(3) Adequate Durability

Preference will be given to adequate durability of wearing
parts even though the price of the pump may be considerably higher.
Wearing parts should last for 2-months at least in actual
operation, otherwise employment of manual operated pumps in the

rural area will become meaningless,

The average discharge capacity of the pump is 500 to 1,300{/hr
which is enough to supply water for a population of 330 to 860 per day on
the basis of a daily operation of 10 hours and 15{ of the design level.

Pump Specifications

a) Model Shallow type Dgep type
b) Depth (M) i- 50 20 -~ 70
C) Average output (L/H) 800 - 1,100 50 - 1,300
d) Min, diameter of ‘ .
borehole (mm) 76 (3in.) 100 (4in.)
e) Discharge pipe Polyethylene Polyethylene
- Size (mm) . 18 x 26 20 x 32
- Weight (kg/m) 0.25 0.27

4.9.3 Pump Outlet

In order to protect well water from contamination by surface
drainage or waste, an elevated concrete platform will be placed over the
well with a simple drainage ditch around it, A fence will also be
installed to prevent intrusion by livestock.

. A typical arrangement of such facilities is shown in FIG, IV-8,

4.9.% Rainfall Storage Unit

The rainfall storage unit is designed to supplement insufficiencies
in the main water source during the dry season, from June through August,
The unit is particularly advantageous when it is installed in districts
where ground water 1s not available at a reasonable depth. Standard
capacity of the unit is designed to supply 100 families (with 5 members
each) with 30m3 of drinking water per month (104/Ffamily/day).
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Estimation of available rainfall is as described below.

(1) Available Rainfall

More than 2mm of daily rainfall is assumed to be ocollected
and stored in the tank, even considering several kinds of losses
such as evaporatlon and runoff. Rainfall records in 1974 were used
in estimation as the total rainfall in that year was 955mm, which
is close to the average value (969mm) during the past 11 years,
from 1973 to 1983. Rainfall in 1974, also represents the typical

rainfall pattern in the project area as shown in FIG. IV-9,

(2) Design Rainfall

Yearly rainfall variation wmust be considered in order to
design the surface area of oollecting yards and the capacity of
reservolrs, Based on investigation of rainfall for 11 years from
1973 through 1983, the variation factor was determined as 85%.

Desigh value of rainfall can be calculated as follows:
unavailability %

100

Design rainfall = (rainfall in 1974) x (1 = x 0.85)

(3) Design Capacity of the Facilities

The size of the collecting yard and the reservoir 1s designed
at 500m2 and 100m&, respectively, The collecting yard will have
an annual capacity of 373m3 of rain water while the reservolr will
provide approximately 30m3 of water year-round which will be stored
monthly throughout the year, The lowest =storage level will be
13.7m3 in September and will recover to 112.6m3 in May.

() Pringiples of Collection and Reservoir Design

The collecting yard of 500m2 can be divided into a few small
yards, depending on the topographical conditions at each site and
these amall yards will be connected with covered ditches or pipes
to a reserveir. Around the collecting yard, fences and dralnage
ditches will be placed so as to keep the surface of the yard clean.
In some places, existing unpaved roads or other spaces can be used
by covering the surfacée with concrete. Elevated places are

preferable for the installation of the collecting yard.
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The reservoir should be a closed type and may be constructed
of stone or bricks, which are inexpensive. The inside wall should
be waterproofed.
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SUMMARY OF DESIGN WATER DEMAND

TABLE IV-2

ESTIMATED 4 OF DESIGN
POPULATION DAILY WATER DEMAND DAILY WATER
COMMUNE IN 1990 DEMAND (GROSS) COVERED DEMAND (m3/d)
(m3/d) BY SPRING
BIRENGA 48,343 1,807.7 54.9 490.6
KABARONDO 34,276 771.2 53.6 357.8
KAYONZA 25,757 579.5 25,1 434.0
KIGARAMA 48,833 1,098.7 50.9 539.5
MUGESERA 53,880 1,212.0 60.7 476.3
MUHAZI 41,284 928,9 6.3 870.4
RUKARA 35,811 805,17 S 11,1 716.3
RUKIRA 43,098 969.7 29.7 681.7
RUSUMO 64,352 1,447.9 45,9 783.3
RUTONDE 35,707 803.1% 76.0 192.8
SAKE 43,702 903.3 28.6 702.1
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TABLE IV-5

