{7) Rural Water Supply System Expansion Project in Rukara

'This project is designed to expand the existlng rural

water supply system in Rukara. 120 n3/day of domestic
water will be developed to supply the approximately 5,300

S residents in Rukara and Kawang1re

7.2

EVHLUBTION oF DEVELOPHENT'PLANS AND ACTIVITIES

(1) Outline of Phase II Proiect

GENERAL

The Phase II. progeot is also planned to be 1mplemented by
the Government of Rwanda, with procurement under Japanese
Grant. The Project cof Phase II whlch was formulated by
the F/S is outlined as below:

De51gn Water o . :

: Population PDPemand No. of well/well type:
Zone Cammune (1990) = (l/day) - _S1 - D1 Total
v KIGARAMA 5,239 .80, 000 0 8 - 8
VI RUKIRA/RUSUMO 12,952 180,000 0 18 18
VII  RUSUMO ' 4,786 180, 000 0 18 18
Vi1t " - 2,101 50,000 - 5 - O 18

S IX " : 4,455 110,000 11 .0 11
X BIRENGA 12,368 160,000 0 16 16
XI .o 15,399 240,000 24 0 24
X171 SAKE 9.864 140,000 14 0 14

TOTAL 67,164 1,140,000 54 60 114
Note : Sl = Shallow Well, Dl = Deep Well

The proposed zones of Phase II project are shown in Fig.

¥.7.

COMMENTS FROM THE GEOLOGICAL POINT QF VIEW

Based upon & review of existing data and field studles
the geological and hydrogeologlcal features in the Phase
II areas have been examined

The comments.on the groundwater development in each zone
of Phase 11 are presented in Table F.7. The overall
evaluations for groundwater development are outlined
below: . :

- No constraint basically is found shallow groundwater
development at low lying potential areas.
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=~ 'As the survey and design of F/S level were not :
sufficiently to implement the project, Ffurther study
is required to decide the detail location of well
construction and well structure, based on a
~confirmation of the service area end/or of the point
of the groundwater source. Hence, it is recommended
that a foreign expert of hydrogeology shall manage
the further study which shall be carried out.

COMMENTS FROM THE'CONSTRUCTION/IMPLEMENTATION CONDITIONS
A few drilled boreholes of Phase I which had a
groundwater table deeper than 50 m from surface, were
eliminated from the Phase I: project because the deep

~ boreholes were not available to get water by hand-pumps.

Hence, it was recommended that a few wells shall be
installed power pumps at Phase II stage to develop to
.bring deep groundwater into use.

The following attentions w1ll be recommended to
construct/install deep wells, power pump facillties as
Phase II project :

'

A large scale constructlon works cf electric
facilities, such as transmission line, control
facilities, will be required,. on the ground that the
Phase I1I zones are all far frcm the existing service
area of electricity

- Once the project implementation is under way, there
will be ELECTROGAZ and MINITRAPEE involved in the
sites. Hence, 'it is strongly required: that these
agencies should coordinate in terms of plannlng,
budget, etc. in advance. o

- New operation and maintenance system should be
provided for power pump facilities, i.e. generator
unit, diesel engine due to decrease ‘the burden of
the water service charge for re51dentso-

- It should be recommended that small scaled.water
distribution system shall be examined to construct
in case power pump facilities will be proposed.

- Since the ex1st1ng access roads to the Phase il site
is not satisfactory, the repair/rehabilitation of
existing road and new construction will be required.

The summary of the comments on Phase II zones is given in °
Table F.8.
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in view of the points mentioned above, the following
three recommendations should be considered, in case some
modifications of the project planning will be required:

- Hand-pump wells for shallow groundwater development
have priority over other water supply systems.

~  8mall type of drllllng machine loaded on truck
should be used.

- Casing for submerged pump installation should be set
in the area where the water supply system will be
upgraded to include water distribution facilities in
the near future. ' :

(2) IDA"Rehébilitation Project.

The purpose of . this prOJect is to. rehabllitate the
existing water supply facilities located in 214 areas

~ throughout Rwanda. With the assistance of IDA .
{International Development Association),. the progect s
Phase I Report (Investigation Preliminaries) was prepared
in June, 1989. The Phase II Report. (Plan Directeur de
Rehabllltatlon) was prepared in February 1991, Progect
implementation is thought to be urgent.

(3) Other Development Plans and Activities

Except for UNICEF's Domestic Water Supply Development
Project which is still in the study stage, there are the
following projects that are either under construction or
are scheduled for construction. It is thought that these
projects will be implemented in the near future, as will
IDA's Rehabilitation Project. -

i} Extension Project of Kibungo Water Supply System

{(under construction) -

ii) Kabarondo Rural Water Supply Project(under
construction) )

iii) Extension Project to Muhazi West Area of Rwamagana
water Supply System (design stage)

iv) Rukara Extension Project of Water Supply System’
(design stage)
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8. ORGANIZATION AND SYSTEM OF OPERBTION

8.1

CONDITIONS OF EXISTING OPERATXON AND MHINTENANCE SYSTEMS

The operation and maintenance . systems of the sxisttng
water supply facilities can be classified 1nto four
patterns, as follows.

Pattern A"

Pattern "B"
-Pattern "C"
Pattern "D"

ELECTROGAZ'S direct opsratlon and
maintenance system for the urban water
supply facilities. Example: Urban water
supply systems in-Rwamagana-and Kibungo.

Operatlon and management system -of the
water management committee whose
‘representatives are water supply
recipients. Example: Water supply systems
in Zaza Kigarama Ruklra etc.

A commune's operation and maintenance _
system known as Fountainie. Members of
this group inspect and maintain the
improved springs -and piped water supply
systems in the commune. Example: Improved
springs and plped systems ln edch commune .

MINITRAPEE's operatlon and malntenance
system of the water supply facilities.
Residents do not participate in the
operation and maintenance of the- .
facilities. Example: Handpumps 1nstalled
-under the Phase I Project.

