.2 378.5 44.6 116,7
Tolal phased cosls - T Fhase 1......... rmeerees 22,8300 {PRASe 2 ooovemosoveeereeresn: 539.8
Annual costs
Annual 116 mm dia uPVC (12 bar) m 18.446 | 1.000 18 1,000 18.4
distribution a%  mm dia uPFVG (12 bar) m 15500 500 7.8 500 7.8
pipes - 83 mim dia uPVC (12 bar) ree 12.089 | t.000 12,1 1,000 12.1
Total 38.3 353 |
Trapsport Requiramenis US5Ex1,000 1698 2003

Saloon car nr 17.¢ 0 - o] -
4w D vehicle nr 525 1 G2.5 ] 62.5
Fickup nr 214 2 42.9 2 42.0
Lorry nr 107.1 0 - 0 -
Transpo;Civit E&M Pipes
Annual O&M costs as %of Investmenis 20% 1.00%| 4.00% 1.00%
Economlc lHe 5 30 10 30
Powar 1998 |Fhad Variable J! 2003[Fixed  |Variable
Foviar lariff (Ocl 1996) 1 Power Rlequirements ..o coov oo 10 10 | | [ 10
Unit enz1gy cost - US&funit 0.079
Fived chaige per mont US$imonth 7.857
VA dernand charge .. -..JUSSimonh 4.464
Human resourcea Hateyr 1593 2003
US$x1,000 {TWKks 1[TWks2  |[Distn USEx1,000§TWEs 1 |TWhks2 Distn USSx1,.000
Enginaer 1 Shsiyr 3.86 1 3.86 ] 3.86
Engineer Il Shsiyr 3.21 1 3.21 2 6.43
Inspectar Shs#yr 2.36 5 2 71.07 1 3 9.43
Sanior Operator Shsiyt 1.29 2 3 6.43 2 4 i.n
Operator Shsir 0.5 2 4 519 2 5 6.75
Watchman/Lina pairolman/Clesks Shsfpr 0.64 3 12 9.64 3 19 14.14
Shsfyr 35.00 48.52
Chemical costs USgfg 1093 dosagae (mgdl) Coslim3 2003_Dosage (mof) Cosl/m3
Alum 0.45 0 0,000 0 3.000
Chlonnie §.25 2 0.013 2 ¢.013
Soda ash 0.25 0 0.000 a .000
Total chemical cost per m3... 0.013 ¢.013
Incram- [investment Gchedote
Yoar |PopulationWatar jPopulatiorfWatar antal Treatment Pipes Transpoj Tata! Q&M Power Labour |Transport |Charsica| Total Total
DemaniCovetasge |Suppliad {supply  [Civil E&M hwvestmen| Costs Costs RecurentjCosts
m3/d % m/d m3/d{USS x 1.000 |USS x 1.000 [USS x 1000 [USS x 1.0JUSS « 1,600 |USS x 1.00UUSE X 1.000 |USE x 1.004USS x 5.600 |USE x 1. 00USS x 1,000 JUSS = 1 000
1686
1957 63,891 1,532 - -
1968| 65,5151 1,723 - - 689.5 £3.4 2080.2 | 1054 20445 - - 28405
1993 67,103 | 1,921 50% 8560 960 382 L] 30.7 7.6 35.0 21.1 4.4 99.8 136, 1
7000 68,650 | 2,125 E5% 1,169 1,169 32 33.3 311 7.9 36.0 21.1 5.3 1.4 130.7
2001 70,186 | 227 60% 1,963 1,563 38.3 38.3 31.4 82 aso0 2t 6.2 W29 141.2
2002 71708 | 2.421 65% 1.574 1,574 383 38.3 31.8 8.5 35.0 211 7.2 104.6 142.8
2003y 73.2i4) 2575 T6% 1,803 1,803 378.5 44.6 116.7 1 1054 6459.1 a38.6 2.8 483 211 8.2 125.0 7701
2004 r4702 | 2735 75% 2,052 2,052 353 383 BY g1 483 214 9.4 126.8 1651
2005 75,169 | 2,868 20% 2319 2,319 383 383 39.3 23 48,3 211 1¢.6 128.8 167.1
2006| 77.613 | 3.067 85% 2,607 2.607 a8.2 3483 vz A 48.3 Al 1.9 130.8 160.2
2007 79033 | 3,239 0% 2915 2915 383 38.3 a0.1 10.3 48.3 214 13.3 133,1 171.4
2008} 80,4251 3415 95% 3,244 3244 63.4 3831 1054 2071 43.0 10.8 48.3 2ui 4.8 138.0 345.0
2009 81,789 ] 3.595 8% 3,505 3,505 38.3 38.3 43.4 t1.1 48,3 211 16.0 134.9 178.2
20t0| 83,121 | 3,778 100% 3,778 3778 383 38.3 43.8 11.5 48.3 21.1 7.2 141.9 180.2
2011 83,121 | 37718 100% 3.778 3.778 a8.3 383 44.2 11.5 483 211 17.2 1423 1606
2012 84,121 | 3778 100% 3,778 3,778 383 283 44.5 1.5 48.3 211 17.2 1427 181.0
20131 83,121 | 3.778 100% 3,778 3,778 44.6 38.3 | 1054 1883 45.7 1.5 48.3 211 17.2 1448 3331
2014] 831211 3,778 109% 3,778 3,778 383 33.3 47.1 i1.5 483 211 17.2 145.2 1835
2015| 834211 3,776 100% 3,778 3,778 38.3 38.3 47.5 1.5 48.3 2141 i7.2 §45.6 183.6
2016| 8321 | 3,778 100% 778 3778 a8.3 38.3 419 H.s 4B.3 211 7.2 146.0 1843
2017| B3.121 | 3.778 100% 3.778 3,778 |- 252.8 |- 38.5 450.7 |- 2141 137.4 4B8.3 1.5 48.3 21.3 17.2 146.4 283.8
Note: Residuwal values in (brackels)
Net Present valusa mlx 1,000 US$ x 1,000 USS % 1000 USS x [.00C

15% 3.602 3,087.5 643.3 | 3.730.8

15% 4,779 32NE 798.3 | 4,069.8

5% 6,505 3.498.4 10148 | 4513.3

Average Incremsntal costa (Shefm3) USE/m3 USS/im3 § USEm3
15% 0.86 0.i8 1.04

12% 0.68 0.17 0.85

9% 0.54 0.16 0.6¢
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Table 1.-17

Meru Water Supply Bill of Quantitics

DESCRIPTION Unht Quanity Rate Amount
Intaks
5He clsarance m2 1.000 35 35.000
Excavation
Mormal excavatlion m3 1.000 350 350,000
£0 for rock excavation m3 500 1,500 750,000
Bank protection m3 500 1.630 815.000
River diversion ilem 2,060.000
Roads m2 12.000 350 4,200,000
Concrete “all In prices” -
Concrete 30/20 in base slab m3 125 12,000 1,5C0.000
do in walls m3 10 12,000 120,000
Sub total, intake 0,770,000
Raw Waler Plpsilne
500 dia sleel pipe m 5000 12,752 63,760,000
450 dia stesl pipe m - 11,495 -
Sub tolal, raw water pipgline 63.760,000 |
Treatmment Plant
Stte works
Sile clearance m2 20,000 35 700,000
Roads ma 8,000 350 2,800,000
Fance m 60¢ 1,500 600,000
Sub fotat, Site works 4,100,000
Horlzantal Sedimantation Tanke
Excavatlon
Normal excavation m3 6,203 350 2,205,901
E0 for rock excavation m3 3.001 1,500 4,501,020
Conctete “all in prices” - .
Corcrete 30720 in base stab ma 8s0 20,050 18,808,448
do inwalls m3 t.1a8 20,000 22952,160
Pipowork itemn - 15% 7.420.270
Anclilaries item 15% 7.420.270G
Sub lotal Hotizontal S¢d. Tank 8} L 64,309,009
Repid Sand Flitere
Excavatlon
Normal exzavalion m3 1,849 350 647,002
EQ for rack excavaticn m3 770 1,500 1,455,360
Media irc. gravel m3 280 1,500 420,460
Concrote “all In pricez™ - -
Concrele 30720 in base sfab m3 212 20,000 4,236.320
do inwalis m3 7ta 26,0060 14,260,000
Plpework tem B A0% 2,267,665
Anciliarizs itam 0% 6,215,748
Sub iotal Rapig Sand Fillers : (8) £ O 85,222,575
Clear Water Slorage
Excavatlon
Noimal excavalion m3 3,710 350 1,298,521
£0 for rock excavation m3 1,031 1,500 1,545,870
Concrets "oll In pricas™ - -
Concrete 30720 inbasa slab m3 6580 20,000 13,603,656
do inwalis m3 356 20,000 7.319,520
Pipawoik ilern - 15% 3,665,137
Anclliarles tem 15% 3,565,137
Sub total Clear Waler Resenvoir(s}: (2) 30,897,850
Bulldinge
ChamicaliLaboratary
All in buitding cosls m2 207 22000 4,554,000
Pipawork and ancliaries tem 15% £83.100
Sub tolal Chemical building 5,237,10C
Offlca/Store/Workshop
All tn buitdirg costs m2 138 22,000 3.035,000
Add fol furnishings elc itern 15% 455,400
Sub {oial Adrain Building 3,401,400
Pumplng stallon
Excavallon
Normal excavation m3 520 as0 162,045
EQ for rock excavation m3 246 1,500 371,520
Concrete "sll In prices™ - -
Concrete 30/20 in base slab m3 82 20,000 1.634,688
do inwalls m3 112 20,003 2,241,120
Al in bullding cosis m2 124 22,000 2724480
Plpowork itern - 20% 1.430.771
Pumpa nr 2 1,782.403 3,564,806
Anclliarles item 15% 1,073,078
Sub folal Pumpis 13,262,507
Sludge concenlrators Depih...... 4| m
Excavatlon .
Normal ercavalion m3 564 350 197,437
EO for rock excavalion m3 242 1,500 423,078
Cencrote "all in pricos” - -
Concrale 30/20 in base slab md 254 20,000 5.076.939
de inwalls m3 194 20,000 3.872,955
Pipowork ilem - 10% 957.041
Anclliarles itern 10% 057,041
Sub 1o1at Sludgae concenlsators {4} 1] PO 11,484,492
Sludge drving Bede
Excovation
Nozmal excavation m3 662 a5t 231,525
EQ for rock excavation m3 110 1,500 165,375
Sard bed md 200 1,200 350,000
Concrete “all It prices” - -
Congrele 30720 in base slab m3 aos 20,000 8,063,750
do inwalls m3 59 20,000 1,178,750
Plpevwork Inc.dralnzge itam - 25% 1,999,850
Ancillaries item 106% 799,940
Sub totpl; Sludge drying beds |(10) or 10,769,150
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Table 1-18 Nkubu Water Supply Bill of Quantities