HYDROGEQOLOGICAL CONDITIONS OF
THE AQUIFER AT EACH TEST BORING SITE

Location

(Secteur) Basement Overburden Agquifer Topography Type
. KAYONZA quartzite/schist clay/thick sand quartzite wide valley S
(RWINKWAVU) (dominant schist) and gravel with ({confined/ flanvial fan +
boulders unconfined) D4
. KABARONDO quartzite/schist clay/thick sand quartzite narrow valley
(KABARONDO) (dominant and gravel with (confined) colluvial Do
quartzite) boulders
RUKTIRA guartzite/schist elay/thick sand quartzite wide valley 39
(RURENGE) (dominant schist) and gravel (eonfined) marsh +
D1
. RUSUMO quartzite/schist clay/thick sand quartzite narrow valley
(KIGINA) (dominant and gravel (confined) steeply Dy
quartzite) inelined layer
. KIGARAMA quartzite/schist olay/thick sand quartzite wide valley 32
(GASETZA) (dominant schist) and gravel (confined/ alluvial +
unconfined) Dy
. SAKE granite thin clay layer granite/ terraced hills
(SHOLI) weathered hill side D3
layer
{conrined)
» BIRENGA quartzite/schist elay/thin sand guartzlte narrow valley
(BIRENGA)  (dominant and gravel (confined) mountainside Do
quartzite)

IV -43



adfgy Zqg (VONTgIg)
(osn utr mou) dund Tepad qo04 n*e g £t oY% 29-HE 00°gS voNEuIg L
JS1BM 8¥TJ3S 30U PIP
10gq HooJapsq SUOZ 1TURLS (I70HS)
podsygeem ySnodyiy pedog  J27EM oU - - - 00°gs q£IVS 9
sanang ur dund Jomod
lg-¢g 3o esn aoj TEOTAUS30g (VZIYSYD)
(osn ut mou) dund tepsd joo0g 02t Lig°LL Ge L6-Gh &84S VAYYYDIN *§
(VNIDIM)
odfy lg aeqem ou - - - 00°9% oWHOasSaY “f
adfq <g-lg (FONFHNY)
(esn ut mou) dumd Tepad 3003 0°2 gL ge g gt 9E-0¢ 00°eh VETINY "€
adiq €qg (ocaNouveavi)
(esn ut mou) dund Tepad 3004 0°z 0561 o 2H-0t 09 gy OaNoHVIVY “Z
sanqnz ut dumd gemod
¢g-lg Jo °sn Joj TEoTIUEd0g (NAVMINIMY)
(esn ut mou) dumd Teped j004 06l on"6 G2 Zh~9¢ S8 gk VZNOZVY °L
(Usgm) (w) (m) (um) (m) (a0309g) oy
1UaWmoy) PISTXL 12497 JedeM  yjdeq dung yadsg asuteais  yadag Tism UOTqEOO0T

SI'INSHY DNTHOY ISHL 0 XUVHHNS
9=A1 9TV

1V - 44



TABLE IV-8
WATER QUALITY TEST RESULTS

Water Nyakora Kodilidimba Sendaya Rwinkwavu Kadilidimba
Source River River River Pond River
Rugazi: T Rugazi: I Nkondo West
Items (1) (2) (3) (4) (5)
Date of Analysis Aug.23,'85 Aug.26,'85 Sep.26,'85 Sep.24,'85 0ect.10,'85
NO2 - N Oppm Oppm 0.05ppm Oppm
NO3 - N 0 0 2,0 0 0
NHY - N 0.8 0 0.5 0 0
Ccl 115 140 100 130 150
Crb+ 0 0 0 0 0
Cu 0 0 0 0 0
Fel 0 1.0 0.5 0 0
in 0 0 0.5 0 0
pH 8.0pH 7.0pH T.0pH 7.0pH 7.5pH
Caop » 20 > 20 7 20 20 5
CaC03 255 150 50 140 150
Colon Bactisille b ++ ++ ++ ++
Other Bacteria ++ ++ ++ ++ 44
Tervidity > 100 > 100 > 100 > 109 50
Temperature 20°¢ 16°¢ 179¢ 209¢ 209¢
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TABLE T1V-8
WATER QUALTITY TEST RESULTS

Water
Source

Items

Kabilizi Ruvuvu HKano"
Rurenge Gasetsa Kayonza

(6) (7) (8}

"Kano" Public Faucet

Rutonde
Ngungu
(9)

near Somirwa
Hospital

(10)