WATER FEE COLLECTING SYSTEM

Ezcept for the: urban water supply systems in Rwamagana

and Kibungo,
established.
opinion that
charge. Thus,

water. fee collecting systems are not fully
Most of the residents are still of the
they should be able to obtain water free of

MINITRAPEE has been making a great effort

to change the residents' concept but, thus far, no
tangible results have been accomplished S
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The existing water fee collecting systems that were
confirmed during the field study period can be classified

into the fixed rate system and the meter system as
follows: =

" Fee Collecting System

Name -~ Management Agency Collecting Systen. -

Rwamagana/  LLECTROGAZ House connection is fee by amount by meter. = By Amount
Kibungo D . .. Kiosk is 2FRW/jerrican (201it) .. L. . System _____._
Rukara Commune 2FRW/jerrican (201it) : By ‘Amount
__________________________________ Other_account_ of_ commune not_ General .. __System
Rukira Commune 100FRW/year/Family - Fixed Amount
_________________ o __l..... General Account of Commune = __________ System _____
Kigarama Commune |OOFRY Morith/Family Fixed Amotnt
S General Account of Commune - .. - System _____.
Rusumo - Commune SOFRW/Month/Family . Fixed Amount
______ oo General Account of Commune . ____ _____System
Zaza ¥ater Committee ~ . 4HFRW/m3, 2FRW/jerrican (201it) By .Amount
e R ST [ S I System . ..
Sake Commune 3FRW/jerrican (201it) : By Amount
. ' : System




8.3

REVIEW OF PRESENT OPERATION HND'MAINTENRNCE SYSTEMS

Except for the urban water supply facllities the _
operation and maintenance conditions of exlstlng water
supply facilities in the Study Area are poor. The reasons
for this can be attributed to inadequate operation and
maintenance systems, lack of funds and spare parts, and a
shortage of technicians,.

For the residents' 1ndependent water supply faclllty
management system to be an idealistic type, it is _
fundamentally important that the residents. have a clear
concept about their water supply. Thus, it is essential
to alter the residents' present concept that water should -
be supplied free of charge by the Government and that the
Government should maintain the water supply f80111tles.

.The existing operation and maintenance. problems in the

Study Area are summarized below:

. As the bpare parts for the handpumps are stored in
'Kigali, the country's capital, the local residents
cannot perform prompt maintenance and repair work.
Procedures should be:established for storing the
spare parts either in the Kibungo prefectural-
government office or in the concerned commune.,

. Many of the water supply systems that are equlpped
with diesel engine operated pumps or electric motor
operated pumps with generator units are inoperatlve
due toc mechanical failure, dlfficultles in obtaining
fuel, or for financial reasons.

Motor driven pumps utilizing public power supplies
are in operation more frequently than diesel engine
driven pumps. The reason for this :is that even =
though the residents do not pay for the electrlclty,
ELECTROGAZ provides it nevertheless.-

1f ELECTROGAZ discontinued supplying electrical power to
water supply systems whose recipients dec not pay. the
power fees, it is believed that the operating rates of
motor driven pumps would be the same or even less than
diesel engine driven pump operating- rates

It is said that not all water fees collected by communes
are used for the operation and maintenance of the water
supply facilities. Such water fee collecting systems
should be investigated to ensure that the fees will be
used only for the purpose of operatlng and maintalning
the facilities. . :
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9.

MINITRAPEE'S POLICIES CONCERNING WATER SUPPLY FACTILITY
OPERATION AND MAINTENANCE '

In 1985 MINITRAPEE proposea a policy whereby water supply
re01p1ents must pay facility operation and maintenance
costs. Since that time, MINITRAPEE has examined various
water.supply'administrative atructures including: the
promotion of a program aimed at making the residents more
conscious of their water supply.

In an April 1991”repoft, water suﬁply facilities' operation
and maintenance organizational structures, and water fee
collecting systems. are clarified. '

The report is summarized as follows:

9.1 ORGANIZATION AND ROLE

(1) Organizational~Structures

MINITRAPEE's water supply facility operation and
maintenance organizational structure has a commune as its
basic unlt : _

Presently, MINITRAPEE is insfructing the communes to
establish their own "Public Association for Water Supply"
to take care of their overall water supply admlnlstratlve
work.

In the Study Area, the Rutonde and Mugesera communes
already have established functioning public associations.

The proposed Public Association for Water Supply is to be
organized by representatives. of the water supply
recipients and commune office personnel as shown in the
following figure. If the water supply recipients do not
have management capabilities, it is proposed that the
" Public Association be managed mainly be commune office
personnel.

(2) Roles

Orgahizations=concerﬁed with the above mentioned water
supply administration have the following roles:

. Water Supply Recipients' Union
The union is organized by the recipients of the same

water supply system. This is the smallest
independent operation and maintenance organlzatlon.
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.2

. Water Management Committee

Thig is an organization that actually conducts
facility operation and maintenance work within one
water supply system. The committee is .composed of
more than three persons -- a manager, an accountant
and technical specialists -- who are selected by the
water supply recipients.

The committee is responsible for collecting water
fees, conducting programs designed to educate
residents in matters pertaining to the water supply
system and public health, and for listenlng to the
requests of the resxdents. .

Public A55001ation for Water Supply

The Publlc Associatlon is to be. comprised of
representatives of water management_commlttees and
‘commune or secteur representatives. It will be
responsible for the overall technical management,
accounting and auditing, determination of activities
and budgetary funds for the water supply systems in
the  commune or secteur.

The Public Asscclatlon has an admlnlstration offlce
with at least three officers: a manager, a
' secretary, and an accountant. :

FNHR (Found Naticnal de Hydolique Rural) is to be

~established with CID which is being studied, will be the

basic fund manager of the collected water fees

It is proposed that CCDFP be newly establlshed in’ each
commune and should undertake resident promotion and
education activ1tles concerned with water supply and
public health with the ccoperation of recipient unions,
water management commlttees and the public association
for water supply. - _—

CCDFP's main theme will be to extend water supply
knowledge to the residents and provide training for
personnel in charge of acccuntlng and technlcal matters
IDEAS FOR WRTER FEES

Costs for water supply facility operation and maintenance
are classified into the follow1ng three categorleo.-

i) Operating costs necessary for the’ entlre commune s
water supply administration work. .
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ii) System operating costs, such as for fuel, repairs,
and personnel expenditures that are required for the
system's direct operation and maintenance work.

iii) Equipment replécement costs necessafy for the
continuous operation of a water supply system.