DESCRIPTION Uatt Quanthy Rate Amount
Intake
She clearanca 2 200 as 7.000
Excavation
Normal excavation m3 100 350 35,000
£0 for 1cck exzavation m3 100 1,500 150,000
Bank proteciion m3 75 1.630 122250
River diversion itemn 500,000
Roads mg 2,400 350 840,000
Concrete "sil In prices” -
Corciete 30720 in base slab m3 25 12,000 300,000
da inwalls m3 10 12,000 120,000
Sub total, intake 2,074,250
Haw Watsr Pipsline
200 dia sieel pipe m 500 3,684 2,350,400
150 dia steel pipe m 1,043 2,763 2,798,919
Sub tolal,_raw water pipeline 5,189,349
Treatment Plant
Sio works
Site cleatarce m2 8400 35 294,600
Roads m2 2000 350 760,000
Fence m REZH 1,500 570,000
Sub total,_Sre works 1,564,000
Horizontal Sedimentalion Tanks
Excavatlon
Normal exzavalion m3 798 350 279,418
EO for rock excavation m3 3so 1,500 570,240
Concrele “all In prices™ . - -
Concrele 30/20 in base slab m3 125 20,000 . 2,508,056
do inwalls m3 270 20.000 5,409.600
Pipework item . 15% 1.315.247
Anclilaries itam 15% 1,315,247
Sub tolal Horizoqal Sed, Yank [ (4] L O 11,303,808
Repld $and Flkere R
Excavation
Normal excavation m3 403 350 141,120
£0 for rock excavalion m3 168 1,500 252,000
Media ing. gravel m3 50 1,500 75,000
Concreta "all in prices” - -
Concretg 30720 in base slab m3 46 20.000 924 000
do inwalls m3 224 £0.0C0 4,485,000
Plpewark itern - 40% 2,350,848
Ancilintles itern 20% 1,763,136
Sub tgtal Rapid Sand Foters 1{2) 9,991,104 |
Cloar Water Storage
Excevatlon
Normal excavalion m3 461 350 161.280
£0 for rock excavation m3 128 1,500 162,000
Concreta “all ln prlcas” - -
Cornecrele 30/20 in base slab m3 24 20,000 1,689,600
do inwalls m3 123 Z0D,000 2,450,880
Pipework item - 15% 674,064
Anclilarlas itern 15% 674,064
Sub tolal Clear Walel Resotvair(s){(2) L ST 5,841,888
Bulldlngs
Chemlcal/Laboratory
All in building costs m2 83 22,000 1,821,600
Pipework and ascillaries ilem 15% 273,240
Sub total Chemical builging § | e o 2,004.840 |
Otitco/Slere/Workshop
All in buildirg cosls m2 2.277.000
Add for fumnishings etc itern 15% 341,550
Sul total Admin Building 2,618,550
Pumplng statlon
Excavatlon
Normra! excavalion m3 157 350 55.037
EOC for rock excavation m3 75 1,500 112.320
Concrote “all In prices” - -
Concrete 3020 inhase slab m3 25 20000 AG4.205
deinwatls m3 54 20.000 1681520
Allin building costs m2 124 22,000 2,724,480
Plpawork item - 20% 263,593
Pumpz nr 2 1,175,947 2,351,805
Ancitlaries item 15% 670,195
{ Pumping Slation 8.383.647
$ludga concentratars Depth .. 4 m
Excavetlon
Norenal excavation m3 a3 as0 31,700
EO for rock excavation m3 45 1,500 67,929
Concyete “sli kn prices™ - -
Conctate 30720 in base siab m3 a1 20,000 . 815,149
do inwalls m3 G7 20,0060 1343973
Pipawerk tarn - 10% 225875
Anclitarles e 10% 225 875
Zub tolal Sludge concerlialors {3 2,710,502 |
Sludge drylng Bedo
Excavation
Nermal excavation m3 74 350 27.720
EQ ior roch excavation m3 13 1.500 19,800
Sand bed m3 30 1,200 36,000
Concreto "alt In prices” . .
Corciele 30/20 in base slab m3 26 20,000 726,000
do inwalls ™3 12 20,000 368,000
Plpework Inc.dralnage item - 25% 294,380
Anciiiarlos item 10% 117,752
Sub o1k Sludge drying beds|{8) or 1.589.652




Table L-19 Isiolo Water Supply Bill of Quanlities

DESCRIPTION Unit Quantily Rata Amount
Dam Hiver lntake
Excavation
Normatexcavation m3 54 000 175 9,450.000
£0 tor rock excavation m3 22 500 1.000 22 500,000
Rockii mi 459 600 1,630 713.170,000
Frer'drainage materiat m3 63,850 1.550 108,712,500
flip-rap snd underlayers m3 45,900 163c 74.817.000
Grout cuntath tem - 9,000,000
Concrete “all In prices™ -
Congretg m3 1.650 12,000 23.400.000
Bridge em - 15.030,020
Drawct worke
Concrete intover -y 500 12400 6,600 000
Pipeioti fter 3.000.000
Access brage item 10,000,000
S|taworka dem 25.600.000
Anclliarles item 10.000.00G
Conlinganclen tem 229,000,000
Sub lstal_intake 1,373 054,500
Raw ¥ater Pipeline
300 dia steelpipe m 1,108 B.464 7.805.312
250 dia steelpipe m 2110 5,357 11.303.270
Sub lotal_raw water pipelne 18,908.562
Treatrment Plant
Site worke
Sne clearance m2 8,460 is 126 600
flvads m2 1z 250 420,000
fence - 1.50¢ -
Sch tolal Site werks 546,000
Horlzonts! Sodlmentallon Tanke
Excavation
Nermal excavaton m3 1.408 a50 492655
EC for rock excavalion m3 670 1500 1005480
Concrata "ali In pricea”™ - .
Corncrele 32420 Inbase stab mi 221 20.000 4,424,112
flo inwals m3 an Z0.000 7.416.680
Pipowork rem - 15% 2001,174
Anclilarioa Er 15% 2001,174
Sub totat Hornizomtal Sed Tark | {4) [ 17.343,501
Repid Sand Filtore
FExcovatlon
Normal excavatan md 624 330 218.400
EO tor 16k excavation m3 60 1,500 382,000
Meda inc. gravel m3 83 1.500 122750
Concrets “all In pricas” - -
Concrele 30720 inbase shb md 72 20,000 4,430 000
do inwals m3 316 20.000 6.325.000
Pipework lem - 40% 3.294 860
Anclllarles tem 0% 25458,145
Sub tota! Rapid Sond Fkers | (5) R = 4,478,155
Cloar Water Storage
Excavatlon
Notmal excavalon m3 840 350 253.933
EO tor rock excavation m3 233 1.500 349.920
Conarste "a?l [n prices™ - -
Corcrete D120 inbase stab m3 154 20,000 3.0670.296
do inwals m3 169 20.000 3378.240
Plpsowork tem - 5% 1,065,208
Ancillarlen item 15% 1.055.208
Sub total Clezr Water Beseryolr(s) {2} [ T 0,231,605
Bulldings
ChemicaliLeboratery
Allinbuiding costs mZ 83 22.000 1.821.600
Fipework ard ancitaries ftem 15% 273240
Sub total Chemical building: 2,094,840
OlliceStereYorkohop
Aflin butlding costs m2 104 22000 2,277.000
Add for furnishings ete nem 15% 341.530
Sub totat Adirin Buikding 2,618,550
Purbing statlon
Excavatlon
Harmal excavation m3 240 350 83.B49
EO for tack excavation m3 114 1,500 11120
Conerete “ell in pricos™ - R
Concrela 30720 inbase shab m3 EL 20600 752828
doinvals m3 75 20.000 1.491.000
AR inbulkkrg costs m2 124 22,000 2,724,480
Pipowvork dem . 20% 1.044.675
Purmpo rr 4 1.344.417 £.088.533
Anclitarlos ilern 15% 783507
Sub ictel Pumaing Staton 9,740,392
Sludgo conoentrators Depth o oo e e 4
Exeavation
Normal excavation m3 153 350 50,173
E¢D for rock excavation 3 72 1500 07.513
Concrete “all In prlcea™ - -
Concrete 30/20 inbase skab m3 65 20,000 1.290.158
do niwalks md &5 20,000 1,690,805
Plpawoerk tem 10% 313.865
Anclilesles item 10% 3138865
Sub tolas Shidgs concanratars {{3) 3,756,378
ISlrdgs diving Beds
Excavation
Honnat excavation m3 145 35 50,820
£0 for rock excavatan m3 24 1,560 36.300
Sard bed m3 60 1.200 72,000
Conrete “all ko prices” - -
Concrete 30/20 In base skb m3 &7 206,000 1.331.000
do invals m3 24 20.000 483,000
Plpawerk Ine.dralnege item - 25% 493 280
Anzlllarlen item 0% 197312
Sub totat Sudge drpng beds | (8] nr 2663712