Date of Analysis
NO» - N

NO3 - N

NHy - N

cl

crb+

Cu

Fel

in

pH

coD

CaC03

Colon Bactisille
Other Bacteria
Tervidity

Temperature

Sep.7,'85 Sep.24,'85 Aug.26,'85

Cppm Oppm Oppm
0 0 0
0.4 0 0
50 110 80
0 0 0
0.5 0 0
0.5 0 0
0 0 0.5
7.0pH 8.0pH 6.0pH
> 20 >20 15
105 110 150
ot ++ -
++ +4 +
> 100 > 100 00
199¢ 200¢ 169¢

Sep.24,'85 Sep.24,'85

Oppn

5.5pH

100

o
17°C

Oppm
0
1.0
135
0
0
0.5
. .
8.5pH
10
130
++
++
> 100
200¢
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TABLE 1V-8
WATER QUALITY TEST RESULTS

Water
Source
Items

Nyankora Kabarondo Rukira Kigarama Birenga
Test Well Test Well Test Well Test Well Test Well
No.1 (11) No.2 (12) WNo.3 (13) No.4 (14) HNo.5 (15)

Date of Analysis
NOs - N

NOg3 - N

NHy -~ N

Cl

cnb+

Cu

Fel

in

pH

CcoD

CaCO3

Colon Bactisille
Other Bacteria
Tervidity

Temperature

Aug.23,'85 Aug.23,'85 Sep.25,'85 Sep.12,'85 Oct.25,!85

Oppm Oppm Oppm Oppm Oppm
0 0 0 0 0
0 0 0 0 0
5 90 75 85 75
0 0 0 0 0
0 0 0 0 0.5
0 0.2 0.2 -0 0.2
0 0 0.5 0 0
7.0pH 6.5pH 6 .0pH 6.0pH 7.5pH
0 0 0 0 0
125 150 50 45 50
0o 00 00 00 0o
17°¢C 180C 210¢ 220¢ 200¢
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TABLE IV-9%
WATER SUPPLY DISTRICTS

No. of Water Supply Distriots

No. of No. of

Commune Sector Cellules Ideal Program Working Program

Wells R.F.S Units Wells R.F.S Units
1. Birenga 12 59 57 41 3 2
2. Kabarondo 12 60 32 19 12 o1
3. Kayongza B 38 18 by 15 1
4, Kigarama 11 66 39 17 19 1
5. Mugesera 15 75 59 Y 0 1
6. Muhazi 12 66 40 0 25 1
7. Rukara 8 52 27 0 24 1
8. Rukira 10 58 4 18 16 1
9. Rusumo 10 99 69 49 17 1
10. Rutonde 9 51 38 20 2 1
11. Sake 13 70 69 14 3 1
TOTAL 120 694 489 186 136 12
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Fig. V-1 Classification of Water Sources(well types)
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FIG. Iv-9

TIPICAL DESIGN OF THE WELL




Fig. VI-10 Typical Design of Pump Platform
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CHAPTER V

PROJECT IMPLEMENTATION

5.1 Executing Agency

The Ministry of Public Works and Energy (MINITRAPE) is the
exeouting agency for the project and the General Direction of Water, =a
department within the said Ministry, 4is in charge of actual project

management and coordination.

5.2 Implementation Program

Implementation of the project is urgently required to solve water
supply problems encountered in the project area, where a great majority of
people rely solely on heavily contaminated surface water and springs for
their daily water supply. At present, however, lack of financial and

technical resources within Rwanda hinders prompt implementaticn.

As indicated in 2.6.4, all past water projects have been largely
Financed (85%) by aid from foreign governments. Boring machines required
for well construction are unavailable from both government agencies and
private companles. Moreover, local contractors have no actual experilence
in boring work, while only a few of the engineers employed by the Ministry
of Industry, Mines and Artisans have such experience, Consequently,
implementation of the project will be greatly affected by the availability
of both financial and technical foreign aid.

Although a short implementation period is most desirable, a
realistic schedule must be considered due to actual oconditions and
limitations in Rwanda. A five-year implementation period is proposed by
the study team as most appropriate. The proposed period will consist of

two phases; phase-1 covering two years and phase-2 covering three years.

In phase~1, implémentation will mainly be undertaken with foreign
grant aid and technical cooperation. During this period, the Government
of Rwanda will obtain necessary machinery and equipment provided by
foreign ald and at the same time, key Rwanda personnel will participate in

project execution and receive as much technical training as possiblé.



