PROPOSED. WATER FEH AND BXPEXTED MNTNLY.FEH REYENUB

Table P.2

Proposed ]

Commune  Secteur FAMILY - O/M COST(FRY). -

Name Name 2000 O/M Unit Repair Total /Fuly - | Fee Total |
_ - i S ' _ﬁﬁi_Jﬂétlﬂ_(lRWlﬁ
RUKARA  GAHINL §38 9,568 15,240 24,808  38.9 25, 520

KIVENZ] 586 8,778 T.620 16,398  28.0 30 17,580
NYAKABUNGO 394 5,863 6,350 12,213 31.2| 88 13,685
NYAWERA 671 10,060 10,160 20,220  30.1 | 35 23,485
RUKARA 1113 16,693 15,246 34,933 - 2871 30 33,390
RWIMISHINYA -~ 599 8,985 7,620 16,605 ~ 27.7°]-30 17,970
RYAMANYON] 575 8,525 17,780 . 25,405 45,91 .50 28,750
oo JOTAL 4, 5?3‘;_58;§?9_;89,919---Jé8-589--_-32:§ _____ ... 160,380,
HUGESERA CY1Z11iRA 700 10,493 10,160 20,858  20.5].30 21,000
- GATARE 719 10,778 11,430 22,208  30.9| 35 - 25 165
KAGASHI 857 12,843 13,970 26,813 31.8| 35 29,995
KAREMBO 193 1,535 1,270 . 2,805 27.27] 30 . 3,080
KIBARE: - 816 12,230 12,700 24,930 - 30.6 | 35 . 28,560
KiBIL1Zi-1, 862 12,923 11,430 24,352 - 28.3] 30 25,860
K IRAMBO 598 8,060 8,890 17,850  20.8| 30 17,940
KUKABUYE 490 7,340 6,350 13,690 © 27.9{ 30 . 14,700
MATONGO 621 9,315 8,890 18,205 29.3] 30 18,630
NGARA 658 9,860 ' 8,890 18,750 . 28.5{ 30 19,740
NYANGE 518 7,763 100160 17,923 - 34.64.35 . 18,130
SANGAZA 699 10,475 10,430 20,905 3031 3% 24,465

SHYWA 656 9,828 10,160 19,988  30.5| 35 - 22,980 |
TAZA 3447 5160 16,510 21,870  63.0'1 85 . 22,360
____________ TOTAL 8,641 123, ﬁ?ﬁ-lﬁ?_ZAQ_-_BFJ_?55____91;4_____},_232_595_
SAKE  MBUYE 335 5,025 5,080 10,105  30.2{ 35 11,725
MURWA 945 14,165 16,516 30,875 325 35 33,075
RUKUMBERY 1,010 15 145 16,510 31,655  31.3] 35~ 35 350
SHOL1 921 13,803 5,240 29,043 3L5| 35 32,285

__________ TOTAL. . . 8,213 48,138 53,340 )01, 478 _ 816 | 112,385

KAYONZA  GASOGI A37 6,543 6,350 12,893 29.5| 30 13,110
MBURABUTURO 322 4,830 3,810 8,640  26.8] 30 9, 660
MUSUMBA 246 3,678 3,810 7,488 - 30.4| 85 8,610
NYAMIRAMA 548 8,213 7,620 15,833  28.9} 30 - 6,440
RUTARE 545 8,168 T,620 - 15788  29.0| 30 16,350
R INKHAVY 7% 1,120 2,540 3,560  48.8 | &0 3,750
SIY0GO 234 3,508 3,810 7.318  31.3| 85 8, 190
____________ TOTAL 2,407 36,058 35,560 71,618~ 29.8) 76,110
RUTONDE  KADUIA 224 3,348 3,810 7,158 32.0| 3% T840
RUTONDE 555 8,315 7,620 15,835  28.7] 30 16,8650
R¥ERY 155 2,325 2,540 4,865 . 314} 35 5, 425
SOVY 541 8,110 7,620 15,730 9.1} 30 16,230
............ TOTAL 1,475 22,098 21,580 43,888 __ 20.8 | __ . _ 46,145
KABARONDOB I SENGA 370 5,558 5,080 10,638 - 28.7| 30 14,130
MURAMA 157 2,353 2,540 4,893 . 3120 35 5495
NKAMBA 156 2,335 2,540 4,815 31,31 35 - 5460
RURAMIRA 309 4,785 5080 9,865 30.9 35 . il 165
RUSERA 360 5,398 5,080 10,478  29.1} 30 - 10,800
RUYONZA 186 2,788 2,540 5,328  28.6{ 300 5,580
SHYANDA 148 2,218 2,540 4758  32.17] 35 5, 180
TOTAL . 1,697 25,433 25,400 50,833 ~ 30,0 54,810 | -
{continue}
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Table
PROPOSED WATER FEE AND EXPEXTED MNTHLY FEE REVENUE
Commune = Secleur FAMILY 0/M COST (FRYW) Proposed

Name Name 2000  O/M Unit Repair Total /Fnly | Fee Total

: - _ ' (PRE/T) - (FRE)
KIGARAMA- GASETSA 116 1,740 3,810 -5 550 47.8 | 50 5, 800
GASHANDA 388 5815 B, 350 12, 165 3.4 3% 13, 580
"KABARE-1 252 3,768 5,080 8, 848 5.1 40 10, 080

KABARE-2 562 8,425 12,700 21,126 . 376 40 22,480
KABERANGHE 286 4,285 3,810 8, 0495 28.3( 30 §, 580

KANSANA 400 5,988 §,350 12,338 30.8] 35 14,000

REMERA 292 4,370 5,080 9, 450 32.4 1 3% 10,220

RUBONA 1,619 15,275 13,970 29, 245 28,71 30 30, 570

RURENGE 321 4,810 5,080 9, 890 30.8{ 35 11, 235

- YUMWE 748 11,103 10, 160 21, 263 28.71 30 22,230
_________ __ JOTAL. 4,377 65,578 72,390 137,988 31.5| - 148,775

RUKIRA  GASIRU 289 4,333 5080 9,418 32.6 35 10, 115

GITWE - 343 5,140 5, 080 10, 220 29.81 30 10, 290

MUSHEKIL]-_ 298 4,465 5,080 9, 545 32.0 35 10, 430

NTARUKA 38 560 1,270 1,830 48.21 50 1,900

RUGARAMA 314 4,708 8,810 8518 2111 30 9,420
............ T0TAL . 1,282 19,205 20,320 39,525 _ 30.81 _ 42,155
BIRENGA BARE. : 207 3,093 8,810 6, 903 33.3 1 35 1,245

BIRENGA 226 3,378 3.810 7,188 31,81 35 7,910

GANARA . 619 9,273 8,890 18, 163 29.3{ 30 18, 570

" GAULIRE 252 3,780 3,810 7, 590 0.1 0 35 8.820'

GASHONGORA 372 5 5718 5,080 10, 658 28.6 | 30 11,160

KIBAYA 595 8,925 7,620 16, 545 27.81 30 17, 850

KIBiMBA 254 3,805 3,810 1,815 36.0 1] 30 1,620

SAKARA 352 5,275 5,080 10, 355 29.4] 30 10, 56¢

e JOTAL 2,877 43,105 41,810 85,05  29.5] . 88,735

RUSUMO  GATORE 548 8,213 - 17,620 15, 833 28.91 30 16, 440

KANROBHA 8§08 12,118 38,100 50, 218 62.2 1 8% 52,520

KIGARAMA 561 8,403 7,620 16,023 28.6.) 30 16, 830

KIGIRA 913 14,595 13,970 28, 565 2941 30 29, 190

KIRENE 359 5,373 5,080 10,453 201 30 10, 770

MUSAZA 1,163 17,445 13,970 31, 415 210 3 34,890

NYABITARE 863 - 12,943 11,430 24,313 28.21 30 25, 8490

NYAMUGAL 280 4,198 6,350 10, 548 3.1 40 i1, 200

- NYARUBUYE 576 8,638 8,890 17,528  30.44 35 20,180

TOTAL 6,131 . 91,923 113,030 204,953 - 33.4 211,890

TOTAL 36,671 549,610 605, 790 1, 155, 400 31. 5 1,290, 538
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BALANCE BETREEN WATER lE,! AND O/K COST

Table P,3

_ COMMUNE _SYSTEK. | SYSTIN 2 SSTHL 4 SYSTIN 4T BT
Fee .0/Y% Cost Fee 0/ Cost Tee O/8 Cost _ Fee Fee 0O/8 Cost
BIRENGA 0 166,100 850,508 80,735 85015 C 9,660 1205495 858652
KABARONDO 0 193830 1102644 54810 50,833 C 12,735 .}3_2.095._345' 1, 153, 477
KAYONZA 0 9562300 58664 76,010  TLOIS C 14655 ) 2,663,065 1,655,282
KIGARNA 0 0 8775 137,968 C 0,090 ) s 131968
MUGESERA ] 0 202,595 2L 745 C 0) 22,595 271,745
HUIAZI 8,452,290 6. 863, 040 0 0 0'( 0) 8,452,290 6,863 040
RUKARA 0 0 160,380 148,580 17,655 } 178,035 . 148,580
RUKIRA 0 | 0 4208  30.525.C 9,900 )é 0% 3053
RUSUNO D 7,4%5.350 53115000 217,890 204,953 € 48,915 ) 7702155 55,319,953
RUTONDE 0 1200000 491503 46145 43,688"( 2255)5 1,257,410 4,958,720
SAKE 13,046,880 9,259,932 L2385 10LAT8.C. 0).13,199.265..9, 361,410,
TOTAL COST _21. 489,170 16, ia&wummwsaﬁmmwmmma&&

BALANCE BETWEEN O/M COST AND R:EVENE FEE _

Fee 0/M Cost  Balance

SYSTEM 1

MUBAZI 3,452,290 6,863,040 1,589, 250
SAKE 13,045,380 9,259,032 3,186,948
SYSTEM 2 .