Table L-20 Chuka Water Supply Bill of Quantitics

BESGHIPTION Untt Cuantity Rate Amount;
Intaks
Sia clearance m2 G600 35 21,000
Excavation
Normal axzavation m3 400 as0 140,000
EOQ for rock excavalicn m3 200 1,500 300,000
Bark protection m3 400 1.630 652,000
River diversion ftem 5,000.000
Roads m2 28.000 350 9,800,000
Concrete *all in prices” .
Conerete 30/20 in bese slab m3 140 12,080 1,680,000
do inwalls m3 20 12,000 240,600
Sub tolaf,_irfaie 17,833,000
Rew Water Plpeline
250 dia steel pipa m 3.109 5,357 16.506.760
200 dia stee! pipe m 5.633 3,984 22,441,872
Sub tolal, raw water pipeline 39,648,572
Trestrent Plent
She works
Site clearanca ma 8,400 as 294,000
Roads m2 G.000G 350 2,100,060
Fence m 380 1,500 570,000
Subtatal, SHa works 2,964,000
Horlzonte) S edimentation Tanks
Excavation
MNormal excavation m3 1,408 350 492,685
EO for sock excavatlon m3 570 1,500 1,005,480
Concrets "all In prices” - -
Concrete 30720 In base sfab m3 21 20,000 4,424,112
do in walls m3 an 20,000 7.418,880
Plpawork item - 15% 2,001,174
Anclliarles ilem 15% 2,001,174
Sub total Harlzoral Sed. Tank |{4) or....... 17,343,504
Ropld Sand Flters
Excavatlan
Norma! excavalion m3 624 350 218,400
EO for rock excavation m3 268 1,500 390.000
Media inc, gravet m3 B3 1,500 123,750
Concrete "sH In piicos™ - -
Congrete 30720 in base slab m3 72 2000 1,430,000
do inwalls m3 316 22,000 5,325,000
Plpowork item - A0% 3.294 .86C
Anclilarles itern 30% 2,546,145
Sub teral Bapid Sand Fiters | (5) L, PP S 14,428,155
Clear Watsr Storage
Excavatlon
Moimal excavalion m3 840 350 293,933
£0 for rock excavation m3 233 1,800 349,920
Congrate all I prices” - -
Conctete 30720 in base slab m3 154 20,000 3,079,296
do inwalls m3 169 20.000 3,378,240
Plpowork item - 15% 1,085,208
Anclilaties fem 5% 1,085,208
Sub tolat Clear Water Reservolr(s) | (2) 9,231,805
Bulldinge
ChomlcalLaboratery
Al in butding costs m2 83 22.000 1.821.600
Pipework ard anciilaties item 15% 273.240
Sub ttal Chermical budding 2,094,840
Tiflce/Storo/Work=hop
Allin buitding cosis m2 104 22,000 2.277.000
Add for furnishings ele item 15% 341,550
Sub gtal Admin Building _ 2.618,550
Pumping station
Excavation
Hormal excavation m3 240 350 83,849
EOQ for rock excavetion m3 14 1,500 171,120
Congrets "all Iin ptlicos” - -
Concrete 30/20 in base slab n:3 36 20,000 752.928
¢o in waile m3 69 20,000 1,371,720
Al in building cosls m2 124 22,000 2,724,480
Plpowork item - 20% 1,020,319
Pumgps nr 2 1.344.417 2.686.833
Anclilarles item 15% 765.615
Sub fotal Pumplng Station 9,579,364
Sludge concoentrators Depth ... 4
Excavation
Normal exxzavalicn m3 143 as0 50,173
EQ for rock excavalion m3 72 1,500 107,513
Concrete "all In prices” - .
Concrete 30/20 in base slab mi 05 20,000 1,290,158
do inwalls m3 85 20,000 1,680,805
Pipowork item - 0% 33,865
Anclitarles item 10% 313,865
Sub lotsl Sludge concarirators ({3} LSOOI 3,766,379
Sludge drying Bede
Excavatlon
Normal excavation m3 145 350 50,820
£0 for rock excavalion ma 24 1,500 36,300
Sand bed m3 [o] 1,200 72,000
Concrete “all in prices” A i
Congrele 30/20 in base sfab m3 67 20,000 1.331,000
o inwalls m3 24 20,000 483,000
Plpework Inc.dralnege item - 25% 493,280
Anclliarias itern 10% 197,312
Sub {otal: Slifqe diying beds| (8) nr 2,663,712
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Table L-21 Chogoria Water Supply Cash Flow

DESCRIPTICN Unit Quantlty Rate Amount
Intake
SHe clearance mz 800 35 21,060
Excavation
Nermai excavation m3 200 350 70,000
EQ for rock excavalion m3 . 100 1,500 150,000
Bank protection m3 240 . 1.620 391,200
River diversion itern - 1.600.000
Aoads m2 24,000 350 8,400,000
Concrete “all in prices™ -
Cornciete 30/20 in base slab m3 18 12,000 210,000
do inwalls m3 5 12,600 60,000
Sublolal, inlake 10,302,260
Raw Water Pipeline .
200 dia steel pige m 4,654 3.984 18,541,536
Sub total, aw water pipehng 18,541,536
Treatment Plant
Sihe worke
Site clearance m2 8,400 35 294,000
Roads m2 4,000 350 1.400,000
Ferxce m ) ago 1,500 570,000
Sub tolal, Sie works 2,264,000
Horizontal Sedimentation Tanks
Excavation
Normal excavation m3 1,105 350 386,845
EO for rock excavation m3 526 1,500 789,480
Concreto "l In prices” - -
Congrele 30/20 in base slab m3 174 20,000 3.473.712
do in walls m3 azs 20,000 6.491.520
Plptwork item - 15% 1.671,234
Ancillarles itemn 15% 1.671.234
Sub tetal Horizontal Sed. Tank|(4) Voo oenems s sem s engenar 14,484,024
Hapld Sand Fliters
Excavatlon
Normal excavation m3 62q 350 218,400
E£O for reck excavaton ma 260 1,500 360,000
Media inc. gravel m3 83 1.500 123,750
Concrote "all In prices” - -
Concrete 30/20 in base slab m3 72 20,000 1.430.000
do in walls m3 316 20,000 $.325,000
Plocwrark item - a0% 3.394.860
Anclllertes item 0% 2,546,145
Sub lotal Rapid Sand Filters | (5} ne . . 14.428.155
Claar Water Storegs
Excavatlon
MNormal excavation m3 6350 350 227,430
EO for rock exsavation m3 181 4,500 270750
Concreto "all In prices” - -
Conicrele 30720 in base slab m3 119 20,000 2,382,600
dainwalls m3 147 20,000 2.947.680
Plpework item - 15% 874,269
Ancillarlag itermn 15% 874,269
Sub jolai Clear Water Reservoir(s)| (2} [ PR 7,576,998 |
Bulldings
Citornlcal/Laboratory
Ailin buliding costs mz2 83 22,000 1.821,600
Pipawork and ancillaries item 15% 273,240
Sub tola! Chermjcal buiiding . 2,094.840
Oiflce/Store/Werkshop
Al in buildirg costs m2 104 22,000 2.277.000
Add for furnishings elc ilem 15% 341,550
Sub total Agmin Building 2,618,550
Pumping ztatlon
Excavallon
Noima! excavalion m3 187 350 65,621
EO for roci excavation m3 B8G 1.500 133.920
Concrets "all In prices” - -
Concrete 30/20 in base slab m3 26 20,000 589,248
do Inwalls m3 59 20,000 1,178,520
Allin building cosls mz2 124 22,000 2,724,480
Pipawork lem . 20% 938,358
Pumnns nr 2 1,245,155 2,490,370
AncHlarlas item 15% 103,768
Sub telal Fumgping Station 8,824,225
Siudga concentratora alm
Excovation
Normal excavalion m3 1s 350 40,409
EC far rock excavalion m2 58 1,500 86.590
Concrete "all {n prices” - -
Corcrete 30/20 In base slab m3 52 20,000 1.039.082
do inwal's m3 76 20,000 1,517,389
Pipeawork itern - 10% 268347
Anclilaries itern 10% 268,347
Sub 1plal Sludge concentrators [{3} W aeeyerensseimss sens amimsics nsoam 3,220,184
Sludgs drying Beds
Excavailon
Normal excavation md 19 350 41,580
£G fer rock excavation m3 20 1.500 29,700
Sand bad m3 48 1,260 57,600
Concrete "wli In prices” - -
Concrete 39/20 in baseg stab m3 Sd 20,000 1,089,000
do inwalls m3 22 20.000 437,000
Plpework Inc.dralnage itern - 25% 413720
Ancilizries itern 10% 165,485
Sub tolal, Siudge drying beds [ {8} nr 2,234,088




‘Table 1.-22 Maua Watcer Supply Bill of Quantities

DESCRIPTHON Unh Cuantity Rets Amnourt
Intake
She clearance m2 50 35 1,750
Excavation
Normal excavation m3 20 350 7,000
EQ for rock excavalion m3 10 1,500 15,000
Bark protection m3 20 1,630 32.600
Rivet diversion item 20.000
ARoads m2 200 33 70,000
Concreto "afl In prices” -
Gonerete 30720 In base slah m3 5 12,000 £4,000
do in walls 3 3 12,000 36.00G
Sub 1olal, intake! 236,350
Faw Water Plpaline
150 dia steel pipa m 400 2763 1,908,200
Sub total, raw watar pipeline 1,105,200
Troatment Plant
SHe works
Sde clearance m2 8,40 35 294,000
Roads mz 1.600 350 560.000
Fence m 340 1,500 570,000
Sub fotal,_Site waorks — 1,424,000
Horizontal Sodimomtation Tenks
Excavatlon
Hormal exzavation m3 553 350 193,423
E0 for rock excavalion m3 263 1,500 394,740
Conereta "allin pricas” - -
Conerete 30220 in base siab n3 87 20,000 1.736,856
da in wabls m3 162 20,000 3,245.760
Plpewoth item - 15% 835617
Anclilarles ilern 15% 835617
Sub total Hotizontal Sed. Tank [(2) Tl esn s e 7,242,012
Rapld Sand Fliers
Excasvallon
Hormal exxavation m3 3ic as0 110,678
EO for rock exnavation ma 132 1.500 167,630
Media nc. grave! m3 40 1,500 59,670
Concrete "al In pilces” - -
Concrete 30/20 in base slab m3 06 20,000 724,680
do inwalls m3 173 20,000 3,450,000
Plpawork tern - A0% 1,817,067
Anclilatlos tam 30% 1,362,801
Sub tulal Rapid Sand Fiters {3} 7,722,536
Clear Water Storags
Excavalion
HNormal exravalion m3 a8 350 111,334
£0O for togk excavation m3 88 1,500 132,540
Concrets "all In pricaa” - -
Concrata 30/20 in base slab m3 58 20,000 1,166,352
do in walls w3 73 20,000 1,457 280
Plpework tem - 15% 430,126
Ancllfarios iem 15% 430,126
o S 3,727,757
Bulldings
ChomlcalLaboratory
Al int building cosls m2 69 22,000 1,518,000
Pipework and ancgillaries itern 15% 227.760
1,745,700
Ofilco/Store/Workshop
All in building costs me 23 22.080 1,521,600
Add for furnishings ete item 15% 273,240
2,094,840
Pumping atation
Excavation .
Naormnal excavalion m3 157 350 55,037
EO for rock exavalion m3 75 1.500 112320
Concrote "all in prices” - -
Congrele 32720 1 base stab mI 25 20,000 494 208
dein walts m3 54 20.000 1,081,820
Allin building costs mz 124 22.000 2.724.480
Plpavork itam - 0% 263,593
Pumps nr 2 1.344,417 2,6£8.833
Anclllaries nem 15% 670,195
Sub iotal Pumging Staticn 8.720,586
Shudge concenlratorz Depth e, 4
Excavation
Normat excavation m3 64 350 22,519
O far tock excavalion m2 a2 1,500 48,255
Conciele “all In prices” - -
Concrete 20720 in base slab m3 29 20,000 579,058
do inwalls m3 46 20.000 924,865
Plpevrark item - 0% 157,472
Ancillarios itern 0% 167,472
Sub lotal Sludge concenjrators, |(2) L2 U 1,889,660
Sludgs drylng Boda
Excavatlon .
Normal excavalion m3 59 350 20,790
EOQ for rock excavalion m3 10 1.500 14,850
Sard bed m3 24 1,200 28,800
Concrete “all In prices” - -
Gonctete 30420 In base slab md 27 20,000 544,500
do inwalls m3 1 20.000 218,500
Plpewark Inc.dralnage item - 25% 204,860
Ancillatles itern 10% 82,744
Sub lotal: Sludge dryi nr 1,317,044