In phase 2, implementation will be conducted by MINITRAPE with
partial financial and technical aid provided by foreign countries. At
least 3 years 1s necessary for phase 1 to ensure that MINITRAPE acquires
the necessary equipment and knowledge to successfully continue the project
in the second phase. The implementation schedule, TABLE V-1, was brepared

on the basis of the above considerations.

Sixty-eight (68) wells in which, one is equipped with an electrie
driven pump and water distribution system, are scheduled to be built in
phase 1 and 381 in phase 2. Rainfall storage units will be constructed
concurrently with well construction; 3 in phase 1 and 9 in phase 2, Major
equipment and machines required for boring work will be supplied by
forelign grant aid consisting of one unit in phase 1. Also apare parts of
equipment and machines, manual pumps and consumable materials for boring
works will be supplied through foreign aid either in phase 1 or phase 2.

Priority in construction will be given to wells and rainfall
atorage units in distriets with the greatest detected inadequacy in
quality, quantity, and accessibility of water and where water-borne
diseases are most prevalent. TABLE V-1 FIG. V-1 summarizes the project

implementation program.

5.3 Implementation Plan

Implementation during phase 1 will be the responsiblility of the
foreign consultant and contractor hired by the Rwanda Government.

The Contractor will handle procurement, transportation and field
construction. The consultant, on the other hand, will carry out electric
sounding in the field and prepare all necessary detailed designs, The
Consultant will also supervise all activities of the contractor on behalf
of the Government of Rwanda. Rwandan counterparts will participate in the
construction work as much as possible to ensure adequate on the job
training. From phase 2, the Project will be solely under the Jurisdiction
of MINITRAPE with partial financial and technical foreign aid.

5.4 Construction Work

Construction work consists of preparatory works, well drilling,
logging and pumping tests, pump installation and construction of
platforms, drainage works and fences.

v-2



5.4.1 Preparatory Work

(1)  Access Road Improvement

Generally access of the drilling machines to the work site by
existing rural dirt roads is véry difficult particulary during and
after rainfall. Almost all existing access roads are unpaved,
zigzagged and steeply sloped. In addition road width is often
insufficient for passage of drilling equipment and supporting
vehicles.

The accesas road should be widened and improved for passage of
trailers and vehicles before transportation is required; otherwise
the progress of the work will be seriously affected by delayed
deliveries,

(2) Extension and Leveling of the Site R

A flat space of about 1,000m2 is required for installation of
the drilling equipment and extension and levelling work is to be
performed by the beneficiaries,

5.4.2 Well Drilling

Main equipment required for well drilling are trailers or tractor-

mounted-type direct rotary rigs and supporting equipment and vehicles.

Drilling will be performed by a direct-oirculation rotary drilling
rig which has such advantages as relatively rapid drilling speed in most
formations, greater capacity in drilling depth, a sereen and simple casing
and screen installation. The rotary rig drills a hole by turning a
fishtailed, toothed cone or similar bit at the bottom of a string drill
pipe. The typlecal string consists of a bit, which scrapes, grinds,
fractures, or otherwise breaks the formation drilled and a drill collar of
heavy walled pipe, which adds weight to the bit and helps teo maintain a
straight hole.

Drill cuttings will be brought to the surface by flushing with a
circulating fluid through an annular space between the hole wall and the
drilling pipe. The circulated fluid also works to lubricate and cool the
bit. Muddy water or compressed alr are possible circulating fluids and

one of the same should be carefully selected in accordance with field



conditions. When drilling is performed with muddy water, removal of muddy
water which remains in the hole and the mud wall formed inside the hole
during circulation is important. This may be carried out either with a
water jet made with the strainer or by injecting compressed air into the
hole, !

5.4.3 Pump Test and Logging

(1) Well Test Procedure

Immediately before starting the test, water level in the well
should be measured to determine the static water level upon which
all drawdowns will be based. These data versus the time of
measurement should be recorded. Pump discharge should be kept as
constant as possible after the initial excess discharge has been
stabilized.

During the well test to determine aquifier characteristics,
water level in the well should be measured to give at least 10
observations of drawdown within each log cyecle of time., The time
Schedule should not be adhered to at the expense of accuracy of the
drawdown measurement.