According to the above cost classification, the water fee
‘is thought to be composed of the following three levels:

~-Level 1: Costs required for fhe.managément,
' operation, and maintenance work;[i) + ii)]

- ~Level 2:'Costs of Level 1 plus non-machinery
costs; i) + ii) + a part of iii)]

-Level 3: Costs of Level 2 plus machinery costs:[i)
+di) + iii)] :

MINITRAPEE's policy is to collect water fees at least for
Level 1 from water supply recipients.

As shown in the following table, the estimated operation:
and maintenance cost for Level 2 is 14 FRW/month/family
for a piped water supply system using spring water and
184 FRW/month/family for a piped water supply system
equipped with a diesel engine driven pump.

Estimated Amnual Cost for Operation/Management
by MiNITRAPEE (4pr., 1991) (unit : R¥F)
" Water Supply Facilities

Level of Point Source Piped System
“0/M Cost  Improved Distrib. Distrib.

Cond. - Spring __by.Gravity by Diesel-E
Leve]l 1 57 (4.8-) 168 (14.0 ) 1,588 (132.3)
Level 2 57 (4.8 ) 168 (14.0 ) 2,212 (184.3)
Level 3 64 (5.3 ) 416 (34.7) 2,521 (210.1)
{ ) indicate monthly cosl per payer
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The three water fee collecting methods are outlined
below. The details of these methods are not yet known.

METHOD

Method for collect-

ing water fee in
the same manner as
the collection of
taxes in each
commune

Method for collect-
ing water fees as
management costs of
each water supply
system

Method for collect-
ing water fees ac-
cording to used
water amount
(meter method)

__MERITS

Easy to manage money'

Equal to the reclpi—

ents _
Can obtain perio-
dical revenue.

Systeﬁ costs will
he collected

Can obtaln per10~
dical revenue

Can gsecure revenue
Can reduce water

waste _
Can collect cash
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DEMERITS

Low collecting
rate .

Recipients w1ll
to waste water
simple facility
ugers will
conplain

Low collecting

'-Récipients_will
to waste water

_Ccmplicated

management
Increase of

: management cost
-"Need the

management o] f

- small amounts of

noney -
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FIRST QUESTIONNAIRE SURVEY

Survey execa_tio.n_'__p.eriod + September 1989

Table F.2

{tem of invatigatiw Kabarondo Kigaraina “Muhazi Ritkara Rukira Rusumo
Distance for fetching warer{{ouse — Water s.o.urce[ (one way}’ (Average) 2.6km 2.4km 2.0km 3.bkm 3. 3km 2 tkm |
Required timefHouse — Water source] (_c\ne_ way} [on foot} {Average} 60 min. 30min. “'5"“'": S0min. 50,-;..,‘,;, 30min.
. (U Communal water hydrant — 3 foc.

Types of waler source

Spring

© Spring: ~ 3 iocations
@ Wells — 2 lozations .
(5 Communal water hydrants — | loc.

" Communal warer hydrant

@ Wells — 2 Ioc.
@ Lakedswamp — A loc.

(@ Communal water hydrant — 3 loc.

@ Spring — 1 loe.

Qswamp — | loc.

@ Swamp,riverdspring - 6 tok.
@ Well — | toc.

2
o ) . : (T thrice — 3 cases CNAL D twice — .3 cases @D hvice — | case D twice ~ J cases
Humber of times of warer fetching per day D one — 3 cases . : _ . .
3 D i / @ twice — 2 cases @ five times — | case @ ihrice — 7 cases @ thrice — o edses
Dtwice = | case ) ‘
@ once — I case @eonce — I case @NA = 2 cases @ four times —~ 2 cases
T'ypes of containers for . N s ) . : .
. yph‘ f / 20 liter Flasiic tank 20 liter Plastic tank : . o o . 20 liter Plastic tank
4| feiching weoter ) R 20 liter Plastic tank 20 liter Plastic tank 20t fiter Flastic tank :
10 titer bucket 10 titer bucket ] i 15 liter bottle gourd
Persons ferching water @ 2 @ children — 3 cases @ men ~ 3 cases @men — ! case D men — 6 cases
. ¢ , men — o cases . — e
5| (Water fetching shared within the members of the family) @ mend.children — 2 cases ' hol famit @ mendchildren — | case @ womend.children — | case (@ mendchildren — 2 cases
. ole famify . .
@ chitdren — [ case @ men — | case @ Whole family — 2 cases Q@ whole family — 3 cases @ whole family — 2 cases
Situation of usage of water Daily life necessities e . L. L R - . s ) ) .
f usage of & b.::-taﬁa liquor manufarturing Daily life necessities Daily life necessities Daily life necessities Daily life necessities . Daily life necessities
& banana liguor manufacturing & banana liguor manufacturing & banana liguor manufacturing & banana fiquor manufacturing & banana {iquor manufacturing
{5 the source from which is feciched in dry weather the same - p : 6. ’ ; o 4 : de came sourc s )
21 as the source for daily nceds ? same source cases saine source cases same source case same source — 4 cdses same source cases same source cases
different source — noihing different source — nothing different source — nothing different source — Z cases different source — [ case different source — 2 cases
Do you feich water from Ihe same place always ? Yes — 6 cases Yes — [ case Yes ~ 3 cases Yes — 35 cases Yes — 9 cases
Yes ~ 3 cases NA — [ case NA. — [ case
NA. — I case
How many times per week ? @ once — 2 cases D svice — 2 cases five times — | case D nwice — 2 cases Diwice — { case (D swice — 6 cases
@ four times ~ [ case @ once — Icase @ thrice & four times — [case @ thrice — 2case (& thrice — 2 cases
' BNA. — 3cases @ five times — 2 cases @ NA, — Zcases @ five times and more — 2 cases
At this stage, in addition to the regular source for feiching water, yes — nothing _yes — 2 cases yes — [ case yes — 6 cases yes — d cases yes — o cases
do you fetch svater from some other source also? no — 4 cases ng — 4 cases no — { case NA. - 6eases
o spring — 3 cases @ spring — 4 cases river @ well — 2 cases @ communal water hydrant — | ease | (O Communal water Aydrant — 3 cases
0 At which water source do you wash clothes? any place — I case B well — I case @ laked&swamp — 3 cases @ swamp - 2 cases @ swamp,spring & river — 4 cases
ONA. — case QNA = [ case (D spring — I case Dwell — I case
DNA — | case @&NA - 2cases -
. R . men & children — & cases " () men & children — 4 cases NA. NA. — 6cases NA: @ men — 3 cases
] if suppose..rhere_ sd communal shower, who do you think @ men — | case P @NA. — 7 cases
will use this facility?
, Have you ever participared in the construcrion yes ~ nothing yes — 2 cases . yes — | case yes — & cases yes — 4 cases yes — 9 cases
12 af water supply systems till now? no — 4 cases no — 4 cases o — 2 cases no — I case ng — | case
Have you participated in mairvenance and comirol work yes — 4 cases yes — 5 ceses ‘yes | C'is.'e yes = nothing yes.= 4 cases ves — 4 cuses
13| of similar types of susply systems? no — nothing no =i case . no — 6cases e fto — B cases
If suppose facilities for comminal water hydrant or modified ves — nothing ves — [ case ves — [ case ves < J cases ves — o cases yes = o cases
i spriag svsiem is consiructed, will you pav the charges ? no —~ J4 cases . an — 3 cases no = 3 cases ae — 1 case no — 0 cuases
I5 | How many person in your family? (Average} 6 - [ B A 9 8 8
Do you have any occupation other than agriculture? ’ B . yes — [ case : ves = | case . yes — [ case
16 ves — nothing ao— 3 cases ao = | case o — § cases an -~ 5 ¢ases o — 9 cases