Fable 1.-23 Tigania Water Supply Bill of Quantitics

DESCRIPTION uUpit Guanthty Rate Amount
Intzke
SHe clearance m2 400 35 4,000
Excaveatlon
Normal excavalion md 64 350 22,400
EQ for 1ock excavation m3 3z 1,500 48,000
Bank protection m3 80 1,630 130,400
River diversion itemn 100.00¢
Foads ma 20.000 350 7,600,000
Concrote "all In prices” -
Concrete 30720 in base slab m3 i5 12,000 180,000
do inwalis m3 5 12.000 60,000
Sub loinl. _intake 7,554,800
Raw Water Plpelino
2506 dia sleel pipe m 5,000 §.357 26,785,000
Sub {plat, raw water 26,785,000
Trootmant Pland
Slie works
Sitla cleatance m2 8,400 35 254,600
Roads a2 4,000 350 1,400,000
Fence m 380 1.500 570.000
Sub tolal, Sig works 2,264,000
Horizomtnl Sodlmontation Tanks
Excavallon
Normal exzavation m2 1.408 350 492,655
E£O for rock excavation m3 670 1.500 1.005.450
Concrete "all In prices® - .
Congrete 30720 in base slab m3 221 20,060 4,424,112
do i walls m3 a7 20,600 7,418,880
Plpework item - 15% 2001174
Ancillaries tems 15% 2,001,174
Sun total Horrontal Seg. Tank{4) ) [T [ 17,343,504
Rapld Sand Flitors
Excavalion
Normal excavation m3 624 330 218,400
EO for rock excavalion 3 250 1,500 393,000
Media inc. gravet m3 83 1,500 123,750
Concrete “ail in prices” - -
Concrete 30/20 in base slab m3 72 20,000 1,430,000
do inwalls m3 316 20,000 6,325,000
Plpewnrk item - AG% 3304860
Anclliarlos item 30% 2.546,145
Sup tolal Rapid Sand Fillers | {5) Fif arseemesnssnrseaciogsnes ez sas e 14,428,155
Cloar Wator Storage
Excavailon
Normat excavation m3 461 50 161,280
£0 for reck excavation m3 12e 1,500 192,000
Concrate "all In prices” - -
Conerele 30/20 in base slab m3 84 20,000 1,689,600
do inwalls m3 123 20,000 2,450,880
Pipovwork item - 15% 674,064
Anclllarlsa qem 15% 674,064
Sub 1otal Clear Water Resetvoir(s} () T secisisscacegies siamsenseaee s - 5,841,8@_‘
Bulldings
ChemlcalLataratory
Allin builcing cosls ma B3 22,000 1.821.600
Pipewsork and ancillaries e 15% 273.210
Sub kotal Chemical building 2,084,840
GitlcoStere/Workehop
Al in uilding cosis m2 104 22000 2,277,030
Add for furnishings ele ilem 15% 341,550
Sub Admin Building 2,618,550
Pumglng statlon
Excavation
Normal excavation m3 240 a50 83,849
EO for rock excavalion m3 tia 1,500 171120
Concrete “all In prices” - -
Concrele 30/20 in base slab md 28 20,000 752,928
da inwalls mJ 69 20,000 1,371,720
Allin building cosis m2 124 72.000 2,724,480
Plpawork itern - 20% 1,020,819
Fulnps nr 2 1,344,417 2,688,833
Anclliarles em 15% 765615
Sub iotal Punping Station i A 0,579,264
Sludge concenirators [T 1 N 4 [ m
Excovatlon
Normal excavalion m3 143 350 50,173
EOQ for cock excavation m3 72 1.500 107.513
Concreto “ali In prlces” - -
Concrete 30/20 i base slab m3 65 20.000 1.290.155
do in walls m3 : 13 Z0.000 1.690,805
Pipowork itern - 10% 343,865
Ancillarles em 10% 313,865
Sub tola! Sludge concantratgts L{3) [ SO 3,766,379
Studge drying Beds
Excavation
Notrnal excavation m3 145 350 50,820
£0 for reok excavalion m3 24 1,500 36.300
Sand bed m3 60 1,200 72000
Concrete “all In prices® - -
Concreta 30720 in base slab 3 67 20.000 1,331,000
da inwat's m3 24 20.000 483.000
Plpework Inc.dralnage itermn - 25% 403,260
Ancilfarles item 10% 187,312
- i T 2.663,742
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Unit Consftruction Prices

Notes o Ferelgn/Local curieacy hreakdown
Exclange fate... | Lar- ‘.’JTi . HUS S = I 56 |Shs Cosl Broakdown %F (%L {%Tax
Preliminarles and Genaml Items are NOT includcd within ke followlng rates 1. Forelgn materals....... | 90%{10%) 0%
Costs of Imporicd materlals are assumed to be Tax fres, 2. Local maledals... J15% | T0% 15%
Tax on sataries, fusl costs and local materials have been included 3. Labour. . 5% 715%| 20%

4 Construction plant ... B85%| 5%| 10%

General ltems Unit flale Shs  |Malerals [Lab [PInt { [%F (%L |%Yax

%F %L

fmd 350 | 0%] 0%|75%|25%] [25%[58%| 18%
- m3 1,500 | D%! 0%|50%50%] [45%(40%| 13%
...{m3 175 ) 0%| 0%|25%]75%) [65%[23%] 13%
—-{m3 1,600 | 0% 0%|20%]80%; [69%19%( 12%
..fm3 310} 0% 0%(20%]80%] [69%|19%| 12%
{m3 1,550 | 0%| 0%|25%|756%) [65%|23%| 13%

General excavalion in normal malerlal nol exceeding 3 Om depth...
EO for rack...

Earthworks for :Iams Soﬂ
Carthworks for dams - Rm.k
Eartafilf for dems..
Fifer/drainage material for dams .,

Rip rap matertal for dams ................ m3 1,630 | 0% 0%([20%)80%4 [69%; 19%| 2%
Concrete Class 25 ... M3 B.G0OD § 0% B2%;14%| 4%| [16%68%; 16%
Cenciete Class 30 .............. L.im3 12,000 [ 0%183%]13%| 4% |17%{68%] 15%
Mass conciete for dams ... ...{m3 6,000 ] 0%j80%|15%, 4%| 116%|68%] 16%

Reinforeamant .. ..ftonna 65,000 |80%|10%| 9%| 1%]| 175%(22% %
Formwork F1 . Jm2 475§ 0%[10%| 77%|13%] | 16%|65%] 18%
Formnwork F2Z . qn2 7501 0%]14%§73%|13%| |17%]65% 18%
Blockwiork walling ... Jrn2 1,200 | 03%[10%[B0%{10%] {14%]68%] 19%
“Alf in” cosl {or relnforced GONCTEte L. .{m3 20,175 [ 25% 1 45% [ 25%| 5% [35% 53%| 12%

Plpework
Assumpitons Type of pipe.. uPvC Steel DI
Manuiacturers aiscount...... ..o 10% 0% 0%
Tax and dulies .. R 156% 15% 15%
Taansport and handiang 5% 15% 20%F 0% 0%|20%180%| |69%|19%| 12%
Waslage _. Ya 1% %
Pipe lrem:h wldlh 700 rnm + nominal dia.
Average trensh depth 1200 mm + nominal dia.
Average rock excavation . 10%
Valves & spacials - Add 1o "All in” pipe cosls 15%
uPVC Plpelines Materlals dellverad to sile "Al In” plpe costs Curiency breakdown for 12 bar uPvC
Tiench| lay, jeinl uPVC uPveC ubPvC uPvC uPve uPveC uPvC uPVCliMaleiials |Lab {PInt | 1%F [%L %Tax
e Dia Excav'n atc 6 har 9 bar 12 bau 45 hat G L 9 bai 12 bar 15 bar|%F |%L
- mm Shsim Shs/m Shis/m Shs/m Shsim Shs/im Shsfm Shs/m Shs/m Shsfme
63 452 40 75 125 155 200 697 647 677 22| %) 14%:58%19%] [30%]53%| 16%
a0 510 60 187 242 298 365 157 812 868 9350 14% 21%[ 49% 1 16%] [32%[54%]| 15%
110 531 §0 252 362 442 562 843 953 1033 $153017%[26% | 43% [ 14% | 134%(53%| 14%
169 585 100 505 147 943 1155 1194 1432 1628 1840]23%135% | 32% [ 11%| [37%[51%] 13%
225 659 140 1008 1380 1825 2104 1799 2179 2624 2003{28% [ 42%]23%| 8%| |39%|50%| 12%
280 TH 180 1450 2125 2504 3262 2355 3030 3409 4167329% | 44% | 20%| 7%| |40%149%! 11%
315 769 200 1837 2660 3374 4124 2606 3629 4343 5093]31%| 479 17%[ 6%| |41%]49%] 11%
4060 &80 280 3074 4374 4234 5534
Steel and DI Pipelines Materlals delivered 1o site “All I e costs
Trench| Lay, joint Steel 2] Steel DIfCurency breakdown for Steel pipes
Excavn sic Materlals  |Lab {PInt %F %L (%Tax
Shs/m Shsim Shs/m Shs/m Shs/m Shs/miwF %L
dia
30 499 70 1235 1004
100 520 90 1115 1518 1725 2128339%126% | 27% | 9% 14B%(42%] 10%
150 o974 140 2049 2285 2763 29991 44% | 30% | 19%| 6%| 151%[40%] 9%
200 630 200 3154 3080 3984 39101 48% | 32% | 16%| 5%| [53%|39% 8%
250 689 260 4408 a073 5357 5022]49%|33% | 13%| 4%| [54%|38%1 8%
00 750 320 5794 5166 6864 6236 61% | 3d8:112%] 4% (95%|38%| 8%
350 814 380 7301 6386 8495 7580]52% | 345 1% 4%] [595%| 3% 8%
400 880 450 8921 1663 103251 8993}529135% | 10%| 3%| 155%|37%| 7%
450 949 510 : 10036 5097 11495 10556 52% | 35%! 10%] 3%| [56%|37% %
o0u 1020 980 11152 12762 52%|35%1 9%t 3% [56%{3IT%]| T%
Reservolrs
Capacity {m3) 50 100 150 200 250 300 400 500 750
“Allin” cosls 550,000 | 780,000 | 940,000 | 1.070000] %,280000] 1.520.000| 1,940.000 2,350000 3,350,000 125% | 45% 1 25% 5%| {35%|53%) 114%
Casti/m3 11,000 7.800 6,267 5,350 5,160 5,067 4,850 4,700 4,480
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Meru: Water Supply Cost estimates