EAYONZA-1 1,421, 550 850, 716 570, 834
KAYONZA-2 1,140,750  73%, 948 407, 802
KABARONDO 1,938,300 1,102, 644 835, 656
RUTONDE §, 209,000 4,915,032 -3.706,032
BIRENGA 1,166, 160 8, 501, 508 -T7,335; 408
RUSUMD-1 2,315,100 §6, 069,776 ~13, 694, 676
RUSUMO-Z 2. 694, 900 21,004, 284 -18, 308, 384
RUSUMO-3 2, 365, 350 16, 04C, 940 -13, 675, 590
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MINITRAPEE

Directorate General

of Water, DGW

Technical Assistance

(Consultants ete.)

‘| Planning Rural Water

Deht. Supply Dept.

DGy

fogr -~ -

MINISANTE

RW10/ER

Project Office

e

Contractor

— — 3]

Prefecture 0ffice
Commune Office
¥ater Hanagement Commiitee

Other Related Institute

Project Implementation Crganization
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| KIBUNGO Prof. k(Project office ),  DGH, - MINITRAPEE |
{ Regional Office ! {(Officer in Charge): {ELEQIBQQQZ ____________ :

! ! b
Admiitistration Facility Construction !
Division Division . Division
Mechanical Facility §| Pipe Line l| Civil Work Well Drilling
Section Section Section gl Section

Project Implementation Office

Officer in Charge 1 Overall supervision
: R and management
Civil/Water supply Engineer 1 Engneering and super-
“vision of civil works

Facllities Engineer i Engneering and
. - ‘supervision o
Asst. Engineer ‘ 2  For well construction
. ~and water supply
_ _ facilities
Secretary 1
Driver 2
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APPENDIX Q

COST ESTIMATE
1. GENERAJL

Only small anounts of constructlon materlals are produced
domestically in Rwanda -- most materials are imported.
Since Rwanda is a landlocked country, the imported
materials come through Kenya, Uganda, and/or Tanzania.
Hence, - the construction costs of water supply projects,

such as the Phase II1I Project, are normally estimated based
on 1nternat10nal prlces of constructlon materials.

-Rwanda s currency was devaluated .in November 1991.
Furthermore the domestic inflation rate has been
significant.

Under these circumstances, a cerefullinvestigation should
be made’ when estimating Project construction costs.

During the fleld study perlod the following lnformatlon
was obtained: :

.-MINITRAPEE'S_Unit Construction Price List, 1988

.. MINITRAPEE's Unit Censtruction Price List, 1989

. MINITRAPEE'S Unit Construction Price List, 1990

. ELECTROGAZ's Unit Construction Price List, 1989

. HYDRO BAT's Report on Water Supply Plan in Rukara
Commune, 1984 : _

. HYDRO BAT's Report on Water Supply Plan in Rukara

‘ Commune, 1986
. FURISA $ Report on Kigall s 200 Year Plan, 1990
. Kigali Commercial Bank's Exchange Rate Llst (1990-1991),
1991

2. ASSUMPTION ON COST ESTIMATE

The Project cost has been estimated on the foliowing
assumptions.

2.1 MEANS OF EXECUTION

Civil engineering work will be executed by the contract
entered into between the promoter and the contractor.
The machinery and equipment required for. construction
works will be provided by the contractors.



(1)

(2)

BASIC UNIT PRICE

No comparatively large construction work has been
undertaken since the devaluation of the Rwanda Franc in. -
19390. For estimating the construction costs of the
Project, the basic unit prices of construction work items
in 1990 were multiplied by the inflation rates to obtain
the August 1, 1991 unit prices.

Basié-lggﬂ Unit Prices

Based on gathered information, the basic unit prices of
construction work items prior to the currency devaluation
were obtained. The unit prices listed in MINITRAPEE's .
Unit Construction Price List of 1990 were adopted. -
Prices not contained in the Price Llst were obtained from
other sources..

Basic August 1, 1991 Unit Prices

The Fbreigﬁ exchange rates of Rwanda's Franc before and
after the Currency devaluation were as follows:

Price to ﬂnvaluatlon(IQQO) 1 Uss
After devaluatlon(lggl) :_ 1 US$

80 FRW
128 FRW

The forelgn exchange rate increased 160% as a result of
the currency devaluation(see Table Q.1). :

Compared to the foreign exchange rate increaéé the price
indexes with domestic currency, after the currency
devaluation changed little as shown below. '

Wages of common workers 120%
Gravel : 115%
Sand : 100%
Cement : 123%
Reinforcing bars : 133%
Gasoline : 179%°

Diesel oil H 179%

By taking1into account the above rates, the basic unit
prices of construction work items were obtained by
multiplying 1990 prices by the following inflation rates:

Imported materials and equlpment : 160%
Domestically procurable ' '
‘materials, such as pipes : 133%2
. Earth work S : 120%
. Concrete work : 123%
. Other work : 115%



2.6

The basic rate of labor, material and construction
equipment is estimated i the prevailing rate in Rwanda.
Detailed basic rate is shown in Table Q.2.

CONSTRHCTION COST

The construction cost is divided 1nto the foreign and
local currency portion.- The local currency portion is
estimated on the basis of the current price in the Rwanda
as of August, 1991 and the foreign currency portion is
estimated on the CIF price at Kigali. Construction cost
is estimated based on unlt cost for individual worklng
1tems.

OVERHEAD AND PRCFIT

overhead and profit, which equal to 20% of the direct

‘cost in total is included in each unit price.

EXCHANGE RATE .

Uss1.00 equalw to FRW 128 and J Yen lSS(the OfflClal
exohange rate in August 1991).

NDIRECT cosT

Indirect cost is con31sted engineering and admlnlstratlon
costs.

Engineering and administration costs are necessary
expenditures for detailed design, preparation of tender
documents, tendering, tender evaluation and construction
superv131on.. '

The admlnlstratlon cost is shown in Table 0.3. The cost
of engineering service is calculated applying 10% of the
Construction Cost.

Reguired personals for the engineering service is
outlined as below:

Design phase: Team Leader

Hydrogeologist

Water Supply Planning Engineer
Design Engineer

Mechanical /Facilities Englneer
Structural Engineer

Soil Mechanic Englneer and Geologist
TOpo- SULrveyor

‘Construction Plannlng Engineer
Technical Specification Engineer
0/M Specialist and others



2.8

Construction phase: Team Leader
Construction Engineer
0/M Speclalist -
Others

PHYSICAL 'CONTINGENCY

The phy31cal contingency related to the constructlon and
indirect cost is set at 15% of the cost.

PRICE. CONTINGENCY

The price escalation is assumed as 4 % for forelgn
currency portion and local currency portion, referring to.
inflation rate of developed countries and consumer prlce
index in Kigali between 1982 and 1987. .

3. PROJECT COST

3.1

CONSTRUCTiON COST
Civil work is composed of each proposed system as below'

. System

System
. System
. System

0B

The construction cost are given in Table Q.4 and 0.8 and
its breakdown are as shown in DATA BOOK of Volume V.

in addltlon the portions for the voluntary service
activities by residents(Umuganda) are estimated in Table

0.9.

The activities are strongly recomménded‘during the
construction period as a particlpation of the
hbeneficiaries, at this Stage.

PROJECT COST

The estimated project cost of the Basic Plan and the
Possible Project Scheme are shown in Table Q.5.

ANNUAL DISBURSEMENT SCHEDULE

The annual dlsbursement schedule for the Ba51c Plan and
the Posgible Project Scheme are estimated on the ba51s of
the project implementation schedule, and the outlines are’
shown in Table Q.6 AND Q 7.



4. OPERATION AND MAINTENANCE COST

At this studf stage, different structures of 0/M costs
are recommended between piped water supply system and
non-piped system(refer to Appendix P). -

Piped water supply system(System 1 and 2)

Direct O/M cost + investment cost of O/M unit.

Non-piped water system(System 3 and System 4): :
.Mainteénance cost + investment cost of O/M unit.

DIRECT G/M COST

Direct cost congist of following cost to operate the
system:

Power Cost

Procurement of power is estimated, where the present
unit prices is as follows;

Electric Power - —-- 8.5'RWF/KW/hr
Fuel of Engine --- 120 RWF/Llit.
: (lubrlcanf 10% of fuel cost counted)

For the estimation of the energy .cost, actual water
consumption rate which was surveyed by the Study is
taken into consideration(see Appendix F) and 75 % of
design volume of System 1 and 2 will be considered
to be supplied. Thus,: energy cost should be
estimated taking into account of 75 % design
operation hour

Chemical Input

Reguired volume of. chemical input for treatment
facilities of System-1 is estimated as given in
Appendix M. Cost of the chemical input is considered
to be as below:

A12(S04)3 90 FRW/Kg

Ca(CiQ)2 400FRW/kg
Ca(OH)2 25 FRW/kg

Repair Cost

The required cost to maintain a stable and
continuous operation of the facilities is calculated
by the below criteria.