A proposed measurement schedule 1s as follows:

0 to 10 minutes: 0.5,1, 1.5, 2.5, 3.0, 4,5,6,7,8,9 and
10 minutes

10 to 20 minutes: 10,12,14,16,18,20

20 to 100 minutes: 10,25,30,40,50,60,70,80,90 and
100 minutes

100 minutes to completion: 0.5 to 1 hour intervals

A flowmeter with totalizing register will be used to measure
pump discharge when the discharge pipe is filled with water. The
test period will be as long as required to obtain sufficlent data

in the form of curves obtained from plotting time versus drawdown.

(2) Recovery test

When the pump is stopped after running the pump-out test,
measurement of water level in the well is immediately initiated and

the manner in which water level recovers is recorded,



(3) Drill hole logging

Drill hole loggings are obtained by lowering an instrument
connected to a surface-mounted recording device down the hole to
obtain the surface record, Two types of logging will be applied

(resistivity and self-potential, and temperature).

1) Electrical logging (resistivity and sélf-potential)

Electrical logging will be conducted according to
regular procedura,. The two electrodes applied yield two
curves, a spontaneous potential (SP) and a resistivity curve,
which are plotted on a two-pen recorder, The SP curve is a
record of the variation in natural direct-current potentials
whioh exist between sub-surface materials and a statio
electrode. This variation is plotted against depth. The
resistivity curve is a record of the variation of the

resistivity of the sub-surface materials.

The logging instrument consists of a sonde with two
electrodes supported by double conductor cables leading to
the two-pen recorder and grounded at the surface to ocomplete
the ecircuits; as well as of cable reels, winches, and other
auxiliary equipment. The natural direct-current potentials
-which exist between subsurface materials vary according to
the nature of the layers traversed. For example, the
potential of an aquifer containing saline water is usually
negative with respect to associated clay and shale, while
that of a freshwater aquifer may be either positive or
negative but of less amplitude than the saline water. This

would be evident on the graphic record of the SP curve.

The resistivity of a material 1s a measure of the
apecific resistance. It is related to the nature of the
material and the quantity, quality and distribution of
contained fluid. These factors vary from one material to
another, so resistivity measurements made between electrodes
in a borehole can be used to determine formation boundaries

and some characteristics of the individual layers.



The curve obtained by the normal method can usually be
readily interpreted to show aquifer boundaries near to the
correct levels, and the thickness of formations if greater
than about 30cm. The true resistivity cannot be qbtained;
only the relative magnitude of the resistivity of each
formation will be obtained. These relative magnitudes can
sometimes be interpreted qualitatively regarding the quality

of water in the various aquifers.

2) Temperature logging

Temperature logging uses a sonde in which a resisténee-
type theromocouple (thermister) is placed and calibrated to
correlate resistance variations with temperature variations.
Temperature logging is sometimes made at the same time as
alectrical logging. The loggings are wvaluable tools in
investigating inter-aquifer migration of water, adequacy of
grouting, geothermal activity, landslide and other similar
studies.

5.4.4 Strainer Ingstallation and Sealing

(1) Strainer Installation

The function and life of the well is significantly influenced
by the strainer's quality. The strainer should preferably be
installed in the second aquifer instead of the first and a blind
tube should be attached at the lowest part. Where the first
aquifer 1is directly adjacent to the foundation rock and the
strainer cannot be installed in the second aquifer, it should be
set as far below tpe first aquifer as possible. The structure of
the strainer should be determined by actual data concerning size,

shape and distribution of grit particles forming the aquifer.

(2) Sealing

To prevent downward percolation of precipitation or surface
runoff along the outside of the well casing a seal is made at
ground level. The seal can be of combined clay-cement grout

material. To make a good seal, a bit should be dug at ground level



with sufficient diameter and a depth of about 1m. The pit is then
backfilled with cement grout in the bottom and clay on top and
.compacted adequately. At ground level, backfill should be mounded
up to form a small cone-like elevation around the extended casing

to provide good surface drainage away from the well.

5.4.5 Well Construction Schedule

(1) Preparatory arrangement for equipment and purchase of

materials requires 5 days.

(2) Estimated period required for the well construction is as
follows:

17 days/hole (average depth D=50,0 m/hole)

Work No. of Days
- Mobilization 2.0
-~ Preparation 2.0
~ Drilling (10m/d)} 5.0
- Logging 1.0
- Cleaning of drilled hole 0.5
~ Installation of pump chamber-casing 0.5
- Well test 1.0
~ Foundation concrete 1.0
- Removal 1.5
- Pump setting 0.5
~ Demobilization 2.0

TOTAL 17.0

5.4.6 Pump Outlet and Washing Area

A concrete platform will be made for the pump outlet and washing

area according to the following procedure.