1. Phased Investment Costs ]F);char\ga rate. ... 1U3S= £6|KShs Phasé1. ... ... o . 19928{Phase 2 e . 2005
Descnption Urni fate Cral Cam Pipes Civiy E&M Pipes
Element dia (mmjf Size uss$ Guanuly Jus$x1060_ |USSx100Qus 551060 1Quanbly us £x 1.000/US $x1 confus $x 1000
Renabubtaton item 179 179 1429
ke em 22490
Raw pipcine 505 i dia steel pipe m 2277 | B82S 1,326.4
Treatmenl 10,600 m341 capacily plant 4 Ba9,017 1 ans7 142 4 .
10.00C m3/d expansion s 703,083 K €67.9 a5z
Slaff housing «w 35.263 3 105.8 1 5.3
Office 168 m2 ficor arca m2 445 162 750 - -
Resepvoirs 4,500 m3 raservonr ns 360,000 1 won Al 360.0
750 m3reservor nr 60,000 3 180.3 2 1290
4G9 m3 reserveir nr 34.643 2 693 z 693
3 m3reservot nr 27,143 - - 2 543
250 m3 resenvolr nr 23036 1 230 ) 152
200 m3reservoir nr 19,107 1 161 3 573
150 m3 reservoir o 16,736 - - 3 504
100 m3 reservair nr 13,929 - - 2 279
Transmssion 400  mm dia stesi pipe m 183.1 3860 6956 -
350 mnxdia slsetpipe n 1517 | 6.800 1015 -
315 mmgiauPvC (12 bar) m 7B BEDD [Githed -
280 mmdia wPVC {12 ban) m 619 5,820 2531 -
225 mmdia uPVC (12 bar} m 469 | 11,800 5529 7.200 3374
160 mm dia uPVC {12 ar) m 2890 1 12500 3739 24900 7217
110 mn dia UPVC {12 bar) m 184 200 1513 -
90 mmda uPvS (12 bar) m 158 3400 527 -
Ancitarizsicontngeniies 5% 2821 24.0 009 2338 53 1589
Pregminaries | 15% 3244 2.6 9211 2687 5.1 1827
Tolal 2,487.3 211.8 70614 ;20598 46.5 1,406
Totel phased costs [ Phasedi. ... . . 9.7606 § PhaseZ. . . 3506.3
2. Annual Investmeant Cests
Antnual 10 rom dra OPVC {12 bar}) 0 18446 | Z630 49 2650 49
distribution 83 mun diz uPVC {12 ban) m W50 | 2010 2 2.010 31
ipas 63 mmaa uPVG (12 bar) m 12 089 3000 35 2.000 24
Total 116 104
3. Transport purchase costs USSx1.000 1853 00
Salgon car rf wa 1 18 1 18
AW vehicle nr 625 1 63 % 63
Pickap nr 214 2 43 3 64
Loy nr 1071 2 214 2 214
Transport Cavil E& Fipes
4, Annual O&M costs and [Anrsal O&M costs as % of investment costs.. . 20% 100%] 400% £.00%
Econontic life ]Economc dlecfessels .. . .. . .. . & 39 16 30
5. Powier costs 1588 [Fired  |varabte [ 2005fFuwed vonawe
Power arift {Ocl 1983) ] Pover Reqsrements.. . 20 20 1 ] 26 | 20
Untenargycost. . . . ... JUSSAml 0.03
Fired charge per menth . o Jussarants 786
KVA demand chargs .. . e oo oo - JUSSATER 4 46 oy
6. Human Resources Costs Ralefyr 1398 2005 T
US3x1000 fTwes 1 [ TWes? Distn USIx1.0500 [Tvwks 1 1TARs2 | Disin U$Ex1.000
Engneer { Shefyr s8¢ 1 3286 1 358
Engineer I ShsiT 321 2 643 2 543
nspecior Snsfyr 236 z 3 11.79 2 1 3 14.44
Senior Operalor Snefr 129 2 1 4 900 2 1 il 1529
Gperalor Shsir .95 2 2 3 868 2 2 9 8E8
WatchmanvLine patrai nanClerks Shetr .64 3 3 20 16.71 3 4 29 2314
Shshr 56 46 ©6.54
7. Chemical Costs 1335 Dosage (rngh) Costhal 2003 Dosage {ingh Costin
Atum 0 4000 [H] 0,030
Chigring 2 o3 2 0033
Soda ash 8 9 0.660 o 0.000
Tolalchemical Cosiperm3. .. .. .. .. . N e e e e C013 0.913
8. Annual Projeciion of Costs Incram- [ Annval 1ucurrent costs
Year |Populatien |Waler |PopulatoniVWaler ental Treatment Ppes Transport Tolal 0&M Powor Labour |Trensport|Chemmealq Total Total
Dernard (Goverage [Supphed  jsupply  {Civil E&A rvestment {Cosis Cosis Recurent (Cosls
mid % m3r1 M2 U551 060 |USEs 1.680 [USS. 3650 LI5S 1 1 GPFUES € 1200 JUSEx1.000|USS A 1600 |USSx1.000{USS 2 1000 |US$x 100 [USSX 1056 {USSx 1,600
@] 6] ) 5] (%) & ) @ i) T I ) (1) 04 | 18 (15 iG] o7
1997 165920 | 10302 38 3,194 -
1995 171806 ;1 11298 5% 3253 2,487 212 7.081 338 10.0%25 Q l) 10,033
1999; 177657 | 12,481 0% 3,654 116 116 05 14 58 65 2 245 362
Z0DO| 482527 | 13183 5%, 4016 118 116 165 15 56 €8 6 253 263
2001 189,554 | 13974 a0z, 5539 116 116 107 15 a6 6B 1% 257 374
2002| wd/AY | 14794 45%: 6657 116 16 103 1a =6 68 16 284 380
2003 202094 | 15549 50%, 7,624 116 353 475 11Q 16 67 72 21 285 761
2004 Z08618 | 15,541 ' 9097 116 116 i 17 67 72 27 293 409
20051 215318 | 17,470 10.482 Z 1060 A6 1401 3.507 147 7 67 iz 33 336 3,243
2008 222.19% | 13.438 12,523 104 104 143 13 &Y iz 43 248 452
2007 228,268 | 19447 14,779 104 104 143 12 67 7z a3 360 464
20081 226531 | 20496 17,217 14,023 212 104 358 675 159 20 67 TZ 64 382 1,057
203 243996 | 21589 ! 19,861 | 16,668 104 104 169 22 er 2 76 396 500
2010] 251668 | 22725 100%: 227261 1953 104 104 1561 231 €7 7 83 41 516
201%1| 251668 | 22,725 109%) 72425 | 3e531 104 104 162 e 72 88 a52 517
012| 251,668 | 22,725 100%1 227268 | 1954 i04 10 163 3 &7 72 89 413 518
2013 251668 | 22,725 109%| 22725 1951 104 359 463 164 23 &7 T2 a9 415 a78
2014 251688 | 22725 106% 19,531 164 104 165 23 &7 iz 89 116 520
2015| 251.688 | 22.72% 100% 19.531 46 104 151 168 2 &7 72 39 418 569
2016| 251,668 | 22,725 100% 19.531 04 1064 169 23 &7 72 89 420 624
7017| 251683 | 22,725 1006% 19531 | (2,148 (50} {(3.863)] -(7T)] -(6163) 106 23 67 72 ag 355 | -{5.806)
Malze: Residual values in {bracketsy
9. Net Prasent Values myx 1065 | usse1cco USEr 1000 |UsSSx 1890
15% w2aoe| T ] T 10,432 1,661 12,033
1 17335 10.8%1 2,076 12957
24823 11.26% 2,660 13,955
25,450 11572 3,504 15,076
10, Average Incremental Costs (Shs/im3} USSm3 USEin3 | USEm3
15% 0.84 013 098
1 063 0.12 075
0.46 (R E] .56
5% 032 0.10 0.41
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BILL OF QUANTITIES - Summary

Feasibility Stedy

Exchange rate ShaTIS S..ovi i e 56.0
Itern  [DESCRIPTION Phase Phase Phuse 1 Phase 2 Phuse 1 Bhase 2
2 KShs KShs Uss Us $
Summary
Rchabilitation 10,007,200 178,700 -
Intake 12,551,175 224,128
Raw water pipeline 74,280,400 1,326,436 -
Freatment plant 53,144,962 39,372,650 949,017 703,083
Statf housing 5,925,000 1,975,000 105,804 35,268
District Offices {168m2(@25,000) 4,200,000 75,000 -
Reservoirs - B
4500 m3 1 20,160,000 20,160,000 360,000 360,000
75013 2 16,080,000 6,720,000 180,000 120,000
400 m3 2 3,880,000 3,880,000 69,280 69,286
300m3 2 - 3,040,000 - 54,286
25013 5 1,290,000 6,450,000 23,030 E15.179
200 m3 3 1,070,000 3,210,000 19,107 571321
150m3) - 3 - 2,820,000 - 50,357
100 m3| - 2 - 1,560,000 - 27,857
Transmission mains 216,729,200 39,305,500 3,870,164 1,052,027
Add for ancillaries and contingencics 61,997,691 2327301 1,107,102 397,750
Add for preliminary items 71,297,344 25,615,068 1.273,167 457412
Fotals 546,612,972 196,382.1%4) 9,760,946 3.506,825
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BILL OF QUANTITIES Feasibility Study
Item {DESCRIPTION Unit Quantity Rafe Amount
1 [Intake
EXCAVATION -
Excavation - pipehines (incladed in all in rate) m -
[xcavation - Struclures m3 §40 350 294,000
EO for rock m3 840 1500 1,260,000
Gabions m2 - 1060 -
CONCRETE inc formwork and reinforecment - -
Blinding 15/20 80mm thick m3 23 8000 184,000
Conerele 30/20 base i3 63 20175 1,271,025
Conerete 30720 base m3 8 20175 161,400
Concrete 3020 walls 3 68 20175 1,371,900
2175 -
PIPEWORK - -
The following pipos and [ittings - -
1000 dia steel pipe mn 23 26000 598,000
600 dia steel pipe m 16 15300 244,800
Sluice gate 1000x1000 1w 1 120000 120,000
Shiice pate 300x300 r | 40000 40,000
Aceess m2 17,100 200 3,420,000
Add for ancillarics 3,586,050
Total  |Intake 12,551,175
2 [Rehabilitation works 8,002,400
3 |Raw water pipeline 500 dia n 5.825.00 i2752 74,280,400
4 [Phase 1 Pipelines -
Transimission and distsribution mains -
400 dia steel pipeims m 3,800 10251 38,953,800
350 steel pipe m 6,800 8493 57,766,000
315 dia uPVC pipelines m 8,500 4343 36,915,500
280 m 5,800 3409 19,772,200
225 i} 11,800 2624 34,963,200
160 m 12.900 1623 20,936,700
110 m 8,200 1033 8,470,600
90 m 3,400 868 2,951,200
Anciliaries and contingencies 44,851,800
Preliminaries 51.579.570
Total 395443370
% |Phase 2 Pipelines
Transimission and distsribution mains -
400 dia steul pipeling m - 10251 -
350 steel pipe m - 8495 -
315 dia uPVC pipelines m - 4343 -
280 1l - 3409 -
225 m 7200 2624 18,892 800
160 m 24,960 1623 403,412,700
Ancillarics and conlingencies 8,895,825
Preliminarics 10,230,199
Total  [Phuse 2 Pipelines 78.431,524
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BILL OF QUANTITIES