Intake Pump, Submerglble Pump, Booster Pump,
Generator, Electric Facilities, Treatment Facilities:



The equipment/tacilities are considered to have
useful life of 10 years. :

-Therefore,.zo% ‘of total machinery cost is required
which can allow maintenance for around 3 VeAars..
About 7 % p.a. of total machinery cost deposit is
needed. The cost range from 12,000 FRW to 260, 000
FRW per one(l): unit p.a., 1is estlmated

Plpellnes Valves Fountains

Annually 0.5 % of non- machinery costs should be
considered as the repair cost. the cost is estimated
as 2,000 to 4,500 FRW/m of both dlstrlbution and

tranamiSSLOn plpes.

Other,i.e. Machinery House, Storéqg'Tank, Well atc.

The costs will not be consideredj because the
maintenances are covered by daily O/M.

Salaries of-Operatora/Workers

Water supply systems of piped water system of small
and medium scale are required a salary payment to
operators/workers. Accordlng to the field survey of
the study, the monthly salary is 8,000 RWF/month,
though depending on factors' such as age and
experience. In case of non-piped water supply
systems, a few designated workers maintain the
facilities in shifts and without pay.

The water seller at KIOSK shall be a part-time
worker and his income of specific charge is. planned
to be 7 FRW/m3.

INVESTMENT COST OF 0/M UNIT

Proper organization; operation and maintenance(0/M) unit,
would be newly proposed to execute the operation and
maintenance of water supply system and to conduct the
collection works of water fee charge. The monthly cost
for the investment per person is estimated as 2.5
FRW/month, The estimation is given in. Table Q.10.

The main 0O/M costs are operator's salaries, power costs,
repair costs and investment of proposed 0/M unit. These
are generally paid by beneficiaries as mentioned above
and the estimation is given in Tables Q. 11 Q.12 and
0.13. ;



Table 0.1

Exchange Rate (FRY/USS)

Date . | Bxchange Rate (FRW/USS)
o990 | Maro | TOXT
________________ May . . | . . 77.89__ __________.....
________________ Jul. | 75.8T ...
________________ Aug. |, T4.22 . __.
________________ Sep.. | .. .18.81 __ .
______________ 8, Nov, __ [ 7179 __ ...
oL ootZ,Noy. P18 70 L.
. Des. 121.12
1991 | Mar. | . 127.87
________________ May. | 12779 . . .
________________ Jub. | dpn.81 o

1, Aug, - 127.92 - )

% 66.6% of devaluation on 11,0ct. 1990



Table Q.2

UNIT PRICE OF LABOUER UNIT PRICE OF CONSTRUCTION AND MATERIALS
ITEM DESCRIPTION PRICE - _ I TEM DESCRIPTION  UNIT UNIT PRICE
B (FR/D) (FRH/M) _ e (RWF) _
Manager - 20,000 ' o s
Supervisor - 17,000 : S
Driver Trailer 691 17,000 PVC Pipe $40x33.46 n 1398
Driver ~ ¥>10T 518 13,000 - do -~ @50x44.8 m . 415
Driver - FR4tol0T 480+ 12,000 . -do - ¢63x56. 6. m 642
Driver  Vehicle 450 10, 000 - do- 75268, 6 ome 661 -
Assistant Diver 210 5,500 -do - ¢90x83.8 n 938
Site Supervisor 691 ~do - $110x102.8 ™ 1,285
Mason Cheif 518 ~do - ¢125x116 m 1,741
Mason 480 -do ~ @ 140x130 n 2,257
Plumber : - 480 - do - ¢160x152.6 i 1,942
Assi. Engineer/Survey 480 12,000 ~do - ¢200x193.6 m 2,434
fielder 480 CON.Pipe ¢1Dem i 819
Carpenter 480 - do- ¢licm m 982
Painter 450 - —do - ¢20c¢m ] 1, 186
Secretary/Assitant 330 8,000 -do - ¢25em n 1,539
Labour 150 -do - ¢30cm m 2,014
¥atchman 210 _ - -do- ¢dlem. m - 13,828 -
- -do - ¢80cm(RE)  m 15, 988
-do - ¢100cm m 19,816
-do - -#i00cm{RE} - m 22,041
G.S.Pipe ‘$3/8" n 318
-do- $1/7 m 462
-do - @3/ ! 636
-do~ 1" m 847
-do- ¢11/4" m 975
=do - @l /27 m 1,254
-do- @27 mo 1,581
-do - 92 1/27 m 2,397
-do ~ ¢3" m 2,834
- do - ¢4” n 3, 450
(for construction) .
Cement Ton 320,000
Re-Bar Ton 150, 080
Sand m3 500
Graval n3 1,180
- Brick pC 5
Common worker Day 120
Paint (BP) ' Lt 530
Glass. t=3mm m2 1, 800
Giasolin Lt 125
Diesel Lt 120



ADHINISTRATION COST

Table

Q.3

Unif Tate

UnitQ ty
_ £/ LG Tolal
L {FR®)
Project Office ls 1 3,000,000 aprox. 150m2
Office Equipment & Facilities Ls 1 2,000, 000
Sub-total 5, 009, 000
Sararies o _
Officer in Charge. - MM 108 20,000 2, 168, 00G }2mi8years
CivilMater Supply Engineer MAT 108 17,000 1,836,000 - do -
Yacilities Engineer MM 108 17,000 1,836,000 - do -
Assistant Engineers MM 216 12,000 2,592,000 12mxSyearsx?
Secretary MM 108 8, 008 864, 000 12ZmxByears
Briver WM 216 10,600 2, 160, 000 12mx8yearsx2
Sub-total 11, 448, 000
Operation : _
Vehicle ' L} 108 20,000 2,160,000
Fuels M 108 36,000 3, 240,000
Office Supplies. an ) 2403, 000 2,168,000
Field Equipmeni an 9 1260, 006 1, 080, 800
Others : . ah § 160, 800 900, 000
Sub- total g, 540, 000
GRAND TOTAL 25, 988, 060




PREL IMINARY COST ESTIMATiUH

Table _
(TOTAL CONSTRUCTION COST)
L __Unit;1,000 RHF
T COMTONE SYSTEM 1 SYSTEM 2 SYSTRM 3 SYSTIM 4 TOTAL
BIRENGA 0 53163 178,245 ( T.674 ) 231,408
KABARONDO D 69.881 104,311 ( 10,113 ) 174,192
KAYONZA 0 130,791 183,047 ( 8,8340) 293,838
K IGARAMA 0 0 295,068 ( 7,209 ) 299,068
MUGESERA 0 0 624,58 (  0) 624,588
MUMAZI 104, 875 o B( 0) 404,875
RUKARA 0 0 328,793 ( 17,014 } 328,793
RUKIRA 0 0 89,795 ( 7.883) 80,785
RUSUMO o 294,020 443, 995 (38,826 ) 43, 015
RUTONDE 0 35974 04,400 { 1,796 ) 129,714
CSAKE o ML 0. 239,663 ( . _ 0.) __68),879
TOTAL COST. . . 846,591 __ 583,229 2,570,905 { 98,361 ) 4,000,725 =
{ 4,100,088 )
Design Population 55, 809 44,016 21.5. L1z {49,931 ) 314, G37
Design Demand{m3/day} 1,293 1,013 3,880 { - ) 5, 987
COST/PERSON 15169 13,250 14,950 ( 1,990 ) 12,703
COST/DEMARD(m3) 554,699 575,687 698,558 { - ) 668,29
Q - 10

Table Q.4

3i. 26 million US$



Table Q.5
PROJECT COST OF THE BASIC PLAN

(Unit: million FRW)

1.Construction Cost  System 1 846.6
' System 2 : 583.2
System 3 2,570.9

"System 4 . 99.4

Sub-total 4,100.1

2.Indirect Cost  Administration 26.0
' ‘ Engineering service 410.0
Sub-total . 436.0

3. Physical Contingency {1 + 2) x 15% 680.4
Total 5,216.5

e e n e e MR I e ST Geb MR M W M LA et S TS R o by et Sk b e e i B e ey T u Y S M T M e YR Mt mme TST O e e mm G R G

PROJECT COST OF POSSIBLE PROJECT SCHEME

(Unit : millon FRW)
‘Ttem Prep'n Package Package Package Package Total
Work . A B C D
(1992) (93-~94) (95-96) (97-98) (99-00)

_......-................._........--..----...__.-..._,_..._.-__..-._.....,........-...._—-...__....__._.........--......._.....____

1. Construction Work

System 1 0.0 0.0 404.9 0.0 441.9 846.6
System 2 0.0  146.7 54.0 0.0 0.0 200.7
System 3 0.0  376.3 263.8 263.8 263.8 1,167.7

0.0 . 523.0 722.7 263.8 705.5  2,215.0

4.Base Cost {1+2+3)
7.3 580.0  799.7 294.9 780.6  2,462.5

5 Physical Contingency (15% of 4)

171_ 87 0 120 0 44,2 117.0 369.3

e ) ] T P T - 7 T X e Pt e T o e e e er T PR A e T VD et L ek e e e Y L R e e s S e e At e
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Annwal Cost Table of 0/M Unit

unit cost Quantity  Base Cost
= . . (RYE) ) '
Investment Cost
Operation &Management
Allowance _
. Head 12,000 12 mm 144,000
Accountant 10,000 12 mm 120,000
0/M Manager 10, 000 12 nm 120,000
0/M Service Worker _ :
& Collector 8,000 24 mm 192,000
Administrator 8,000 12 nn 96,000
Office Keeper 4,000 12 mm 48,000
Eaquipment 0/M 200,000 1. LS 200,000
gffice O/M 106,000 LS 160,000
Fuel 130 2,000 km 260,000
Equipment : _
Vehicle (4WD). 250,000 1 no. 250,000
Gffice:Supplies 100, 000 1 LS8 - 100,000 cost
Field equipment 100,000 1 LS 100,000 per month
TOTAL L : 1,730,000 144, 187

{Notel The cust of equipments is estimated as depreciations.