1) Firat, the ground is scraped for a 2m area around the

pump.

2) A slab form (1.5 x 1.5 x 0.154 high) is then

assembled.



5.5

3) A concrete slab is poured in a slight dome shape if
possible, to facilitate water drainage, (A 15cm thick slab

requires 0.4M3 of concrete or three U40kg bags of cement.)

by The supplied anchor rods are then screwed into the

sealing frame, down to the threading end.

5) This frame 1is sealed 1in the concrete platform,
carefully centering the hole in relation to the pump .,

6) Concrete is cured for Y48 hours before installing the
pump.

Scope of Work

(1) Phase 1 works will be conducted primarily by the foreign
Consultant and contractor. The items described below are expected
to be carried out by the Government of Rwanda but these will be

confirmed later by mutual discussion.

1) Mobillization of "UMUGANDA" to build new access roads
and to repair and maintain existing access roads during the
construction period.

2) Heavy machinery, equipment and operators required to
build large access roads will be supplied by MINITRAPE free
of charge.

3) Wages and allowances for Rwandan counterparts will be

borne by the Rwandan Government.
) Expropriation of land and compensation for crops, if

any, will be borne by the Rwandan side.

{2) Works for phase 2 will be solely the responsibility of the
Rwandan Government; however, the following machinery and equipment
will preferably be supplied by foreign aid.

1) Boring machine and supporting equipment 1 unit

2) Consumable materials for boring work

sufficient quantity for 114 wells

3) Manual pump ‘ sufficient quantity for 114 wells



) Parts required to repair boring machines supplied during
phase 1 and phase 2,

5.6 Recommendations for Future Maintenance of Facilities

It is strongly recommended that daily maintenance work be carried
out by the users themselves, To facilitate this, an appropriate
maintenance system should be organized in every Cellule. At present,
existing protected springs are maintained by the "fountainers" from the
Commune office. There is also a plan to establish a new section within
the prefectural office which will be in charge of management and
coordination of the individual activities of the "fountainers", These
measures, however, may be insufficient to handle maintenance work required
for newly installed wells and facilities in the project. Additional
Independent caretaksrs should also be assigned at the Cellule level and
integrated into the above existing organization.

Necessary spare parts and consumable materials for repairs should
be managed by MINITRAPE at the initial stage but should be shifted
gradually to administrators in the prefectural office. Actual repair work
should be performed by the proposed caretakers and other concerned
beneficiaries in the Cellules under the instruction of enginears from
MINITRAPE. It is recommended that MINITRAPE hold regular lecture classes
and give practical instruction and training to caretakers to increase
their technical level. Exchange of information through meetings may also
be helpful to all parties coneerned, An intensive monitoring program of

actual well utilization is also required.

The proposed organization is outlined in FIG, V-2.

5.7 Project Cost and Financing

(1) Cost Estimate

As aforementioned, implementation of the project is divided
inte two phases, Although only tentative at this preliminary
stage, the total investment cost required for the project was
estimated at US$5,902,000 of which US$3,271,000 would be in foreign
exchange and US$2,631,000 in local currency. The foreign exchange

cost of materials and equipment to be imported was estimated using



1985 mid-October CIF prices. An anticipated price escalation
during the implementation period, 1986 - 1991 in Rwanda, amounting
to about 10% (annual) of the sum of the base cost, has also been
included in the estimates,

(2) Finaneial plan

Considering the large pfoject investment cost anticipated
and the present financial situation of the Government of Rwanda,
formation of a program for financlng the projeet through external
asslstance from several multilateral or bilateral donor agencles is
indispensable. Grant ald of foreign governments will be requésted
to cover the entire foreign exchange cost and a portion of the

local currency cost of the project.

Anticipated investment cost for the project is as shown in
TABLE V-2,

V=10






TABLE V-1
IMPLEMENTATION PROGRAM

First Stage (Foreign Aid) Second Stage (by Rwanda)
Year 1986 1987 1988 1989 : 1990  ~ TOTAL
Zone 1{1), II(13), III(12) TIII(6), IV(40) V(8), VI(18), VII(12) VII(6), VIII(5), IX(11), X(16) XI(24), XII(14)

No. of Wells 26 46 38 38 38 186
No. of Boring Machine 2 2 | 2 2 _ 2 2
Water Supply Facllities

Manual Pump 25 46 38 38 38 185

Electric Pump 1 0 (depending on the electrification programme in rural area) 1

Rainfall Storage Unit .