Ho — 3 tasés

{continue}
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Survey 'éxecurit)n period : Februry 1990

Bl oy

SECOND QUESTIONNAIRE SURVEY

)V-N'- .
, L ' Commune . ' - S .
{ tem of investigation : Birenga Kabarondo Kayonza Kigarama Mugesera Muhazi
Distance for Jetching water{House — Water source] {one way) 1 (Average) 1.1km ASkm- 1.5 km 1.5 km 0.9 km 1.6 km
! : . S
Required timefHouse ~ Water source] {one way) (on foot) {Average) 26 min. o Smin 23 min, 32 min, 25 i, 26 minm.
) €0 Spring —~ 14 locations _ D Spring — fz‘“‘_""""lf 025#”"'0.? ~ 10 locations @ Spring ~ # foes. Cominunal warer hydrant - 8'locs. | @ Spring — 11 lecs.
, Types of wiser source @ Communal water hydrani — $10¢5.| (@ River ~ 4 locations @ Swamp ~ & locs. @ Communal wwer hydrant ~ 7 focs.{ @ Spring — 7 locs. @ Well — 4 locs.
o o } : O thrice — 7 ca.scs (L‘fh.rice — & cases @ twice — 0 cﬁse& Oiwice — 9 cases (D.rw'fce — 7 cases
Number of times of water fetching per da fwice ~ [§ cases , iow — 7 :
3 f of fetching per day @® . @ twice — 6 cases @ twice — 7 cases @ thrice ~ 6 cases @ thrice — 4 cases @ thrice — 3 cases
(D thrice — 4 cases 1
Types of comtainers for . U ; . _ : ; :
Jetching weater 20 titer Plastic tank 20 fiter Plostic tank 20 liter Plastic tank 20 liter Plastic tank . 20 liter Plastic tank
s tng : s . . K 20 tirer Plagtic tenk i .
{2 liter bucket 15 liter bortle gourd 5 liter plastic tank
(Dmen — 7 cases D children — I cases

Persont felching water

3 (Water fetching shared within the members of the family)

@ men womendechildren — [0cases

@) men&women —S cases cach

@ children — 10 cases
G women — 6 cases

D childrea — 18 cases
(B men — 2 cases ‘

@) men, womendechildren — 7 cases

@ men — 7 cases

@ children — 6 cases

@D men ~ 6 cases

Sitisation of usage of water

Daily life necessities
& banena liguor manufacturing

Daily life necessities
& banana ligior manufacturing

Daily life necessities
& banana liguor manufacturing

- Daily life necessities )
& banana liguor manufacturing

Daily life necessities
& banana liguor manufacturing

Daily life necessities
& banana liguor manufacturing

“Is the source from whick is fectched in dry weather the same
as the sourcqf_cr dajly needs 7

~3

" same source — 17 cases
different source — 3 cases

same source — I5cases

different source — 5 cases

 same source ~ 20 cases
different source — nothing

same source — I8 cases

different source — 2 cases

same source — 1§ cases

different source — 2 cases

same source — 19 coses

diffecent source — | case

@ twice — {0 cases

twice, five & seven times

Diwice — 9 cases”
B once & thrice — 4 cases each

@ twice — 10 cases

@ rwice — 9 cases

@ twice — 7 cases

2 o you fetch water from some other source also?

no — 15 cases

no — 20 cases

no — 20 cases

no — [9cases .

no — 18 cases

Laundry thimes per week @ once & seven times — 4 cases — 3 cases each € 2 ‘
: cach ) . @ thrice — 6 cases @ once — 3 cases @ thrice — 5 cases

At this stage, in addition fo the regular source for fetching water, yes — 4 cases yes — nothing’ yes — nothing yes — [ case yes — 2 cases yes — 1 case
Ao = {9 cases

Have you ever participeted in the construciion

NA.

NA.

10 of warer supply systems tll now? A NA NA
Are you satisfied with the warer supply at present? satisfied ~ 10 cases sa;r'sﬁed 11 cases " satisfied —~ 4 cases satisfied — 14 cases saa'r'sﬁe'd - 10 cases satisfied — [2 cases
1 (from the viewpoiat of quantity and quality) not satisfied — 10 cases not satisfied — 9 cases not satisfied — [6 cases ‘not satisfied — 6 cases not satisfied — 10 cases not saticfied — 8 cases
A ssu}ning that amenilies for water supply such as communal ves — 5 cases yes ~ [4 cases . yes - [4'cases yes — 14 cases yes — 13 cases yes — —;o cases
12 water hydranis can be used. can you pay 2,000 francs a yeor . no — 2'cases no - 6 coses - no - 6 cases no — 4 cases no — 4 cases no — 3 cases
as charges for using water? B
. . (L6 — 4 cases @10 — 4 cases - @5 — 4 cases @6 = 10 cases ) @457 &3 — 3 cases each, @6 — 5 cases
I3 | How many person in your family? 24— Jcases @ 6,7 &3 — 3 cases each (@648 — 3 cases " @43 &9~ 2cases each @ 6.9 &0 — 2 cases tach &3 & 7 — 4 cases each
) ; . ¥A. NA. NA. NA, NA. NA.
14 | Do vou have anv occupation other than agriculture? }
i Agriculture - 1.245F @ Agriculture - !.‘.)'GOF" ([ Agriculture - 2.350F (© Agriculture - 2.270F @ Agricultire — 4.900F (D Agricutture . 900F
{3 ] Occupation & monthly income o (3 Public servant — 14.920F @ Public servam ~ 12.300F @ tndependent — 3.250F & Public servant — 12.000F & Public servant — 13.000F