Infrasiructure cost, such as office construetion is not included.
Cost per person is calculated as a follow:

Cost/person =

164,167 %

{(monthly cost x 11 comunes)/ total population

of Kibungo Prefecture(in 2000)

Q - 23
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" OPERATION AND MAINTENANCE COSTS OF SYSTEM |

‘Table 9.1l

[HUHAZI)

T ) Honihly
e e Cost
Direct O/H Cost [RWF)
Paver Gost unit cnsmp. ope. hour total cnsmp. unit cost daily cest _
54 18 900 8.5 7, 650 229,500
i [Kwh) [Kwh] {R¥F) [RWF] :
Repair Cost of Total Machinary investment x 7% / 12 = 0/M cost p.n. ‘ . .
Hachine Parts 29, 428, 090 R¥E/unit Lnoow 7% /12 = 171,683
Pipeline/Faucets Total investment of pipelines. valenes & fountains x 0,90% / 12 .
Repair Cost = 0/M cost p.n. 164, 694, 000 RWF_x 0.5%/12 = 68,623
Cheaical Input daily cnsmp. (kg} x unit cost [RWF] daxly cost [RWF]
A12(504)3[50a8/1) 22.5 90 2,025 §0, 750
Caftin) 2 (Tmg/s1} o2 4049 i, 26¢: 31..800
Cal{OH)2 [25mg/i] 1t.3 25 281 §,438
Operator/Worker’s salary p.ao. X Ho. of operatores S
Salary 8,000 RWF/m x t = 4, 600 -
#atel Seller{KI10SK Manager) (650m3/d x 0.75) x 7FR¥ %30 days {16 persons) . 103, 95ﬂ
et et et e e L et eeesen e m et e ne e e e e subtolal . 888,723
Honthly Investnenl Cost for O/M Unlt
{Cost per Person)
2.5 RWF/psn
(Design Populatxnns & Families)
21, 944 psas 3,859 fmls L
e e e TQiﬁl_inﬁﬁﬁiﬂﬁnluﬁﬁﬁﬁlﬂﬁn!h ......... e, 54, 860
TOTAL O/M COST : : : 743,583 - .
' 0/d Cost per Family  (bLevel 3) = 2037 (1.59 Us$)
(Leve] '2) = 156 (1.22 USS)
_ _ {Level 1) = 138 (1.07 USS$)
Note:Required Power (wK/hr)= (Intake, . Sk¥x2+Dosing, Sk¥+High Lift, 18, SkKx2)x1. 1 . '
OPERATION ANDB MAIRTENANCE COSTS OF SYSTEM 1 [SAKE)
T Monthly
- Cost
Direct 0/M Cost - [R®F]
Power Cost unit cnsmp. ope. hour fotal casmp. unit . cost daily cost
15 18 1,350 8.5 11,475 344, 250
{Kwh] [K¥h) . [R¥F) [R¥E] . i
Repair Cosl of Total Machinary investment x 7% / 12 = O/H cost p.m. o
Machine Parts 44, 597, 800 A¥F/unit 1 nox 7% /12 = 260, 154
Pipeline/Faucets Total investment of pipelines, valunes & fountains k'U.S% /12 .
Repair Cost = /¥ cost p.&. 145,879,200 RWF x 0.58%/12 = 60,783
Chemical Input daily cnsmp. (kg) x unit cost [R¥WF) daily cost [R¥WF] .
412{5043190ax/1] 25. % 98 2,329 £9. 853
Ca(C10)2 [Tag/l] 3.6 400 1, 440 43, 200
Ca(0M)2 [25mg/1] 12.9 25 123 9,703
Operator/Worker’s salary p.m. X No. of operatores o .
Salary 8,000 RWF/m x 1 E 8,000
Water Seller{K1DSK Manager) (050m3/d » 0;75) x TERW x30 days {26 persons) 151 200
e subtotal . 847,152
Honthly Investmenl Cost for O/H Unit
{Cost per Person)
2.5 R¥F/psn
{Design Populations & Families)
33, 805 psns 5, 548 famls :
........ ' ' ..Total Investwent Cost/month ' . . 84 663
TGTAL O/% COST _ : . 1,031,815 _
0/ Cost per Family {level 3) = 183 -(1. 43 :US$)
© {Level 2} = 137°.¢1.07 US$)
(Level 1) = <126 (0. 98 US3$)

Note:Required Power{k¥/hr}=(Intake. . 5k¥x2+Dosing, S5k¥+High Lift, 30, Ok¥x2) k1.1

Q - 24



OPERATION AND MATNTENANCE COSTS OF SYSTEM 2

[KAYONZA-1])

E_'@_le,_ﬂe,_&(%

Honthly

o o Cost
Divect O/M Cost _ _ [R¥E]

Power Cost ‘unit cnsmp. ope. hour totai cnsmp. unit cost daily cost S

(7. 5k¥x19, Zhrx75 %) N 14,4 108 8.5 918 27, 540

_ “{K¥h) : [Kh) [R¥F) [RYF ]

Repair Cost of Total Machinary investment x 7%/ 12 = 0/M cosl p.m,

Hachine Parts 2,121,520 HWF/unltL______uﬂﬂj_no X 7% /12 = 12,411

Pivctine/Faucets Total investment of pipelines, valunes & fountains X 0.5% / 12

Repair Cost : = 0/M cost p. . 20, 554, 040 R¥F/m x 6.5%/12 = 8,608

Operator/Worker' s saléry . E. X © No. of operatores

Salary . 8,000 RWF/m x = 8,000

Water Seller(KIOSK Manager)  (10.4m3/d x 0.75)x 7FRW x30: days {6 persons) 15,813
T e e e U subtotal _ 12,3688
Honthly Invesiment Cost Tor 0/H Bait o

{(Cost per Person}

2.5 REF/psn
{Design Populations & Families)
4, 374 psns 729 fnmls

U U Total Investment Cost/month _ . 10,835
TOTAL 0/ COST 83,304

0/8 Cost per Family

(R¥F)

OPERATION AND MAINTENANCE COSTS OF SYSTEM 2

“(Level 3

iKAYONZA-2]

114 ¢ 0.89 US$)
87 { 0.76 U5%)
85 ( 0.67 US$)

(Lével 1}
{Level 2}
}

Monthly
. Cost
Direct 0/M Cost ] {R¥F]
Power Cost . unit cnsmp. ope. hour total cnsmp. unit cest daily cost
(11kWx12.Bhrk?5 %) 11 9.6 105. 6 8. % 897. % 26,928
. EKwh] fKwh] . [R¥F] [RWF]
Repair Cost of Total Machinary 1nvestaent x 7%/ 12 = O/# cost p.m. .
Wachine Parts . 4, 255, 040 RWF/unLtL____‘____}_no x 1% /12 = 24, 821
Pipeline/Faucets Total investment of pipelines, valuncs & fountains x 0.5% /- 12
Repair Cost. = 0/H cost p.m. 11, 360, 640 B¥F/m x 0.5%/12 = 4,734
- Operator/Worker's salary p.n. X Ho. of operatores
Salary ' 8,000 RWF/m x - 8,000
iater'Seller(KIDSK Manager) (86. Im3/d « 0.25)x% 7FRW x30 days (5 persons) . 12, 647
e e subtotal 77,130
ﬁ&ﬁfﬁ]}nlnvestment Cost for O/M Unlt -
{Cost per Person}
2.5 R¥F/psn
"{Design Poputations & Famllles)
3, 308 psns 58% fmis
AA_-_____A,,,,,,w----_-,_-___________,ﬁ?9§§!AJD!9§£!§DE_§9§§!mQDth __________________ 8,770,
TDTAL 6/M CUST . 85, 940
T : 0/M Cost per Family  f{Level 1) = 147 ( 1.15 US$)
(RWF) {Level 2) = 104 ¢ 0.82 USY)
(Level 3) = 36 ( 0.75 US$)



OPERATION AND MAINTENANCE ¢0STS OF SYSTEM 2 [RUTﬁHDE]

rable - g 12

3
——

(2)

5.45 USS)
5. 16, US3)
5011 US$)

.92 US$)

o - T Woninty
L Gost

gllect“pfﬁ COSt _ . ' [RwF)

Power. Cost unit cnsap. ope. hour total cusmp. unit cost daily cost .

(5. 5kWx15, 5hrx75 %) 9.0 i1.6 104. 3 5.2 120, 0 12521.5 375, 646

(5. 5kWx1. 36x1.2 PS) . £ps] (PSh]l x 0.051/PSk [RWF1 {RREY :

‘Repair fost of Total Machinary investment x 7% / 12 = 0/M cost pim. . .