(for public health facilities) 1 : 0 Iy 4 3 12
Foreign Ald

Consultant Detailed Design

Geological/
Topographic Survey Foreign Experts
" Supervision’

Contractor Supply & Construction Training in Host Country
Equipment & Materials

Boring Equipment 1 - - - - 1

Boring Materials {for 72 wells) - 38 38 38 182

Mannual Pump (for 72 wells) - 38 38 38 181

Electric Pump (for Nyankela C.C) - - - - 1

Rainfall Storage Unit {(for 1 storages) - 3 3 3 12







b2 = MHI 1| ‘on2% = ¢sn 1
Gg6L “10Q UT 23BWT1Se :8q0N

000°LE9¢2 000126 000°gH8 000°68.L 000°€s 00002 UOT3JI04 TRUTS BPUBMY °Z
000°LL2¢E - - - 000°G2E°L 000°gH6°1 DTy ufTedoq *|
000°z06°¢g 000°L26 000°gn8 000°684 000°gLE®L 000°996°L Te301
00059z 000°04 000°49 000°g4 000° €S 000%02 uotiesusdmo) pueq ¥ UOTIRJIJSTUTHDY *§
000°6EL 000°68 000°LL 000°¢ L. 0004622 000¢6L2 fousButiuoy g
000°6ER 00098 000°gL 000°LL 000°L8 000°g21L 20TAJeS SutdsoutSuy "¢
000“REE L 000°492  000°nS2  000‘2R2 O 000°LLS LasuTyoey 3 quomdinby °z
000fgetL ¢ 000°ELy 000¢G1E 000°LKE 000°6L0°L 000¢LLE S3JOM BuTJOg ¥ TITAT) "1
2l £ f fr 0 L S3TUf oFea03g TTBRJUTEY JO *ON
L 0 Q 0 0 L sdumg otagosTm Jo *Ox
agl 8¢ g€ g< of G2 STTaM JO "OoN
1661 0661 6861 8g6L 1g6tL
Te301
2 @seyd L @seyg
$sn :3tup
IS00 IDFACOUd 40 ZUVWWOS

c—i VL

12



Year

ltem Quantity :
‘ i 1986 1987 1988 1989 1990 1991 1992
E/N
Foreign Consultant i
Contract
Detail Design
Foreign Contractor
«~ | Contract ’ '
_é Procurement Rig 1 it
£ ,
Transportation
Custom Clearance | /2 PUmps M B
' o Well |
Casings E
Construction 72-wells T
Detail Dasign s st |
Contractor
Contract
Procurement 114-pumps
o ,
& | Transportation Welt
n_,:“j Custom Clearance_ | Casings

Construction

114-wells

Fig. V-1

Schedule of Project Implementation
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6.1

CHAPTER VI

PROJECT IMPACT AND RECOMMENDATIONS

Project Impact

(1) Rwanda 1s comparatively rich in ground water resources
compared with other African countries. Furthermore the
geographical features and the settlement pattern of the rural
population make utilization of ground water suitable for daily
domestic water supply. However, ground water resources have not
yet been developed and fundamental exploration has not yet been
undertaken. Implementation of the proposed project would thus
represent an important turning point towards ground water
development in Rwanda. During project implementation, key Rwandan
personnel will obtain valuable technical experience for future

development conducted by the Government of Rwanda.

(2) At  present, exlsting protected springs are supplying
relatively c¢lean water to the rural inhabitants but service
coverage iz limited to approximately U5% of total demand. The
remaining half of the population, which has no access to protected

springs, is forced to rely on heavily contaminated surface water.

Upon project completion a safe drinking water supply will be
provided to the latter and the level of per capilta consumption will

increase to 15 l.c.d. For inhabitants living in areas where ground

“water 1is unavailable, the project will consider supplying the

minimum drinking water requirement of 2 l.ec.d., through rainfall

storage units (12 units for 12-hospitals and dispensaries).