Average water consumplion per head

6.2 1! man-day

[0.0 1/ mansday

7.21 ¢ man-day

3.3 f,’man-dﬁy _

9.0 1/ man-day

9.6 {1 maa-day

Average persons in d family

3

-
l

8

6

8

6




Table  F.2

L
; Rutonde ak TOTAL
Rukora . Rukira Rusumo Sake (Average value)
174m 1.0km 1.3 km 0.6 km 0.8 km 12k
iy L 24 min,
33 min. 19 min 24 min, Fmin. 24 min(?)

@D Spring ~ 7 locs.
@ Swamp — 6 locs.

@ Communal water hydrant — 9 locs
@ Spring — 3 locs.

@ Communal water hydrans ~ 7 locs.

& Spring — b locs.

(U Spring — § locs.
(@ Communel water hydrant ~ 7 locs

(D Spring — 7 cases.

@& Communal water spring ~ 3 cases |.

(D & @ total)
Spring — 93 cases(58%],

Communal warer hydrant — 47 cases(z 9%, Swamg — 14 cases($%}

River — 4 cases{2%), Well — 4 cases{1%)

@ twice —- 14 cases

Q) thrice — 8 cases

(D thrice ~ P cases

(Cthrice — 9 cases
@ twice — § cases

(once = 10 cases
@ hwice — 8 cases

D & @ torat)
twice — Y6cases(36%), thrice — 64 cases(.iéi%}

(D children — 1 cases
@D men — 6 cases

(D men & women — T cases each
@ywomen & children — 4 coses

(D womendechildren — 8 cases

@ men ~ & cases

@ men — 3cases |

@ men — 7 cases

@ thrice — 4 cases Dtwice — 7 cases G twice — 7 cases
once — {0 ca.ses(&%)
20 titer Plastic tank 20 liter Plastic tank 20 titer Plastic tank 20 fiter Plastic tank 20 liter Plasiic tank 20 liter Plastie tank
15 liter boutle gourd .
(D children — 15 cases Dwomea — 11 cases -(@& & total)

Children — 71 ca.ses{dl%} Men — 44cases(25%)

Women — 17 cases{10%;}, Women & Children — {2 cases{7%),

Cther mix_— 29 cases(17%)

. Daily life necessities
& banona liquor manufacturing

Daily _ﬁfe necessities
& banana liguor manufacturing

Daily {ife necessities
& banana liquor manufacturing

Daily life Aecessities
& banana liquor manufacturiag

Daily life necessities
& banana liquor manufac.runng

Daily life necessities
& banana liquer menufacturing

same source — 20 cotes

different source — nothing

same source — 6 cases

different source — 4 cases

same source — 15 cases

different squrce — 3 cases

same source ~ 20 cases
different source — pthing

samé source — 15 coses

different source — 4 cases

{total)
same source — 193 cases{8%%)
different source — 24 cases(11%}

Dowice — P cases
Gronce — 6 cases

(D twice — 8 cases
D thrice — 7 cases

(@D twice — 6 cases
@ four times — 5 cases

D wice — 10 cases
@ thrice ~ 5 cases

‘(Donce — 8 cases
& iwice — 7 cases

(D& @ 1otal)

twice ~ 90 cases(55%), once ~ 27 casest{7%)
theice — 27 cases(17%). four times — 3 cases{2%),
orthers — 14 cases(?%)

. yes — nothing
no — ) cases :

yes — 8 cases
no — {2 cases

ves — 0 cases
ne — [0cases

yes — nothing

no ~~ 20 cases

yes — 3 cases
g — 15 cases

{tolai)
yes — 29 cases{13%}
a0 ~ 188 cases(87%)

NA.

NA.

NA.

NA

NA.

-

satisfied — 4 cases
not satisfied — {6 cases

satisfied — 6 cases
not satisfied — 14 cases

satisfied — 12 cases
aof satisfied — 7 cases

yes — 106 cases
no — 4 ceses

ves — 8 cases
ne — [2coses

yes — (0 cases
mo — § cases

satisfied — [4 cases
not satisfied — 6 cases

satisfied — 7 cases
not satisfied — 13 cases

(total}
sm:sfced — {04 cases(47%)
act satisfied — 115 cases(53%)

ves — 15 cases
Ao — F cases

yes — 7 cases
no — £2 cases

{toral}
ves. ~ 126 cases(62%}
ao — 76 cases{38%])

(T & @ toat}
{3 ~ 3 cases (1T5.,6 &10 — 3 cases each @8 ~ Fcases @6 — 4 cases Ts5 - 7?;‘15"5 . .
37 — Jd cases @ 23,788 ~ 2 cases eack (55 — 4 cases (D I14573&10 - ’(:ase:each @6 — 5 coses !
NA. NA CNAC N

NA.

DoAgriculiure = (.500F

@.{g.-r'c'm':ure - LITOF
3 Public servant — 7.500F

‘.,,Igricuf.mre - | I20F

T Agriculture — 3. 480F
(& Public servant — 9.035F

P -lnruun'mre -~ $.660F
@ Commerce = 3.000F.

(& @ rotul} Agriculture mondhiy mcorne{uveraee)

2 ASOF

Public servant momhly mcomd(m eragey Y. 330F

@ Public servant — {3.450F

8.6 1/ man-day

. .07 mantday

@ Public servant ~ 12.870F

9.5 {/ man-day

10,711 man-day, .

6.3 { ! nan~day

9.1 Hman+day

-
7

1]

r

.