Machine Parts . 4, 000, 960 RWf/unltL__;___iT_j_no X 7% f12 = 23, 339

Pipeline/Faucets Total investment of pipelines, valunes & fountains x 0.5% / 12

Repalir Cost .= 0/M cost p.m. 9,432,000 R¥F/m x 0.5%/12 = 3, 830

Operator/Worker's salary p.m, X fte. of operatores : : o

Salary . 8, 060 R¥F/m x ! = 8, 000

Water Seller(KIbSK'Manager) (80. 3m3ld x 0.75%x TFR¥ x30 days (5 persons) e 12,7190
P R O subtotal | 423,625
Honth!y Investment Cost For 0/M Unit -

{Cost per Person)

-2.5 R¥F/psn -

{Design Populations & famiiies)

3,720 psns 620 fals :
S v,___y,___“_---IQI?J_19!§§§!§9$(§9§E!§99ih,-__,ﬁ‘________,wﬁ_ﬁﬂg_
TDTAL o/M €OST i _ 432, 925

: 0/M Cost: per Family (Level 1) = 698

{R¥E} {Level 2} = 681
{Level 3) = §54
OPERATION AND.MAINTENANCE 60STS OF SYSTER 2 [KABARONDO] _
. - Nonthly
o : : . Cost
Direct 0/M Cost . . FR¥F1
Power Cost: unit cnsmp.  ope. hour total caswmp. unit cost daily cost
{7.5kWx2x15.Bhr 15. 0 11.3 158. 8 B 1434.°4 43,031
X759 %) [ Kwhl [Kwh] [R¥F) [RWF]
Repair Cost of Total ¥achinary investment x 7% / 12 = O/¥ Cosy poms_ . :
Machine Parts 2,121,520 RWF/unltL_ff______g_no X 1% /12 = 24, 821
Pipeline/Faucets Total investment of pipe!ines,'valuﬁessﬁ fountains x 0.5% / 12
Repair Cost | = 0/H cost p.m. 11,929, 200 RAR/m x 0.5%/12 = 4,871
Operator/Worker's salary p.a. X No. of operatores
Salary ) 8,000 NI¥R/m x T = 8, ogo
Water Seller(KIOSK Manager) (133.3m3/d x 0.75)x 7FR¥ x30 day - (7 persons) 20, 995
e e e e e e mad e e ee o subtotal _ __101,818
Monthly Investment Cost for OXM Unit .
(Cost per Person)
2.5 R¥F/psn
(Design Populations & Families)

5,958 psas 194 {als o
___»,g,,,_________,,,ﬁ_-___u--_-__-___,_._-___-_‘___I9t@!_Jny§§L9§n§,§9§;/@99§h-_-A,"__L;"_,___Jégﬁgy*
TOTAL O/ COST . - - 116,708, *

0/ Cost per Family  (Level 1} = 1
{RWF) {Level 2) = 92
= 87

{Level 1}

{0
( 0.72 US$).
( 0.68 US3)



‘OPERATION AKD MA!HTENANGE.COSTS OF SYSTEM 2 - [BIRERGA]

rable Q.12
(3)

o — Honthly
- . LLost
Direct /M Cost N _ ] [Bﬁt]
Power Cost unit casmp. . ope. hour . total cnsmp. uniticost daily cost
(llkalﬂ.UthTS %) ) 18. 0 9.8 178.0 8.8 . 128.0 21003.8 = 530,115
(11k$x1.3ﬁx1f2_PS) {rs] . : [PSh] x 0.051/PSh [RWF] [R¥WF?
Repa}r Gast of Tokal Machlnary investment x 7% / 12 = O/N cost p.m. ’
Kachine Parts - : 8,160,000 RWF/uniti ________ 1 ne x 7% /12 = 47, 600
Pipe}ine/Féucets Total investment of pipelines, valunes % fountains x 0.5% /'12 : -
Repair Cost © = 0/M cost p.n. 15,072, 600 RWF/m x D.95%/12 = 6,280
Obérator/ﬂorkef's salary p.u. % No. of operatores
Salary . o 8,000 R¥F/m x 1 - 8, 000
Water Seller(KIOSK Manager) (77.8m3/d x 0.75)x 7FBW x30 days {6 persons) 12,254
________________________________________________________________________________ subtotal ___ 704,240
Monthiy lnvestment Gost Tor O7H Un1t
{Cost per Person) . .
2.5 RWF/psn
(Design Populations & Families) _
3,588 psns 598 fmls
___________ b el TotalTInvestmenl Cost/month_ . ___ . ______ 3,370
FOTAL 0/% COST 713,214

1193 { 9:32 US$)

0/% Cost per Family {Leyel 1} =
(RWE) (Level 2) = 1,113 ( 8.70 US$)
(Level '3) = 1,103 { 8.5F USS)
OPERATICN AND MAINTENANCE COGSTS OF SYSTEM 2 [RUSHMO-1]
- Wonthly
. fost

Direct 0/M Cosgv o ERWF]

Power Cost - -unit cnsap. -ope. hour total casmp. unit cost  daily cost

(7. 6k¥x2x18. 3hx75%} 24.5 4.5 354.3 - 17,17 120. ¢ 42521.'8 1,275,653

(7, 5k¥x1. 36x1.2 P8) [pst ' ' {PSh] x B.G51/PSh L £RWF]

Repair Cost of Total Machinary investment x 7% / 12 - O/M cost p.m.

Machine Parts : _ . 4, 448, 480 R¥F/unity 2 ho x 7% /12 = 51, 839

Pipei}né/Faucets Total investment of pipelines. vatunes & fountains x 0.5% / 12

Repair Gosﬁ . = 0/¥ cost p.m. 24,297,480 RWF/m x §.5%/12 = 14,124

Operaior/ﬁorker‘s salary p.m. b No. of opératores :

Salary ) . . 8,800 8%F/m x 1 = © 8, 000

Waler Seller(KIDSH Hanager) (172.2m3/d % 0.75)x TVR¥ %30 day . (8 persons) 2r1e2

____________________________________________________________________________ §9§I9I91_‘,1“312_33?ﬁ
H&niﬁiy Investlent Cost for O/N Unit T

" {Cost per Person)

2.5 R¥F/psn
(Deslgn Populations & Families)
7. 300 psns 1,218 fBlS

R S U VR U N O T?E?JHEBY§§EP§DEK§9§§(P99§b_"______________lﬁlgﬁﬂ_
TDTAL 0/0 COST 1, 391, 047

0/M Cost per Family (Level 1)
{R¥F) {Level 2)
{Level 3)

[L T ]

1,147 ¢ 8.2 USY)
1,089 ( 8.59 US$)
1,001 ( 8.52 US$)



Table -

Q.12
(4)
OPERATION AND MAINTENARCE TOSTS OF SYSTEM 2 [RUSUNO-2) _
B o ) ' '“"ﬁontHIQ
. — L Cost
Direct O/M.Cost . _ : ) [R¥F]
Power Cost’ unit cnsmp. -ope. hour total cnsmp. unit cost . . daily cost ) :
(11kWx2x17. 3hx?5 §) 35. 9 13.0 465. 9 23. 3 o 128.0 55902.5 1,677, 076
(11k¥x1. 36x1.2 PS) [P§] . [PSh] « 0.051/7PSk [RWF] {REF}
Repair Cost of Tota! Machinary investment x 7% / 12 = O/M cost p.om, - __ s
Machine Parts : 8,161, 200 RﬁF/unlttﬁ"_ﬂ_____g_no x 7% /12 95,214
Pipeline/Faucets Total investment of pipelines, valunes & fountains x 0.9% / 12 -
Repair Cost = 0/M cost p.n. 31,701, 600 R¥F/m » 0.5%/12 = 13, 209
Operator/Worker's salary p.m. X No. of operatores
Salary _ _ 8,000 R¥F/m x 1 = 8,000
Water Scller(KIDSK'Manager) (19923/d x 0.75)x TFRY x30 days {11 persons) 31, 343
_________________________________________________________________________________ subfotal 1,824,841
Honthly Investment Cost for D/M init ~
(Cost per Person)
2.5 R¥F/psn
{besign ‘Populations & Families)
8, 297 psns 1,382 fals -
e ... Total Investment Gost/sonth___ . ____ 20,730
TQTAL 0/% COST _ _ 1,845,871
0/% Gost per Family {Level:1) = 1,335 (10.43 USS)
(R¥F) {Level 2) = 1,267 { 9.89 1S%)
(Level 3) = 1,257 { 9.82 U83$)
OPERATION AND MAINTEWANCE COSTS OF SYSTEM 2 [RUSBHO-3]
- Honthly
o Cost:
Direct C/RK Cost _ : ' o [RWF}
Power Cost unit casmp. ope. hour ‘total cnsmp. . . unit cost daily cost
(7. SkWx2x19.2hx75 % 24.5 14. 4 352.5 . 116 120.0 42301, 4 1,269,043 -
(7. 5kWxl. 36x1.2 P3) “IP8} [PSh} x-0.051/P5h [RKEF] [R¥F)
Repair Cost of Total Machinary investment x 7% / 12 = O0/K cost p.m. . _
Kachine Parts . 4, 448, 480 REF/upits 2 ho x. 7% /12 ¢ 51,898
Pipeline/Faucets Total investment of pipelines, valunes & fountains x 0.5% / 12
Repalr Cost = 0/M cost p.&. 33,167, 860 R¥F/m x 0.5%/12 : = 14, 653
Operator/Worker's salary p.m. X No. of operatores
Salary 8,000 R¥F/m x 1 = 8{000
%ater Seller(KIOSK Manager) (170.5a3/d x 0.75)x TERW 230 day (17 pcrsons) - 26,854
T subEoET T IT0, 441
Monthly Investment Cost for O/ Unit
" {Cost per Person)
2.5 HﬂF/psn
{Design Populations & Families) '.-,
7,278 psns 1,213 tnmls o
,“__--_________-u,“_--_--_____h--____-_-__-----Igtal_iﬂy9§§;n§£l_t-§9§ic[@991:b___w,-__-______1§L_19§__
T0TAL O/M COST B 1,988,644 - . :
0/% Cost per Family  (hevel 1) =° 1,145 { 8, %4 US3)
{RY¥EY (Level 2} = 1,102 { 8,81 U8%)
(Level 3) = ( 8.52 US$)