Feasibility Studv

Item |DESCRIPTION Alternative Yull Works Phase 1 Phase 2
KShs KShs
Treatment Phint Summary
| flalet chambue 317,228 317,228 317,228
2 |Floceulmion Basins 4,340,713
3 §Sedimenfation tanks 29,500,328 29,200,328 29,900,328
4 {Rapid sond filters 18.054,841
5 [Slow samad Filters 80,880,688
6 |Chlorination building 850,493 850,493
T |Clear waler reservoir 5,785.491 5,785,491 5,785.491
B [Slhedge concentrators 1.529,525
9 [Sludge drving beds 8.390.801
10 |Administeative building 3,552,247 3.352.217
11 |Chemical building 2.478.750
12 {5i1e works 12.739.206 12,739.206 3,369,603
‘Total for treatment works 93,939,391 53,144,962 39.372.650
Lguivalent costs in US S @i (ShsiUSS) 56 1677493 Qo 01" 703 083
13 {Stall housing (3 o in Phase 1, 1 in Phase 23
3 phase | 5,925.000
1 ur in phase 2 . 1.975.000
Lquivaler costs in US 8 @@ (She USS) o 3o 105,504 35,268
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BILL OF QUANTIHIES Feazibilty Study

Ttem  [DESCRIPTION UUnit QGuantity Rate Amount
FPY {Inlet Structare R
EXCAVATION R
Exeavation - pipelines (incloded in sl in rate) m -
Esvavation - Stiuclutes o3 7 350 2,150
L0 for ok n3 2 1500 3.000
CONCRILTE inc formwwuozk sand reintorecment .
Blinding 1520 30mm thick o 046 2000 4,360
Concrete 19:20 in basc slab m3 2.0 20075 40,350
do in walls m3 R 20175 18,683
PIPEWORK -
“[he fnllowing pipes and fillings m -
500 dia valve ne 1 51000 51,040
300 dia penshck ne 3 51000 51.000
STEELWORK -
Weir plate n 1 16900 10,000
MISCELLANEOUS METALWORK -
Eandrailing m b3 2500 12.500
Add for ancillaries works G416
Total |Inlet Stnzciwere 317,228
T2 | Floccuitation hasins -
EXCAVATION -
Lixcavation - pipetines (included in all in rate) m -
Excavalion - $iruciures m3 314 350 109.900
L0 orrock n3 5 1500 157,500
Campasted [l beneath floor m3 -
[TE] -
CONCRETE e {ormsark and reinforecment -
Blindiug 1520 0w thick m3 B4 5000 67.200
Concrete 30720 in hase slab m3 523 178 1,055.1533
o in watls 300 thick m3 58.5 2T 1,180,238
duo in walls 360 thick n3 176 [ 20178 355,650
MPEWORK -
The falloseing. pipes and littings ur -
GON dia control penstacks nr [ 20000 300,000
150 dia drainage penstocks nr 3 10000 30,000
MISCELLANEOUS METALWORK -
Haundraiting. o0 87 2500 217,500
Add oy ancillaries 268,143
Tolal  [Flocculiation basins 4.340,713
TP3  [Scdimentation tank -
ENCAVATION -
Exeavatiun - pipelines (included in ail in rate) m -
Excavation « Stichires n3 1464 350 862400
120 for rock 3 1,056 1500 1,531,000
CONCRETT. ine termiwork and ecinfercement -
Blimting 15720 &0mm thick el s inoe 431,200
Congcrete 30720 in base slab 3 365.1 20175 11.260.543
o in walls m3 3701 20175 7.-166,768
551 2M75 1,163
PIPEWORK -
150 dia sludge drawoft pipework n 30 2763 138,150
150 dia studge drawofl vahees or L] 21500 26,000
300 «tia drainag pipewek m 40 6864 274,560
300 dia penstock ur 4 31000 124,000
300 diz ouitet nr 1 1000 1,000
STEELWORK -
—:{ Weir plate item 1 50000 50,000
s MISCELLANEOUS METALWORK .
Handrailing m I+ 2500 360,000
Add fur ancitharies 5,980,060
Total |{Sedimeniation tank 29,000,328
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RILL OF QUANTITIES

Feanbilily Stely
ftem  [DESCRIPTION Unit Quanfity Rate Amount
TP4  [Raphd Sand Fifters
ENCAVATION -
Excavation - prpelines (included in all in rate) m -
cavation - Structures In3 798 350 279,360
O for rock m3 532 1500 798,000
Filter sand m3 96 2500 240,600
Gravel n3 44 2300 10,600
CONCRETE ing formwerk and reinforecment - -
Blinding 15720 30aim thick m3 22 soop 176,800
Conerete 30720 in base slab m3 213 20175 4,297,275
do iy walls m3 X 20175 4,801,650
20175 -
PIPEWORK - -
The following pipes and Gitings - -
Inlet pipewaork m 20 6864 137,280
Oullet pipework m kY 6864 137.280
Backwash prpework m 30 10251 307,330
control valves nr 12 36000 432,600
STEELWORK - -
Underdrainage system nr 3 250000 1,600,000
MISCELLANEOUS METALWORK - -
Handratlmg m 72 2500 180,001
Add for arcillaries 5158526
Fotal  |Rapsd Sand Tilers 18,054 841
TPS  [Slow Sand Fillers
(design foading rare of 0.15 nvhin
EXCAVATION -
Excavaiion - pipehines (included in afl m raie) m - -
fixcavation - Struclures m3 9,752 350 3,413,200
RO tor rack m3 3,151 1500 4,876,500
Filter sand m3 1,072 2360 7,650,000
Gravel mi 922 2300 2,305,000
m3 - -
CONCRETE e fermwork and reinforecment - R
Blinding 15720 80mm (hick m3 261 RO0{) 2 ORB,000
Cencrete 30728 in base slab 3 1,626 2175 32804,530
do in walls 308 thick m3 336 20175 L813.800
FIPEWORK - -
‘The foltewing pipes and finings nr - -
Control penstocks nr 1 431000 41,200
150 din drzanape penstocks nr 1 25000 25.000
MISCELLANECQUS METALWORK - -
Handrailing m 263 2500 657,500
Add for ancillanes 16.176,13%
Tatal | Slow Sand Falers 80,880,688
TPG  |Chlorinatlon Building
LEXCAVATION
Exeavation - pipelines (included in all in rate) m - -
xeavation - Foolings m3 16 330 5,600
m3 11 150 3,850
EO for roeck m3 14 1500 13,500
CORCRITE ine formwork and senforeement .
Blinding E5/20 30mm thick m3 3 BOON 24,000
Conerele 30/201n [Goting m3 4 20175 80,700
Conerele 30¢20 in base slab m3 7 20178 141,235
do in watls m3 ] 20173 121,950
- 20875 .
BLOCKWORK (plastering and punting inc} - R
200 Thick bluchwork W 8 1300 127,500
ROCFING nr . .
GIS roofing w2 18 3600 126,800
nr - -
Add for ancillaries 196,268
total  JChlonnation Building $50,493




BILL OF QUA NITTIES Frastbile Stustve

Item  [DESCRIPTION Ernit Quantity Rate Amount

TP7?  |Clear Water Reservoir -

EXCAVATION -
Excavation - pripelines (Ineluded in all in rate) m -
Jxcavation - Structurcs m3 432 350 151,200
EO forroek m3 180 1500 270,040
Embankment m3 288 500 144,000

CONCRIETE inc formwork and reinforcement -

Blinding 1520 80mumn thick m3 9.7 8000 17600
Conerete 30020 in buse slab m3 70 20173 L452,600
do in walls mi 7.0 20178 1.553.475
do in Tool slab m3 303 20175 611,303
PIPEWORE -
‘Fhe following pipes and Ottings -
Iniet pipework m S 10250 51,250
Outlet pipework I ] 150 51,250
Orverllow m 20 $495 169,900
control valves nr 2 4100¢ 82,000
Washout pipesork m 5 2763 13,815
Add tor ancillaries 1.157.098
Total  |Clear Water Reservoir 5,785,491

Tr8  [Shwdge concentrators -

ENCAVATION
Lxcavation - pipelines (included in all in salc) " -
Execavation - Strstures m3 366.44 350 128,252
EC} For rock m3 219.86 1300 329102
: m3 -
o CONCRETE inc formwerk wnd reinforcement -
3 Blinding 15:20 80mum thick m3 14.70 2000 117.600
Conerete 20020 in basc slaly m3 146.60 20175 2,937,655
do in walls 300 thick ml 101.80 20175 2053815
PIPEWORK -
The following pipes and {itlings or -
draw ofl pipes 1] 4.00 2763 tE.052
Oveiflow and outlet pipes Bl 12.00 3984 47,808
Control valves nr 8 26000 208,000
MISCELLANEOUS METALWORK -
Handrailing m 57186 2500 169,646
Add for ancillarics 1.505.905
Total  {Sludge concentrators 1.529,325
TP9  [Sludge drying beds -
EXCAVATION -
Excavalion - pipalines (ncluded in all w rato) m -
Excavation bulk m3 652.08 350 228,438
EO for rock nd 163.17 1500 244,755
CONCRETFE inc formwork and reinforecinent -
Blinding 15/20 80mm thick m3 52.30 8000 418,400
Cenerefe 30720 in base slah m3 163.20 20173 3,292,560
do in walls m3 87.80 20175 1,771,365
do in channely w3 3110 20175 627.443
PIPEWORK -
‘The feliowing pipes und (iltinps nr -
hamlslops or 10 S000 30,000
Cutlet nr 20 3984 79.680
Add for ancillarics 1,678.160
Total {Sludge drying beds 8,390,501