(3) The projeect will also provide safe ground water to rural
inhabitants at easy access points. The beneficial impact wupon
domestic hygiene and public health through increasing domestic
water consumption is obvlous particularly when it is noted that
8.7% of all sickness in Rwanda is attributable to inadequate water
supply. Diseases related to poor water supply and sanitation which

are prevalent in the project area at present will be markedly
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6.2

6.3

reduced and the amount of money spent per household on health care

will decrease.

(4) Generally, existing springs are not conveniently located and
it is very common for users to spend several hours a day in hauling
water. The project will facilitate supply of safe ground water at
easily accessible points reducing the amount of time spent per day
in obtaining water by 2 to 4 hours. The available time resulting
from this decrease in water hauling hours may be utilized for more
productive purposes.

Project Constraints

(1) The main oconstraint anticipated in project implementation is
the present lack of fechnlcal ability in Rwanda, particularly in
the essential fields of ground water development such as electrical
sounding and well drilling. To solve this problem the project
provides an opportunity for Rwandan engineers and technicians to
recelve special training from foreign experts during project
implementation, Without successful technology transfer the project
would not achieve its ultimate objectives and maintenance of the
wells, faecilities, and boring machines after completion would be
inadequate.

Recommendations

(1) As described above, ground water development has not been
attempted in Rwanda before and thus there is a shortage of
experlenced personnel. Consequently, in order to continue with
long-term ground water development in the future, sufficient
technology transfer is essential during the initial development
stage, with cooperation of the foreign ocounterparts, Technology
transfer will consist of the following items:

a) On-asite training provided during project
implementation;

b) Training of Rwandan engineers in the country of
the foreign counterpart; and,

c) Stationing of a foreign technical instructor in
Rwanda for a certain number of years to assist
Rwandan personnel.
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(2) The plan prepared and submitted by the study team consists of
installation of many small point water sources without any
distribution systems, excluding one in Kayonza, the most practlioal
and realistic solution to the water supply problem in the project
area considering the present prevailing settlement pattern and
technical and financial limitations encountered in Rwanda,

Obviously, however, adoption of many small point sources as
water supply sources in the project area is not necessarily
Justified from a long-range perspective. Point sources have their
own limitations due to relatively narrow service coverage. In the
future, when the Projeet area is more socially and economically
developed and concentration of population occurs in many areas in
the Communes, small point sources equipped with small manual pumps
will no longer be able to supply the increased water demand. From
a long-term perspective, a more effective and advanced water supply
and distribution system must be formulated.

One such plan is installation of a main water pilpe line along
the existing main road which runs through the prefecture from north

to south.

In addition, a plan to distribute water from the main header
line to each small water distrioct using gravity flow must be
investigated, As a water source, surface water from Akagera River
or Lake Sake may be suitable considering their relatively large
capacity. In this case, water treatment will be required but
. simple filteration and disinfection utilizing slow sand filtration
may be sufficient. On the other hand, a small size, independent
water works with a deep tubewell and a power cperated pump may be
useful for those areas where the underground aquifer is too deep
for manual pump operation, particularly if there is a considerable

population concentration.

In elther case, however, a considerable large investment cost
will be required implmentation the above and as well as a
considerable operation cost upon completions. A cautions,
cémprehensive study is therefore required before adoption of either
plan.,
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(3) In spite of many financial and technical restrictions which
prevent the Rwandan Goﬁernment_from improving water supply in the
rural area, there are still several pracﬁical measures which would
alleviate the situation to some exﬁent at relatively low cost and

effort as discussed below.

1) Usually rural inhabitants carry water in traditional
bottle gourds or dirty kerosene cans. Contamination occurs
in transport or in storage thus offwsetting possible benefits

from a clean water supply source.

An  apropriate campaign to enlighten the rural
population on domestic hygiene should be carried out in rural
communities to maintain clean water sources and, if possible,
new, clean contalners should be supplied to ths rural people

free of charge.

2) A considerable number of people obtain water from the
lake nearby. The access to the shore is also usually used by
ecattle. Shallow water is taken from the shore which is
naturally heavily contaminated. If a simple wooden pier to
be used by people only is provided extending several meters

over the lake, cleaner water can be obtained.

3) The rural population is often unaware or misinformed
about the benefits of improved water supply, while at the
same time they appreciate convenient aoccess. Therefore
proper education is necessary in recognizing the health
benefits of safe water usage. When such benefits are widely
appreciated among the rural population, new water supply
points installpd under the project will bhe Ffully utilized and
their practical significance as a water source will he

greatly increased.
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