B

T

{3)

32






Result of Questionnaire Survey

Occupation and Monthly Income

(Average monthly

~“Agriculture © . ——= 158 casoes -
~ Publie Servant ——=_ 30 cases -
- Business ——— 6 cases  ———
~ Palice Officer —— 3 cases ———
— Teacher ' -—— A cases = ———
— Dletitian _. —— 1 case ———
- Clergyman.'Abhpt J— 2 cases ——=—

- Céilule Committee

Memﬁer B 1 case —
-~ Secteur Assemblyman ;“_ 1 case .;#f
- Sténemason e 1 case —
~ Lawyer --— 1 case ——
- Attendant - - I case -
- Driver e 2 cases —
- Bank Clerk - I case _—

- Agricultural

investigator —-—- 1 case ——n
~ Service Industry - 1 case —
— Not known . ——— 2 cases —-——

Average consumption per person

9

1

liter per person per day

F - 33

2, 400
11,900
11,500
10, 700

22,000

835
4, 500
12, 000
6, 000
5, 000
18, 000

8,100

Francs

Francs

Francs

FFrancs

Francs =

Franes

Francs

Francs
Francs
Franes
Francs
Francs
Frangs

Francs

Francs

Francs

Francs

rable ¥.3

income)



Table F.4

dctual Water Consumption of Existing System

' . CONSUMPT[ON L N
TIME | [(NYKR)-No. 1 : [{NYKR)-No. 2 11-1603002 ‘@ [V-1610010 _:111-1608002 - KiOSK(RWMGN) : SP (Z7-KBRZ)
pers./ m3 _ ‘pers./litter ' pers./litier | pers./litter i pers./litter i pers./ m3 :vpers./ a3 _
-5 0.0 0 0r 0 0. 0 60: 0 0. 0 -0 0 00
5 - 6 |(no 0.1 13 9 : .5 80 T 105 T 160 6 0.1: - -
6 — 7|count) 0.2 41 L0155 2% 395 6 95 15 3351 2% 0.5 = -
78 0.6: 25 1,065: 20 515% 5 90f 11 2505 19 0.5 8 0.3
g - 0.70 82 985: 30 550 3  40¢ 16 400: 18 0.5 12 0.4
§ -10 0.4 47 990 : 52 1,000° - 4 L 13 330 : 14 0.5 18 0.6
10 ~11 0.2: 30 4700 40 4500 2 200 12 305. 10 0.2° 81 0.8
1 -12 0.3 26 695 : ~a 1,145 1 10 i 9 280 : 16 0.3 35 1.1
12 -13 0.4° 25 750 7 50 1,0351 3 651 31 IO 24 . 0.Ti 0 0.0
13 ~14 0.4 15 45 45 870 : 4 751 19 455 : ¢ 0.2 ] 0.0
14 -15 0.5 21 690 : 50 770 ¢ 11 415 20 550 : 33 .0 .33 0.9
15 -16 0.7 29 840 : 45 815 9 20 17 455 : 26 0.7: 40 L0
16 -17 0.8 45 1,195 46 870 7 220 20 485 1 0.5 35 0.8
1T -18 0.9 41 1,140 42 1,020:° 3 46 - 23 505 : 24 0.8: 3 L2
13 -19 0.2 15 380 : 17 470 : 2 30 : 5 B5 : 1l 0.3 - -
19 ~20 0.1i .3 35 0 0! 9 0i 0 0 0 0.0 - “
20 21 0.0 0 0 0 0: 0 0: 0 0 ¢ 607 0 . 0.0
21 =22 0.0 0 I 0 0 0 0: 0 0 0 0.0: 0 0.0
TOTAL 6.5 403 11,085 518 9,985 73 1, 470¢ 218 5,255 250 . 9% 249 1.1
Rate= ' :
Comsumption .
Design Yolume 0. 93 1.01 1. 00 0.15 0.53 0.73 0.52
0.62 - »1=1.0
0.69

F - 34
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Table F.8

Roads and Electric Services Conditioﬁfin Phase 11 Area

Average Distance from P.T.L

: P.T.L = Power Transmission Line

F - 42

7one Area |Access from
(km2} {Main Road . — e
Existing Line Proposed Line
v 24.3 ek o .
good from 5 to 10km less than 5km -
Vi 85.3 * * *k
bad more than 10km from 5 to 10km
VII 41,7 Kk ® fxk
' not so good more- than 10km less than Skm
VIii 30.6 . k% *(40km) *k
' not so good| more than 10km from % to 10km
1X 49.8 % *(37km) Hok
bad more than 10km from 5 to 10km
X 21.8 * Cokk chkk o
bad from 5 to 10km less than S5km
X1 78.5 * % ok
bad more than 10km less than 5km
X11 24.1 Kok Kk no planning
not so good from 5 to 10km
Total 356.1
Source : Study Team, 1989 .
Note
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1.

APPENDIX G

'GEQ-ELECTRIC PROSPECTING

GENERAL

Based on the results . of hydro-geological surveys, geo- '
electric prospecting was conducted using the Schlumberger
method and the new EM method in order to obtain the basic
data necessary for determining the hydro- geologic structure
of the Kibungo Prefecture in the eastern region of Rwanda
and at select test well drilling sites.

Outline of the Geo-electric Prospecting:

. Proapeéting Period o
October 1 through December 14, 1989 (field work)

. Obgectlves
To obtain the basic data necessary  for assumlng the
hydro- geologic structure of the Kibungo: Prefecture in
the eastern region of Rwanda and at select test well
driliing 51tes. :

. Contents of Prospecting _ : .
The Schlumberger method 98 points
The EM method ' 199 points

The ‘approximate geo- ~electric prospecting locations are

shown in Fig. G.1l. The detailed locations are shown on the
hydro-geologic map(bata - Book) The number of measured
prospecting lines are listed in Table G.1.

APPROACH OF PROSPECTING

Work procedure for the Study is as follows:

(1) Conducting geo-electric prospecting in large areas
.. gross hydro—geologic structure survey

{2) Examlnatlon of gross hydro geologlc structure
{3) Selectlon of water sources by overlaylng the

socioeconomic factors on the gross hydro-geoclogic
structure _



(4) Planning of the groundwatbr survey at the planned
water source points _ _

(5) Conducting geo—electric prospecting at the planned
water sources points ... hydro-geologic structure
survey at the planned well drilling sites

(6) Examination of the hydro-geologic‘stfudtﬁre'atfthe
planned water sources

(7) Selection of test drilling sites

The organization structure established for the Study is
shown in Data Book. : .