L-35




RBILL OF QUANTITIES

Foand iy Sudy

Item  [DESCRIPTION Unit Quantity Rate Amouni
g
P10 [Administration building -
EXCAVATION -
icn - pipelines (included in all in rite) m -
cavation - Footings m3 129 158
stien - floor m3 150 350
EO for rack m3 39 1500
CONCRETE ine fonnwork snd ranferecment
Blinding 15720 80mm thick m3 i5.6 3000
{Conerete 30720 in tootings m3i i291 20175
Concrete 30:20 m floor m3 a7 20175
tu in ring beane m3 65 20175 131,138
m3 - -
BLOCKWORK (plsstering and painting ine ) -
200 Thick blockwork m 258.00 iS00 387,000
ROOFING nr - -
GMS rauling el 152 600 553,200
nelude for furnishing nr i 370,666
Add for ancillaries 710,443
Towl | Administration building 355207
TP [Chemical Building -
{125x38 m)
REXCAVATION -
tion - pipelines gneluded in all in roee) m -
I an - Footings m3 7 350
Excavition - (loor m3 10 3540
1O for ek m3 25 thun
CONCRETE ine formwork and reinferecment
Blindinis 1526 %0mm thick m3 10.8 8000
Concerete 30720 in [ootings 113 77 0178
Cunezele 30:20 in floor m3 250 20175
e in ring heant m3 0 Ll i
Ak -
BLCCEKWORK (plastening amnd panting inc ) -
200 Thick blackwark m 1506 287,000
RCOFING nr - -
GM3S reafing m2 131 300 471,500
Inchude for Tonishing nr Q 258,652
Add tor ancitlaries JO5 750
Totd jChemical Building ZAIRT
TEIT [SHe works
General site clearmace mz 13,000 30 759,000
Remove trees ginh 1 - 2m ar 2 SAG0 14,000k
Precast paving slabs el 18u [Rall 324,400
Frecast mmholes Mre ie 00400 400,005
PIPEWORK - -
The faliowmg prpes and Gltings ur - -
i) dia prpewark m 30 15251 312,550
360 cha prpework m 73 6861 314,800
240 dia pipewark m 30 3934 870
156 dia drain n 200 1100 220,000
300 dia drain m 00 3300 700,000
Romds m2 1,350 330 437,500
Fenging m S0 1500 50,001
Grites nr 2 20004 43,000
Seplic tank and soakaway nr 1| 600G 106,0n0
Electricity supply e - 6,000,000
Add for zmeillanies1 B24 1,661.636
Total  [Slie works

12,739,206
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1 ELECTRIC PROSPECTING

A reconnaissance clectrical prospecting survey was conducted in the Isiolo area in order
{0 obtain information on underground soil and geological strata, and 10 determine the

most suitable locations [or drilling exploratory welis.
1.1 Basic Theory and Ymplementing Methodology

The Vertical Electric Sounding (VES) mcthod of electrical prospecting was used.  As
shown in the fugure below, this method uses the Wenner configuration by applying an
clectric current to the ground at electrodes C1 and C2, and the potential diffcrence is
measured from two other electrodes, P1 and P2, located symmetrically from a central
point, and equi-distant from C1 and C2 along a straight line. Variations of the
potential difference are recorded as the distance betwecn electrodes is gradually
increased, kecping them symmetrical from the central point.  The apparent resistivity
at this central point is calculated from the difference of the measurement between the
applicd current and the resulting potential difference between electrodes P1 and P2
using the tollowing formula:

r

p=2ma
1
where, P = Apparent resistivity (Q )
a4 = FElectrode interval (m)
v Potential difference (mV)
I = Applicd current (md)

The illustration of Wenvers Configuration is given in the figure below

clecireds

Figure M-1 Hlustration of Wenner‘s Configuration
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where, Ci, Cc2
Pl, P2
a

Current Electrode
Potential Electrode
Electrode Interval

1t

The instruments used in the prospecting were a resistivity meter, ( OYO McOHM

model — 2115), details of which is given in the table below and a 12V battery for power

supply. The current and voltage were read from the digital display of the resistivity _

meter.  For the surveys, 25 VES points were established with 30 measurements at each

point, with the electrodes interval raging trom 0.5 m to 200 m.

Table M-1 Specification of McOHM (MODEL - 2115)

1) Transmitter

Output voliage 400 Vp-p max.
Output current 1,2, 5,10, 20, 30, 100, 200 mA
Operating potential 12VDC

2)  Receiver
Input impedance 1M-Q
Measurement potential +0.6V, 6V (auto range)
Resolution 20 micro - V
Noise reduction ratio 90 dB {with 50/60 Hz power)
No. of stackings 1,4, 16, 64 {Stackings can be stopped, as desired)
Time of one measuremeni 3.5 sce.
Cycle

3) Power DC 12 V battery

4} Operable lemperature range 0-50 °C

5) Dimensions 206 x 281 x 200 mm

6)  Weiglt Appiox. 7.5 kg

1.2 Selection of Inspecting Location

As described in the following section 2.3, data from existing wells around the town of
Isiolo was collected and assessed. These wells are partly used for drinking purpose,
however the great majority of them are used for irrigation and industrial purposes. Of
these wells, saline water is evident, especially in the immediate vicinity and in the
northern part of the town, where the alluvial plain prevails. Taking this and f{ollowing
rcasons in account, the location for electric inspecting was chosen to be in the southern

part of Isiolo.
(1) Topographic Configuration

Mt. Kenya which is located to the south of Isiolo is the origin of most of the

surface and groundwater sources of the peripheral area.  The groundwater being

il
L
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constantly recharged from the high rainfall area around the summit and descends
through permeable lava and tuff layers and a part of it reaches near the town of
Isiolo. Thus, the more onc fravels southward, the higher the potential of

groundwater.
(2) Geological Aspcct

To the west of Isiolo, depdsils of Pre-Cambrian schists and gneisses are found,
and deep weathering may not have progressed in these deposits.  The potential of
groundwater is not therefore generally high in such geological conditions.
Whercas, the south and southeastward arcas arc mainly covered by lava, tuff and
tuft breccia of lower Nyambeni volcanic products of Quaternary age, which

generally contain a large amount of groundwatcr in this region.
(3)  Accessibility

VES points are mainly cstablished along the existing roads due to ease of
accessibility.  When considcrably high potential for groundwater has been
identified, the water extracted will be transmiited by pipeline for drinking purpose
as a part of source water of Isiolo water supply system.  The location of VES

points arc shown in Figure M-2.

13 Resalés of Surveys

According to the analysis of the p-a curves obtained from the surveys, the under ground
strata on each VES point was identified to constitutc three to four layers. The first
layer consists of weathered surface soil, and the sccond, basaltic lava of lower
Nyambeni voleanic products. The third layer consists of tulf and tulf breccia of lower
Nyambeni volcanic products, and the fourth layer, tuff of lower Nyambeni volcanic

products or Pre-Cambrian laycr.

The apparcnt resistivity on the VES points is tabulated for each profile line as given in
the table shown below. In compliance with the geological configuration and measured
apparent resistivitics, the third layer is interpreted as an aquifer cxtending over the
fourth layer which is identified as an impermcable layer. This aquifer tends to

decrease its thickness towards Isiolo.

The aguifer was found to have a thickness of more than 50 m was at VES points No. 2,
3, 4, 21 and 22 on the prolile line No. 1 - No. 22, the VES points No. 8 to 13 on the
profile line No. 13 - No. 24 and the VES point No. 16 on the profile line No. 20 - No. 25.

M-3
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Out of these potential VES points, No. 8, No. 10 and No. 16 were accordingly sclected
for the exploratory well sites in this Study.  The resistivity sections for each profile line
is given in Figure M-3 to M-5.

Table M-2 Apparenf Resisiivity on the Profile Line

Profile L.ine Apparent Resistivity (2 —m)
1* Layer 2™ Layer 3" Jayer 4" Laver
No. 1 - No. 22 4 ~ 460 162 ~1360 90 ~ 390 11 ~ 83
No. 24 - No. 13 3~690 200 ~ 1380 100 ~ 630 18 ~ 190
No. 25- No. 20 4 ~310 75 ~ 900 54 ~ 300 30~ 190
2 GEOLOGY AND HYDROGEOLOGY
2.1 introduction

Following the reconnaissance study of geology in the Study Arca as presented in the
Interim Report, a detail geological investigation was carried out in the Isiolo area under
this Study. The geological investigation mainly consisted of an Electrical Prospecting
{Electrical Resistively Survey) and exploratory well drilling followed by a scrics of
pumping tests in the drilled wells.

2.2 Regional Geology

Istolo region is underlain by the following three geological systems; (1)Pre-Cambrian

Basement System, (2) Pleistocene Series and (2) Recent Deposits.

Pre-Cambrian Basement System consists of schist and gneiss and this system underlie
the area to the west of Isiolo as the geological basement. The system is partly covercd

by the Colluvium deposit, resulting that the syslem outerops discontinuously.

The Pleistocene Series is subdivided into Lower Nyambene Volcanic Series, Upper

Kenya Volcanic Series, and Parasitic Volcano in ascending order.

The Lower Nyambcene Volcano Series consists of basaltic lava and pyroclastic rocks;
and underlies the south-east area of the Study Area including Isiolo town. The Lower
Nyambene Volcane Series is the main target geological unit as a possible groundwater
resources in this Study as explained later. Upper Kenya Volcanic Scries consisting of
basaltic lava, underlics the arca about 13 km south o Isiolo and covers the Lower
Nyambene Volcano Series. Parasitic Volcano consists of volcanic products and outerop

sporadically in the arcas more the 10 km to the cast of Isiolo.

M - 4
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Colluvium deposit underlies the western area, and alluvium deposit does the northern
arca of Isiolo. These resent deposits are considered to consist of unconsolidated sand

and gravel intercalated by clayey layers.
The regional Geological map in and around Isiolo town is shown in Figure M-6.
23 Target Geological Unit as the Greundivater Resource

As Pre-Cambrian basement system usually consists of compact hard rocks such as schist
and gneiss, the system is not likely to bear groundwater unless it is deeply weathered or
highly fractured. Whereas, the Pleistocene volcanic products consisting of lava and
pyroclastic rocks (tuff, tuff breccia, volcanic sand cte.) has relatively large porosity,
theretore it is likely that the volcanic products bear sufficient groundwater to be

developed.

It is believed that the most of the surface and groundwater originaic from Mt. Kenya,
which is located to the south of Isiolo. It is also believed that being constantly recharged
from the high rainfall arca around the summit of Mt. Kenya, the groundwater flows
from higher clevation toward lower elevation through permeable lava and pyroclastic
rocks of Pleistocene volcanic products and a part of the groundwater reaches the areas
near Isiolo town. Thus, it is considered that the more south the location js from ML

Kenya, the higher groundwater potential will be.
2.4 Information of the Existing Wells

Figure M-7 and Table M-6 show the locations of the existing wells, their specification

and test results, respectively.