1,090



rable ©.13
(1)

ESTIMATIONS OF WATER FEE AND O/M COST OF SYSTOM-3

-Commune - . - Sectenr 'I"opﬁlation FAMILY 'Wét'er No. of

Nane Name 2000 2000 Demand  Well O/M Unit  Repair Total  /Fmly
I ; | (w3/day) o {unit:RHF) (USS)
RUKARA  GAHINI 3, 827 638 111.4 12 9,568 15,240 24,808 38.9 0.30
© - KIYRNZI 3,511 586 56.8 6 8,778 7,620 16,308 28.0 D22
- NYAKABUNGO ~ : 2,345 = 391 3.1 5 5,863 6,350 12,213 3L.2 -0.24
NYAWERA 4,024 671 2.6 8 10, 060 10, 160 20,220  80.1 0.24
“ RUKARA . - 6,871 -1, 113 119.9 12 16,693 15,240 31,933 28.7 .0.22
- RWIMISHINYA 3,584 - 599 53.0 ) 8, 985 1,620 16,605  27.7 0.22
" RYAMANYONI - - 3,450 575 60.2 14 8,625 17,780 26,405 :45.9 0.36
L. TOTAL..___ 27,428 - 4,878, __ 507.0_ .63 __ 68,570 _ 80,010 ~ 148,580 82,5 . 0.25
MUGESERA  CYIZIRIRA 4199 7100 63,1 8 10,498 10, 160 20,658 29.5  0.28
" GATARE A3 719 6%.6 9 10,778 11,430 22,208 .30.9 0.24
- KAGASHI 5, 137 857 - 81.8 11 12, 843 13,970 26,813 3L.§ 0.24
KAREMBO 814 103 9.4 .01 1,535 1,270 2,800 2.2 0.2
KIBARE -~ 4,802 . 816 15.8 10 12, 2%0 12,700 24,930 3006 0,24
KIBILTZI-1, 5 169 862 83. 2 9 12,923 11, 430 24,853 28,3 0.22°
KIRAMBO- .. 3,584 598 5.9 7 8,90 8890 17,850 29.8 0.I3
KUKABUYE - - 2,936 490 45.2 5 1,340 8, 350 13,690 - 27.¢ 0.22
MATONGO 3,726 621 96. 0 7 9,315 8, 890 18,205 29.3 0.23
NGARA 3,94 658 62.0 1 9, 860 8,890 18,750 - 28.5.- 0.22 -
CNYANGE- ~ - 3,108 518 = 57.8 B 7.763 10,160 - 17,923 34.6 0.21
SANGAZA 4,190 699  67.6 9 10,475 - 11,430 21,905 313 0.24
- SHYWA- - © 3,831 856 - 62,4 8 9,828 10, 169 19,988  30.5 0.24
TAZA 2,064 . ‘344 . 996 13 5160 16,510 21,670 63.0 0.49
ool JOTAL .. 51,802 8,641 886.9 112 129,505 142,240 _ 271,745 :31.4 0.25
SAKE ~ MBUYE 2,010 33 310 4 5,025 b, 080 10,105 30.2 0. 24
- MURWA 9, 666 945 100.3 13 14,165 - 16,510 30,675 . 32.5 0.2%
RUKUMBERI 5,058 1,040 9%.5 13 15,145 16, 510 31,655 813 0.24
. SHOLI 5,821 -921 - 89.3 12 13, 803 15,240 . 29,043 3.5 0.25
ceoowoo.. o JOTAL 18,255 3,201 320.1 42 48,138 53,340 101,478 31.6 0.25
KAYONZA  GASOGI 2,617 431 4L% 5 b, 543 5, 350 12,893 29.5 0.23
- MBURABUTURO 1,932 822 28.1 3 4,830 3,810 8,640 26.8 -0.21
MUSUMBA. 1, 471 . 246 24.2 3 3,678 3,810 7,488 -30.4 0.24
~ NYAMIRAMA 3,285 - 548 53.8 6 5,213 1,620 15,833 28.9 0.23
RUTARE 3, 267 545 51. 6 6 6, 168 1. 620 15,788 29.0 - 0.23
RWINKWAVU 448 - 75 9.1 -2 1,120 2, 540 3,660 48.8 0.38
SHYOGO L4938 o 23 22,7 3 3, %08 3,810 7,318 313 0.24
il TOTAL . 14,423 2,400 .232.0 28 35,088 35,560 71,618  29.8 ~0.23
" RUTONDE - KADUHA 1,339 224 20.3 3 3, 348 3,810 1,158 32,0 .25
' RUTONDE 3,326 555 54,6 b 8, 315 7.620 © 15,93 2871 0.22
- RWERU 930 1538 14.0 2 2,325 2, 540 4,866 31.4 0.25
SOVU 3,240 541 520 6 8110 . T.620 15730 29.1 0.23
il TOTAL. 8,839 __ L 475 _ 140.8 17 22,098 21,580 43,638 . 29.6 0.23
KABARONDO BISENGA 2,223 371 36.5 4 5,558 5, 080 10,638 28.7 0.22
MURAMA o ML 197 15.0 2 2,353 2, 540 4,893 312 .24
NKAMBA : - 934 186 - 14,1 2 2,335 2, 040 4,875 381.3 0.24
RURAMIRA 1,814 319 32.5 4 4,785 5. 080 9,865 30.9 0.24
RUSERA 2,159 360 32.%5 4 5, 398 5, 080 10,478 2901 0,23
RUYONZA - LU15 186 167 2 2,788 2,540 5,328  28.6 0.27
~ SHYANDA - o887 . - 148 4.2 Z 2,218 2, 540 4,788 32.1  0.25
5 20 25,433 25, 400 50,833 30.0 0,23

_TOTAL 10,173 1,697 161
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ESTIMATIONS OF WATER FEE AND O/M COST OF SYSTEM-3

. Commine Secteur Population FAMILY Water MNo. of :
Name Name 2000 2000 Demand  Well OM Unit Repair - Total = /Fmly
. - L {m3/day) o S {unit:RWF) (US$)
KIGARAMA  GASETSA 1] 116 12.3 3 L4000 3,810 5,550 -47.8 0.37
GASHANDA 2,326 388 4.4 5 5,815 6, 350 12,165  3L.4 0.24
KABARE-1 1, 507 252 38. 6 4 4,768 5,080 . 8,848 35,1 0.27
KABARE-Z 3310 962 61.1! 10 8,425 12,700 21,125 37.6 0.29
KABERANGWE LT14 286 28. 9 3 -4, 285 - 3. 810 8,095 - Z8.3 0.22
KANSANA 2,39 - 400 43.2 5 5, §88 6,350 12,838 30.8 0.4
REMERA ~ 1, 748 292 3.8 4 4, 310 ‘5, 080 8,450 3.4 0.2%
RUBONA . 5, 110 1. 019 107.7 11 15,276 . 13.970 29,245 .28.7 0,22
RURENGE 1,924 321 33.3 4 4,810 5, 080 9,890 30.8 0.24
VUMAE 4, 441 741 2.1 8§ 11, 103 16, 150 21,263 28.7 0.22
e o..._TOTAL_ 26,231 4,877  470.4 57 __ 65,5678 72,390 137,868 31.5 0.25
- RUKIRA GASIRU 1,733 289 B SR | -4, 333 5,080 - 9,413 32.6 0.25
: GITWE 2,056 348 34.2 4 5, 140 5, 680 10, 220 --29.8 0.23
- MUSHIKILY 1,786 298 28.1 4 4, 465 5,080 9,545 32,0 0.2%
NTARUKA - 224 38 3.9 1 560 1. 270 1,830 . 48.2 0.38
RUGARAMA 1,883 34 2.6 - 3 4,708 3,810 ‘8,518 2.1 0.21
e TOTAL . _ 7,882 1,282  123.2 . 16 18,205 _ 20,320 __ 89,525 30.8 ~ 0,24
BIRENGA - BARE 1, 237 207 21.9 3 3,093 3,810 6,908 -.83.3 0.26
: . BIRENGA . 1,351 225 23.9 3 3,378 3,810 7,188 318, 0.2%
GAHARA 3,709 B9 62.6 T 9,273 3,890 . 18,163 29.3 0.Z3
GAHULIRE. 1,512 252 4.5 3 . 3,780 3810 7,590 -30.1 0.24
(FASHONGORA 2,231 312 35. 4 4 "5, 518 5,080 . 10,658 28.6 0.22
KIBAYA 3,570 59% 58. 8 6 8,825 1, 620 16,545 27.8 0.22
KIBIMBA 1,522 254 26. 9 3 3, 805 3,810 1, 615 . 30.0 0.23
SAKARA 2,110 352 33.9 4 -§,275 5, 080" 10,355 29.4 0.25
e TOTAL 37,242 2,877 287.6 33 _ 43,105 41,910 85015 28.5 0.23
RUSUMO - GATORE - - 3,285 948 h4. 2 ] 8,213 1,620 15,833 '28.9 - 0.23
KANKOBWA 4, 841 808 79.5 30 12,118 38, 100 50,218 - 62.2 0.49
KIGARAMA 3, 361 561 53.4 6 8, 403 1,620 15,023 28.6 06.22
KIGINA 5, 838 - 973 102,19 11 14, 595 13,976 28,565 .29.4 0.23
KIREHE 2,149 359 . 36.6 4 5, 373 5, 080 10,453 -29.1  0.23
MUSAZA 6,978 1,183 108.0 11 17, 445 13, 970 31,415 27.0 0.21
NYABITARE 5, 1711 - 863 32.8 ! 12, 943 11,430 24,373 8.2 0.22
- NYAMUGALIT 1,679 280 28.2 5 4,198 6, 350 10,548 31.7 -0.29
NYARUBUYE " 13,458 576 59.9 ) 8,638 8,890 17,628  30.4 0.4
TOTAL “36, 769 6, 181 605. 3 89 91,923 113,030 204,958 -38.4  0.26
TOTAL : 219, 844 36, 671 3735 471 548,610 605,790 1,155, 400 8315 0.25
_ OPERATION AXD MAINTEMNANGCE COSTS OF SYSTEM 3
- B Honthly
B : Cost
Direcl 0/M fost ' . _ {RwFl
Repair Cost Total investment of manual-pump x 7.0 % / 12 _ : '
= 0/4 cost p.n. 217,780 F/wellx I no.x 7.0%/12 1,270
e e e O/B CoS Y per Weddz 1,270
Monthly Investmeni Cost for O/M Unit _ _ S
{Cost per Person} 2.5 BRWE/person {Gpetsons/fuly) 0/M Cast per Faaily = : _ 15
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APPENDIX R