3. PROSPECTING METHOD .
It was found that the developed fractures in the alluvial
and Precambrian formations in the Study Area would be
potential aquifers. Thus, the following two types of-
electrical resistivity'measuling'instruments were used fo:

groundwater prospectlng in the Study Area:

(1) Ground current rece1v1ng type. McOHM Model 2155
(Schlumberger Method) ' :

(2) Electromagnetic type: EM 34 (EM Method)
3.1 INSTRUMENT SPECIFICATIONS

(1) McOHM Model 2155

Transmitter tVoltage 400 vp-p
Current-1,2,5,10, 20 50,100 and :
200 Ma _

Receiver :Input impedance 1 M ohm :

‘Measurement Range :-60 - +0.6V (automatic range)

Resolving Power :0.001 ohm _

Stacks :1, 4, 16 and 64 times

Power Supply :DC 12V

(2) EM34 (Geonics Co.) _
Inter-coil Spacing :10 meters at 6.4 Khz
Operating Frequency :20 meters at 1.6 Khz

' 40 meters at 0.4 Khz

Power Supply R R

- Transmitter “ibisposable "0" cells

_ Receiver - :Disposable "0" cells
Conductivity Ranges :3, 10, 30, 100, 300 Ms/m

Measurement Precision:+ 2% of full scale



3.2 MEASURING METHOD
(1) Schlumberger Method

According to the locating methods of the current
electrodes and the potential electrodes which are
symmetrically arranged against the center points of the
vertical direction prospecting method, the vertical
direction prospecting method can be classified as two
methods, the Wenner Method and the Schlumberger Method.

The Schlumberger method, which ig characterized as being
able to eliminate the effect of the surface ground layer
to the r951st1vity values, was adopted for the Study.

In the Schlumberger Method the poteﬁtlal electrodes "M"
and "N" are fixed at points that are symmetrically .
against the center point "0" (see figure below). The
current electrodes "A" and "B" are changed by keeping the
symmetrical relationship against the center point "0O" and
the apparent resistivities are measured.

N B
W2 12 J

-3
==
~—
~

ARt £2

>
=
i
=2
ee)

———— M

a2 w2

Vertical Survey of Schlumberger Method



(2) EM Method

The Electromagnetic (EM) Method ... similar to the’
electric prospecting method ... measures the earth's
magnetic contrasts when prospecting. glound formations.
The electric prospecting method uses direct or
alternating current. Conversely, the EM Method uses’
electromagnetic fields of a certain frequency. '

A magnetic field measured at ground surface is affected
by the relative resistance distribution of the
underground layers making it possible to determine the
relatlve r931stance of the underground layer S

Based on the obJectives of electromagnetlc prospectlng,
such as horizontal or vertical prospecting, various:
prospecting methods were developed. The purpose of the
Study's prospecting is to detect the existence of
aquifers having relatively small relative resistance: the
loop-loop method, such as the EM Method, is quickly:
measurable and efflclent. o

In the EM 34 Method, two operators separated by a

distance of 10 to 40 meters hold the transmitter coil _
(Tx) and the receiver coil(Rx). The response, - through the
ground, of the electromagnetic wave transmitted by Tx is

measured by R=x=.

The following relatlonshlp exists between the prOSpectlng
depth and the coil distance (the reason given in the
latter part of this section): .

Distance Between Coils and the Prospecting Depth

Distance Between Prospecting Depth (m)
Coils (m) Vertical Loop - _Horizontal Loop
10 _ 7.5 15
20 15 30
40 .30 60

In general, plane mapping of relative resistance can be
made in the field from the directly obtained data.
Analytical work is required to correct the deviation of
values along the vertical direction based on the standard

curve,



To 1

FIGURE  Relative response versus depth for vertical dipoles. ¢,(z) is-the
relative contribulion to H, from material in a thin layer dz located at (nor- -
matized) depth z. :

1 1
Pt

! ’ q s s Yo 1

&y 10 5

' FIGURE  Relative response versus depth for horizontal dipoles

Relationship beﬁween_the Prospecting Depth and the
Secondary Magnetic Field

Suppose there is a Conductive object at the depth (value
obtained by dividing the depth by the coil distance) when
the earth is in isotropic conditions and a secondary
magnetic field is created. As shown in figure below, the
effect of the secondary magnetic field becomes largest at
the depth of 1 = 0.45 (0.4 times of the coil distance)
‘when the coils are set vertically. A relatively large
effect exists even at the depth of 1 = 1.58. This fact
indicates that the variation of the relative resistance
at the ground surface does not affect the secondary
magnetic field.

When the horizontal component of the magnetic field is
measured- by setting the coils horizontally, the effect of
the secondary magnetic field becomes largest at the
ground surface and the strength of the secondary magnetic
field attenuate in proportion to the depth.

For the above reasons, conductivities (relative
resistance values) at different depths can be obtained by
changing coil orientation.



3.3 DATA PROCESSING AND ANALVSIS
(1) Schlumberger Method

Electrodes are generally arranged on a straight line and
the apparent re51stivity can be obtained by the follow1ng

equation:
Con (BB - (M2 Y
A= 4 x M ox 1.

where, A : apparent resistiV1ty(ohm m)
AB: current electrode spacing(m)
MN: potential electrode spacing(m)
V: voltage difference between the potentlal
electrodes(mv)
I: applied current(Ma)

An apparent resist1v1ty curve(VES) which 1ndlcates the
relationship between the depth AB/2 and the apparent
resistivity can be prepared from the measured values.
Theoretical values of resistivities are calculated by
assuming a ground layer model. True resistivities can be
obtained by repeating the curve matchlng method which
compares the caiculated values with the measured values.
The cross sectional profile of resistivities can be
prepared from the true resistivities.

(2) EM Method

For horizontal prospectlng, a curve is to be prepared by
plotting measured values on a graph having the abscissa
to 1ndlcate distance and the ordinate to indicate
apparent conductivities. The qualitative analy315 of the
measured values can then be made

For vertical prospecting, one dlmen31onal analysis is
made by assuming. a horizontal multi-layer formation.
Depending on the case of a two layer model or .a model
having more than two . 1ayers the procedure of its
analysis is slightly different.