An existing well IW5 (C10573) located to the west, was drilled to a depth of 150m but
did not reach the Pre-Cambrian basement at the bottom of the well. The drilling record
available indicates that the well TW5 was drilled in talus deposit that consists of clay,
clayey sand and gravel, and limnological deposit (lake deposit) . It is generally
understood that this sort of geological constitutions does not form a good aquifer.
Whereas, the other existing wells located south of Isiclo, IW6 to TW9 were penctrated in
a different type of geological units consisting of volcanic products that arc considered to

form good aquifers.

Available information of water quality of the existing wellé IW1, IW3, TW4 TW5, TW7
and TW8 revealed that the wells IW1, TW3, TW4 and IWS that are located in the

M-5
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northern arca to an altitude of approximatcly 1100m, show higher electric conductivity
values above 1700-7000 ttsfom. On the other hand the existing wells ITW7 and IW8
that are located in the southern area to the altitude of approximately 1100m, show lower
clectrical conductivity values of around 700 t¢s/cm. This information implies that the

above-mentioned northern area might bear saline groundwater, whereas the southern’

arca bear fresh groundwater, and that the boundary might exist at the altitude of

approximately 1100 m as shown in Figure M-§.
2.5 Determination of the Locations of Ground Water Development

The review of ihe geological and hydrogeological information mentioned above are

summarized as follows.

(1} Pre-Cambrian System, and Talus deposit will not bear sufficient groundwater to

be developed.

(2) Pleistocene Lower Nyambene volcanic products might bear sufficient

groundwater to be developed.

(3) The morc south a location is from Mt. Kenya, the higher groundwater potential

will be.

(4) However, the northern area of the possible hydrogeological boundary that is
localed at the altitude of approximately 1100m might bear saline groundwatcr,

whereas the southern area from the boundary might bear fresh water.

Having considered the above information, the Study team resolved that the investigation
was therefore to be carried out in the arca of Upper Kenya Volcanic Series of

Pleistocene Era southern area to Isiolo town as shown in Figure M-9.
2.6 Exploratory Well Drilling and Pumping Tesi
(1) Location of Exploratory Wells and Work Quantity

The review of the existing information of drilling and geological investigations,
and the electrical resistivity survey carried out in this study all suggest that there is
a potential for groundwater development from the tuff breccia strata of the Lower
Nyambene Voleanic Products in the arca located to the south and south east of
Isiolo. Exploratory drilling sites were therefore selected in this area as shown in

Figure M-10. The detail of the drilling works is as shown in Table M-4.

M -6

o
K
&



FINAL REPORT SUPPORTING REPORT

M : GROUNDWATER SURVEY IN ISIOLO

(2)

)

(4)

Method and Drilling Procedure

The drilling works were performed with a drilling rig of DRILL TECH using an

air percussion drilling method.

The operation time of the drilling wells is summarized in Table M-5. The Table
shows that actual drilling operation totaled to approximatcly 37% in the whole
operation between the commencement ol a drilling and the demobilization,
whereas the works were suspended for approximately 10% of working time due to

machine troubles.
The standard working procedure for drilling operation is summarized as follows.

Drilling a hole was commenced with 8 inch drilling bid first to a certain depth.
The drilling bid was replaced with 6 inch bid if the geological conditions required
so, and drilling was continued to the required depth. Temporary work casing pipe
of 8 inch or/and 10 inch were also installed to a hole to protect the drilled hole

from caving or collapsing.

Geological log was prepared by obscrving rock-cuttings ejected from the hole
while drilling, and the geological log of cach hole is prescnted in Figure M-11,
Figure M-12 and Figure M-13.

Geophysical Logging

The purposc of geophysical logging is to obtain information on the lithological
condition and determine the exact location of ecach aquifer. Gamma-ray logging
was carricd out as geophysical logging in the well TW1 and TW2. The logging
was not carried out in TW3 due 1o a trouble of the logging cquipment. The results
of the logging are shown in Figure M-11 and Figure M-12.

Casing and Screen

Steel pipes of a diameter 6 inch were used as casings for the test wells. The screen
installed was of slotted casing pipes; size of a slot is 1dcm long, 0.15cm wide;
number of the slots is six (6) around a circle and forty two (42) in a casing pipe of
6 m long. Depth of casing pipe to be installed was determined by lithology and
geophysical logging 1o the depths of water bearing formations. The casing pipes

were joined by threaded and coupled joints.
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(6)

9

(8)

The detail schedule of the casing pipes and screen pipes is as shown in Table M-6,
Gravel packing

Sieved gravel of 2mm - 4mm size consisting of volcanic rocks was used for filling
the annular space between the casing pipes/slotted screens of the test wells. Above
the gravel filling rock-cuttings were filled and on top of the cutling, cement was
placed to the ground surface. The detail of gravel packing to the test holes is
shown in Figure M-11, Figure M-12 and Figure M-13.

Partial Backfilling of the Test Wells

During the drilling of TW2 and TW3, it was observed that clectric conductivity
became larger as the drilling progressed deeper. The maximum electric
conductivity value reached 2,099 micro-S/cm at the bottom of TW2 and 2,320
micro-S/em at the bottom of TW3 respectively. It was therefore decided that the
bottom part of these two (2} holes be backfilled with cement grout. The detail
depths ol the backfilling are as shown in Figure M-12 and Figure M-13.

Development

Development was carried out by airlift method using air pipes that were lowered
down to the bottom of a drilled hole and compressed air was continuously sent for
about 6 hours down to the bottom through the pipes to blow accumulated cuttings
out of the hole until the water became free of sand particles. Thereafter, water was

pumped up at a higher pumping rate than normal until the water became clearer.
Pumping Test

1}y  General

The objectives of the pumping test are to determine the hydraulic
characteristics of the waicr bearing formation, and ascertain the performance
of the test well. There are three types of tests involved in a pumping test: the
step drawdown test, the time drawdown test, and recovery test. The step
drawdown test is performed to evaluate the efficiency of the test well. The
time drawdown lest and time recovery lest are performed to determine the

hydraulic propertics of aquifer.

Pumping tests were carried out in the three holes TW1, TW2 and TW3 and

ity
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the results arc summarized in Table M-7 and in Figure M-11 and Figure
M-12.

2)  Step Drawdown Test

The step drawdown test was performed to ascertain the aquifer behavior at
different discharge rates and evaluate the well loss of a well. Test duration
of two (2) hours was adopted for one step; relations between yield and
drawdown of the rest wells were plotted to estimate ‘well loss' and ‘aquifer
loss' of the wells. The test resulis are shown in Figure M-11 and Figure M-
12. As it can be scen in Figure M-12, the maximum discharge of the

pump uscd for the test appeared to be insufficient.
3)  Time Drawdown and Time Recovery Test

Time drawdown test and Time recovery test were carried out to determine
the hydraulic characteristic of aquifers. The time drawdown and time
recovery test data were interpreted by Jacob's non-cquilibrium equation. The
summary of the pumping test analysis is shown in Table M-7 and Time-
Drawdown curves of the test wells are shown in Figure M-11 and Figure
M-12 and the curves of the existing wclls are shown in Figures M-14 to M-
18.

2.7 Regional Groundwater Behavior

Static groundwater level available from the existing well and the test wells drilled in this
study clearly demonstrate that the apparent groundwater clevation gradually decreascs
from the south area to the north, which is a direct information that the groundwater is

being supplied from the south area to the north area.
2.8 Recommendation of Pumping Ratio

In this study, the optimum pumping ratio is recommended based on permissible

maximum drawdown in a hole'.
(1) Permissible Maximum

Permissible maximum drawdown may be determined from the following two

! Study with a consideration of water balance among (I Irainfall, (2)runoff, (3)evaporation and
(4 recharge to aquifer was not made within the scope of works.

M-9
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factors.

1) Water drawndown level should be kept above the installed submerged pump

or the top of the screens in the well.

2)  Water flow velocity af the entrance of the installed screens must be kept
below an allowable level so that sand particles should not be sucked into the

well.

For an assessment of the permissible maximum pumping ratio under the factor 1),
the following equation is applicable. By using this cquation permissible
drawdown, Sw that should be above the screens or the pump whichever at a
shallower depth, is calculated.

Sw=BQ+CQ’
Where,

Sw: Total Drawdown,

QO :Discharge from a Well
B : Aguifer Coefficient

C : Well Loss Coefficient

For an assessment ot the permissible pumping ratc under the factor 2), the
maximum velocity of 3 cm/sec that was empirically determined and is widely
accepted for design of wells, is adopted as the permissible velocity at an entrance
of screens.

The results of the assessment of permissible maximum pumping rate is shown in
Table M-8. As can be seen in the table, permissible maximum pumping rate is
given as 10 Ifsec for TW1 and TW3; 3 1fsec for TW2 respectively.

Recommended Pumping Rate
1) TWwW-1

It is noted that the permissible maximum discharge estimated from both
entrance velocity and drawdown for TW1 is in the same range. If the static
water level should be lower than the current level, drawdown might take

place below an upper part of the installed screens when the maximum

M- 10
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2)

3)

4)

permissible pumping water of 10 I/sec should be discharged. Furthermore,
due 1o insufficient capacity of the used pump for the test, the well has not
expericnced discharge more than 5 )/sec approximately. It is therefore
prudent that the pumping rate from the well TW-1 should be kept at around
S Vsce.

TW-2

Table M-8 indicated that the permissible maximum pumping rate is 3 I/scc.
Although sand particles were not observed when approximately 5 1/sec was
discharged during the pumping test of TW-2, it is recommended that 3 /sec
should be adopted as the optimum pumping rate for a long term operation of
the well TW-2.

TW-3

The calculation results shown in Table M-8 shows that the permissible
maximum discharge of TW-3 is over 10 I/sec. However, because the well
TW-3 has not experienced a discharge more that approximately 5 1/scc
during the pumping test duc to the capacity limitation of the pump, it is
considered to be prudent that the maximum pumping ratio {from the well

should be kept at around 5 I/sec,

The summary of the recommended Pumping Rate from the test wells is as

shown below.

Well Permissible Maximum Discharge (J/sec) Recommended
Estimated from Entrance | Estimated from | Pumping Rate (I/sec)
Velocity Total Drawdown
TW1 10 10 5
TW2 3 16 3
TW3 10 23 5

1t should be noted that the permissible maximum discharge will increase, if

openness of sereen or the number of casing pipes increascs.
Recommendation

Pumping rate for each well was recommended based on the assessment of

entrance velocity and tofal drawdown. However no consideration has been

M- 11
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given, within the scope of this study, to water balance in a groundwatcr

basin around Isiolo town. It is therefore uncertain if the development of
additional groundwater trom wells to be construclted might affect the
existing well conditions. Thus, a further study is recommended in which
water balance is to be analyzed on the basis ol information on rainfall,
surface runolt, cvaporation, and recharge to the groundwater. To facilitate
to the further study, long term monitoring ol groundwater level in as many

wells as possible is strongly recommended.
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Table M-8 Estimation of Permissible Pumping Rate
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