SUPPLEMENTARY STUDY

Supplementary Studies which are requested from MINITRAPEE
are carried out to provide further examlnatlon results of
Phase IIX Study. :

The studies consiSt of three teams as below:

- Introductlon of “Solar Energy Pump”

- Introduction of Piped-water Supply FaCllitleS to the
System-4 Axreas

- Extension of Plped -water Supply FdGllltleS in Rukara
Area

1. POSSIBILITY OF IxTRODUCING SOLAR ENERGY PUMPS
1.1 GENERAL

In General, the merits of a solar panel (photovoltaic
power generatlng system) are as follows:

Based on the above merits, there is a hlgh potentlal for
using solar panels as power sources: for ‘the pumps used in
domestic water supply projects. However, as a solar
panel has ‘the following demerits, there are technical and
economic restrictions for its introduction:

Initial:cqst-for'instéllatiOn is high
. On cloudy days, its efficiency is low
Pump head and discharge are restricted

1.2 OQUTLINE OF SOLAR PUMPING SYSTEM
(1) System Selection

‘Solar pumping systems can be used with or without
battery(see Fig. R.1). In a solar pumping systenm,
usually batteries ‘are employed to store the electrical
energy from sunlight during the day for use at night.
However, a pumping system without batteries is more
advantageous.; In a pumplng system without batteries,
solar radiation energy, which is converted into
electricity by means of photovoltaic modules, is directly
supplied to the pump and is transformed into potential
energy for pumping water. A pumping system without
storage battery has the following benefits:



(2)

. No need for maintenance

. High efficiency rate -

+» System configuration is simple with hlgh rellablllty
. Inexpensiveness o

In'a puimp system with storage battery, solar radiatlon
energy is converted into electricity by means of
photovoltaic modules and stored in the battery, which
then drives the pump. :

Such a pumping'system hag the following benefits:
. Water can be pumped whenever it is needed .
- A large volume of water can be pumped with a small
capacity pump operating 24 hours a day.
Pump Selection

Both DC and AC types of submer51ble pump can . be prOV1de
for solar pumping system. The characteristics of the

_both types of pump are as below:

DC Submersible Pump: '

The DC submersible pump is ideal in situations where the
volume of water required is relatively moderate (less
than 100 m3/day) with lifts (total head) less than 20
meters and is suitable for raw water supply from rivers,
ponds, marshes or open wells. A DC submersible pump
incorporates a DC motor which comes brush-less or with
brush. Brush-less type requires no maintenance angd is
suitable for small capacity below 200 W. = As for pumps
over 200 W they are with-brush type because of" economy,
however, our pumps are of special design to enable
replacement of brush even for submersible type.




AC SubmerSLble Pump:

The AC submersible pump is ideal in situations where the
volume of water required is moderate-to-high and is
-suitable for raw water or clean water supply from wells
deeper than 20 meters.

'SOLAR | ! De/AC /[ Ac
ARRAY INVERTER PUMP

(3) Capaéity of Solar Pumping System
1) ne Pump System

DC pump systems have been standardized into the nine
types listed in the graph below. The selection of “he
proper pump can be made by knowing the total head and the
required. volume of water on a fine day. For example,
when the water requirement is 20 m3/day at a total head
(static head) of 16 meters, a Type 7 can be utilized.



These DC pump systems have been manufdctuled for
simplified use in pumping small amounts of water. These
pumps are designed to be used without a storage battery,
by direct connection with the photovoltaic modules.

Submersible pumps in the lower output'DC pump 9ystems
come with brush-less DC motors. These motors require no
maintenance work on the brushes and are easy to use.
However, for economic reasons, submersible pumps in the
larger capacity DC pumps system use DC motors with
brushes. These nmotors regquire perlodlc malntbnance or
replacement of the brushes.

pre('ted daily flow rate. ut 600mWh/en®- day ir radlance
([)ata based o artual field Lest 1'esu1ts in J dpan}

40
Lo 2 :bMBZ 50-2/2
35 -~ SMB-200:8/4
- SMB2-200-8/4
- SMB35-200- 8/4
_ : 6 -—- SMD-760-18/8
20 e - SMD2:-750-18/6
¢ 8 — SMD-7H0-28/7 -
--- BMD2-750-28/7
Tolal 25
Ifead
{m)
20
15
10
5

20 40 GQ , 80 100 120 140 160

2) AC Pump System Daily watcrvolumc(m‘!day)

AC pump systems have been standardized into the over 15
types as listed in the graph below. These AC pump-
systems have been manufactured in series for use in full—
scale water supply systems



All of these AC pump systems can be used in direct.
connection with photovoltalc modules and an invertor and
do not need batteries in order to operate effiolently.
The invertor incorporates a MPPT control which ensures
maximum efficiency of the photovoltaic modules in respect
to variations in solar radiation. It also has other
functions required for automatic operation without using
a storage battery.

Besides the submersible AC pumps listed in the graph,
almost all 3-phase AC pumps can be used in combination
with photovoltaic modules and an invertor. When a self-.
priming pump or mixed-flow pump is reqguired. ~Note that
when a pump system of smaller capacity than those listed
in the graph is required, a DC pump system can be used.
If, on the other hand, a pump system of larger capacity
than those listed in the graph is required, several pump
units can be utilized in parallel.operation._ S

prected dmly ﬂow rate at GOOmWhIcm -day Ir radmnce
(Dal;a based on actual ﬁeld tesi; resulbs ind apan) '

1 --- SMA-550G-18/18
2 -—-SMA-1.1G-36/18 . &
220 3-‘_~'SMA-1.5G—54/18 B
4 - SMA2.20-T2/18
L SMA-3.7G-126/18
200 2 SMA25500G-18/18 -
7 SMAZ2-1,1G-36/18
8 - SMA2-1.5G-54/18 &
180 9 - SMA2-2.2G-72/18 . &
10 - SMAZ-3.70-126/18 &
11 -SMA3-1.1G-36/18
160 : 12 - SMA3-1.5G-54/18
13 - SMA3-2.2G-72/18
- 14 . SMA3-3.7G-126/18
15 - SMA4-1.5G-54/18 .
140 - 16 - SMA4-2.2G-72/18
17 - SMA4-3.7G-126/18
Total _
Ilead 120
{m}
100
80
60
40
20

40 80 120 160 200 240 280 320

Daily walervol ume (nv¥ctay)
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(4 Examination of the Possibility of Inﬁrcducing Solar
Energy ' :

Pump 1nt0 the Phase III Proiect

There are two possible cases for 1ntroducxng qolar energy
pumps into the Phase 1III Project, they are:

Case 1: Introduction into a System 2_aréa'(small+
: - - scalepiped water supply system) employing
a diesel engine operated pump. :

Case 2: - Introduction in a System 4 area (roof
: - catchment system) to install a plped
system.

The deszgn water supply amount and pump head in the above
two case areas are listed in Table R.2 and Fig. R.2.

When the solar. energy pump is used for more. than 120 m of
1ift, the daily pumping amount will be restricted to less
than 30 m3. Therefore, the only possible area to o
introduce a solar energy ‘pump would be the R~22 Area
(System 4. : .

By lowerlng the water distrlbutlon tanks by approximately
50 m, it would be possible to introduce solar’ energy
Dumping systems in the following three areas:

R~1 Area (System 4)
R-2 Area (System 4)
R-5 Area (System 4)



(5)

(6)

System'COMponent and Its Cost

R-1, R~2, R-5 and R-22 areas are considered to have a
p0381bllity of solar ‘energy punp facilities (SMA-3.7G-
126/8) installation (see Table R.2). The system
components and its costs are estimated as below:

: : : Co ' : unit:FRW
Item = Quantity Unit Cost . Svstem Cost
.Solar battery 126 160,00 20,160, 000
panel ; :
.Supporting 21 72,000 1,512,000
- facilities : L : =
Invertor . -1 1,426,000 - 1,426,000
. Pump 1 1,890,000 1,890,000
.Accessories 1 . : : 1,000, OOO
Sub- total ‘ ' _ _ 25,988, OOO
_Construction work- o : 2,012,000
TOTAL" 28,000,000

* The cost is CIF at Kigali

Conclusion

The 1ntroduct10n of solar energy pump to the Study Area
is con51dered to be unsu1table on account of follow1ng

reasons:

- Higher cost compare with generator system
- Requirement of high maintenance technigue
- Unstable workability during rainy season



2. ALTERNATIVE STUDY FOR INTRODUCTION OF PIPED WATER SUPPLY

2.3

FACILITIES TO SYSTEM 4 AREAS

GENERRL

SYSth 4 (rainwater harvesting system) is designed based
on the agsumption that it is no need to satisfy the basic
development policy in dry sedson because of the.
economical reason. Thus, to secure a safe and stable
water supply to satisfy above policy. even in dry season,
it is necessary to introduce System 2 (piped supply
system with groundwater development) instead of System 4
in the area where System 4 is planned to install in thls
prOJect. ' . .

The alternatlve study was made to examlne the posszbility
of installing System 2 in System 4 installation area and -
the result of the study is given as the followings.

STUDY OF INTRODUCING SERVICE BLOCK

The project area installed System 2 instead of System 4

could be divided to 27 Service Block in ‘consideration of
hydrogeological conditions, topographic condition, :

boundary of administrations and so on. . The div1ded

- Service Blocks are presented in Fig. R.3.

POPULATION SERVED AND WATER DEMHND

The population served and water demand of service blocks
are presented in Table M.10.

WATER SUPPLY FACILITIES

The specification and quantity take off of water supply
facilities are tabulated by each service block in Table
R.4 and the outline arrangement are shown in DATA BOOK of

Volume V.
CONSTRUCTION cosT

The construction cost of the alternative plan (1nstalllng
System 2 in System 4 installation area) is 2, 097 million
FRW, which is tabulated by each service block in Table
R.3.



3. STUDY FOR EXTEN&ION POSSIBILITY OF RUKARR PIPED WATER
.SUPPLY FACILITIES

Some portions in Rukara Area ig and will be covered by
piped water supply System as shown in Fig. R.4. The
extengion possibility from the System is examined in the
‘Section.

Basically, the extension development is not proposed at
this project stage because of the low potentiality of
existing water source and the hlgh development cost per .
capita. :

3.1 DEVELQPMENT POTENTIALITY GF WATER RESOURCE

Existing and planned water sources for the Rukara water
supply block are springs as below:

L Discharge.
Chatkue-1 : 0.65 liter/sec
Chatkue-2 0.77 liter/sec
Gajarama : 1.80 liter/sec

The total amount of 278.2 m3/day is considered to be a
maximum capacity for the system.

Based on the spring water yields and unit water .
demand{130 liter/family), possible capacity of supplied
population is estimated as a follow:

278.2 m3/d S .
0.13 m3/8 = 2,140 families (= 12,840 persons)

3;2 EXAMINATION OF EXTENSION POSSIBILITY

The population which will be covered by the existing
and/or planned water supply system, is estimated around
11,000 person in 19%1. Therefore, no surplus of existing
water source for further exten51on is expected

In addltlon according to the supply plan of MINITRAPEE,

since the f30111t1es are designed using the water source
‘capacity of 278.2 m3/day, it is estimated that the water
supply facilities have few room of extension poqsibility.

Thus, it is proposed that new water resource should be
developed when the exten51on of the system will be
planned. :

{1)_Study‘fbr Extension to Surrdunding Area of the System

The condition to extend piped facilities to neighboring
areas ig discussed in Section 7 of Appendix L and



extending cost to an area of 4 km2 of 210,000 USS is
estimated. - If per capita cost of construction is empoied
as-given in Appendix L, the piped facilities will be
installed in the areas whose the population density of.
over. 350 persons/xmz is considered to be suitable to
ehtend ’ . .

The populatlon of the surrounding area isg below 300
persons/km2 in 2000 as given in Appendix D. Therefore, |
extension proposal from the system is not’ recommended at
this Study Stage.

(2) Case Study of Extension Plan

In addition; extension plan to Karamba was'ekamlhed as a
case study. The plan is given in Fig. R.5 nd desxgn
capacities/estimated costs are as below:

: . _ Cost(Milllon FRW)
.1 Well(new water source)(D = 60 m) 7.9
.Transmisgion Pipeline(dia.?75 mm x 2,200 m) 22.7
Distribution Pipe{dia.30-50 mm % 11,200 m) 20.2
.Electric transmission line(2,000 m) 1¢.8
.Other related facilities . i 9.7

Total | 80.3

The populétion of the served area in 2000 is estimated as
around 3,100 persons. Therefore, the construction cost per
person is; '

25,900 FRW(202 US$)/person

and the cost is not suitable to proposed that the extension
of piped supply facilities.

As the conclusion, the extension plan of the existing
/planned water supply system in Rukara to the surrounding
areas which have less than 300 persons/km2 of population
density, is not satisfied on acgount of high construction
cost per capita. .

R - 10
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List of Candidate Area for Solar Pumping System

Table R.2

Name of No. of

Daily Total

Water Head

Case System families - volume  (m) Remark
' (m3/day) =

1 Rutonde - 620 a3 120 40
Rusumo-1- 1,217 197 210 20
Rusumno-2 1,382 229 330 *E
Rusumo-3- 1,120 182 230 23

2 'R-1 53 9 260 - 220 -40m O.K.
R-2 26 5 230 180 ~-50m @.K.
R-3 - 223 36 300 100
R-4 375 59 . 140 60
R-5 . 154 27 140 130 -10m O.K.
R-6 251 40 230 80 '
R-7 348 54 230 65
R~8 325 .50 230 70
R-9 3086 49 1¢0 70
R-10 178 27 310 130
R-11 151 23 270 150
R-12 134 22 230 152
R-13 _ 112 21 330 155
R-14 251 40 350 80
R-15 421 67 280 55
R-16 _ 191 32 280 120
R-17 301 51 210 67
R-18 344 56 150 64
R-19 © 281 46 230 75
R-20 462 72 350 52
R~21 199 31 190 115
R-22 115 20 120 160 0.K
R~23 1,185 189 320 23
R-24 144 23 350 150
R~25 122 21 340 155
‘R-26 1,422 220 350 *&
R-27 274 44 350 76

R - 13



rable R.3

R - 14

Unit Rate Anount _
NO. DESCRIPTION UNIT | QUARTITY Total Total REMARKS
- (RWE) . (RYF) .
Water Supply Faciliyies of ' ' . ' .
System-4 (1) Cost per _head USS |
1|R1 - L.S. 40, 650,100 | - 1,323
2 |R2 L. S. | 40,264,600 1,388
_3|R3 L.S. 67,421, 480_ 310
4 | R4 1. S, 50, 350, 160 ° 175
__5|Rs L.S. - 47,476, 340 403
6 | Ré L.S. 19, 496, 660 113
7T1RT L.S. 5, 665, 180 343
§1R8: - L.S. . 66, 718, 520 267,
91R9 L.S. 95, 358,300, 401
10.1 k10 L.S. 49, 119, 400 . 366
11} RLt | L.S. 48, 229, 900 418 |-
12 1R12 L.S. 41,513, 600 404 |
13 [ R13 L.S. 112, 291, 360 1, 305
14 [ R4 | L.S. 67, 009, 260 | 348
15 | R15 L.S. 66, 945, 880 ~ 207
16 | R16 o L.S. 58,.286, 140 397 |
111817 L.S. 52,572, 540 228
18 [ Ri8- L.S. 58,458, 220 222
191 R19 L.S. 63, 715, 340 N 296
20 | R20 L.S. 87,132,617 267
Unit Rate |  Amount
NO. DESCRIPTION UNIT | QUANTITY Total Total REMARKS
(RWF) (RHF)
I Water Supply Faciliyies of . q
System-4 (1) .. - .Fost per head US$
21 | R2t L.S.. 54, 571,500 | 302
22 | R22 L.S. 40, 897, 780 463
23 |R23 L.S. 129, 033, 860 180
24 | R24 L.S. 18, 553,760 260
25 | R25 L.S. 91, 446, 500 320
26 | R26. L.S. 181, 413, 940 202
27 | R27 L.S. 61, 205, 240 B 291
Total - [, 906, 467, 1717
{continue)



Table R.4
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