For the case of a two- layer model, the apparent
conductivity(s) between the coil spacing of 8 is given by
the following equation:

G (s) =01 x (1 - R(z/s)) +0 2 x R(z/s)
RH(z/s) = (4(z/s)2) + 1) - 2(z/s)
RV(z/s) = 1/(4(z/s)2 + 1) /2 :

where, ¢y , (7 3 dlfference of conductlvitles at the first
. and second layers
s: coil spacing '
z: thickness of the first layer
RH{z/s}: relative equatlon of secondary magnetlc
S field for the case of horlzcntal coil
positioning
RV(z/8): relative equation of secondary magnetlc
field for the case of vertlcal coil
p051t10n1ng

By 1ntrodu01ng three measured values for the horizontal’
and vertical coil orientation cases into the above
equations, conductivity and thickness of each ground
layer can be calculated.

Varlatlcns of apparent_conductivities for the two-layer
model is shown in figure of next page.

For the three- layér formation case, apparent conduct1v1ty
{s) between the coil spacing "S" is given by the
follcw1ng equation:

qa(s) =C1(1 - R(Z1l/8)) +(T2(R(21/s) - R(Z2/8)) + (3
X R(z2/s)

where, Zl-'thlckness of the first 1ayer
Z2: total thickness of the second and third layers

For a model_formed of more than three layers, each
layer's apparent conductivity and thickness cannot be
obtained directly from the measured values because there
‘are too many variables. Thus, a multi-layer model should
be made in advance and its true multi-layer formation
will be prepared by repeating the curve matching method
to compare the measured values and the theoretical
apparent conductivities obtained by the above equations.
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4. THE RESULTS OF'GEO—ELECTRIC PROSPECTING

4.1

lRESULT orF THE HYDRO-GEOLOGIC STRUCTURE SURVEY IN THE

STUDY AREA

‘As shown in the survey location map (Fig. G.1), the

geoelectric prospecting conducted to examine the hydro-
geologic structure of 24 areas (classified as Ep-1
through Ep-24) of the Kibungo Prefecture was made using
the. Schlumberger Method in 21 areas and the EM Method in
13 areas. The prospecting results are detailed in Data
Book. :

When the EM 34 Method is applied in an area having a low

relative resistivity zone because of the existence of a
vertical fault (the ground formation- is not composed of
horizontal multi layers), it indicates minus values. For
such a case, the formation cannot be analyzed as a
horizontal multi-layer formation model. Thus, the extent
and pitch of the fault are detected from the result of
horizontal prospecting having short measuring spaces.

During the hydro-geologic structure survey, areas having
minus values were recorded, but no detailed horlzuntal
prospectlng was conducted.

The relatlve_re31st1vity profile of each Ep area was
prepared from the relationship between the depths and the
relative resistivities analyzed by the curve matching

~ method {see Data Book). As a result, the distribution of

schist, quartzite, and granite was evaluated and fault
locations were spec1fied .

An. analy31s of the geocelectric prospectlng results for
each survey area is outlined below:

(l) Rukara Area (Ep 1 and Ep-2)

Schist is predominant in this area. The relative
regigtivity of the alluvium covering the lowlands is less
than 20 ohm-m. It is considered, therefore, that the
alluvium is mainly composed of clay. '

“In the ridge . areas} the surface layer having relative

resistivities greater than 1,000 ohm-m is underlaid with
a 20 to 30 ohm-m thick weathered layer having relative
resistivities of 100 to 500 ‘'ohm-m. The weathered layer
covers the base rock..



In some ridge areas that are covered with achist layers:
having relative resistivities of less than 100  ohm-m
exist to the depth of approximately -20 m from the ground
surface., Thug, it can be assumed that soil
maturing(becoming clay) has progressed in theSe areas.

The analysis of the Schlumberger ‘Method's results'
indicate the progress of rock fracturing to the depth of
50 to 60 m from the ground surface. However, the ‘progress
of rock fracturing is detected from analysis of the EM
Method's results. _

(2) Muhazi Area (Ep-4)

Granite is widely distributed in the area. The: thickness
of the alluvium layer covering the lowlands is less than
10 m. Its relative resistivities are less. than 30 ohm-m,
The alluv1um layer is malnly composed of clay.;

Except for the lowest herzon (1 350 ohm-m) at the S 3
point, layers having 100 to 500 ohm-m relative
resistivities were detected. As these values are : :
extremely small for granite, it is considered that the
prospecting did not reach the fresh bedrock. In the area
near the lake, intermediate layer having low relative
resigtivities of less than 100 ohm-m were detected. Thus,
the existence of a clay layer is assumed. :

The relétive'resistivity of the lake water was
approximately 30 ohm-m.

(3) Kayonza Area {Ep~-5, Ep-6 and Ep-7)

Schist is distributed in Ep-5 and Ep-6. The covering .
horizon of the alluvial lowlands and slopes is relatively
thick. In particular, in the slluvial plain in Ep-6 it
reaches 120 m. . ' -

The relative resistivities of the covering horizon are in
the range of 50 to 90 ohm-m and 1ndlcates that the
horlzon is composed of clay.

in Ep-7, schist and quartz;te are distributed. The
thickness of the weathered layer is 10 to 25 m. It is
thicker in the schist distributed area.

In the guartzite distributed area of Ep-7 there is an
approximately 100 m wide area where all the value '
measured by the EM Method were minus., Thus, it is judged
that a fault exists in the area. ' .
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(4) Rigarama Area (Ep-10, Ep-14 and Ep-22)

In Ep-10, schist and quartzite are distributed. A thin
layer having relative resistivities of higher than 1,000
‘ohm~-m cover the area. An intermediate layer(weathered
layer) having relative resistivities of 100 to 300 ohm-m
underlies the thin surface layer. The intermedlate laver
is 20 m thick.

.The relatlve res;st1v1tles of the ‘schist bedrock were
determined to be about 2,000 ohm-m by the EM Method and
are in the range of 427 to 690 ohm-m by the Schlumberger
Method. The existence of faults was detected in the
eastern part of Ep-10.

Schist is distributed in Ep-14 and Ep-22. A top layer
having relative resistivities of 200 to 400 chm-m is

- underlaid with an intermediate layer (weathered zone)
which showed 100 to 150 ohm-m resistivities at the depth
of 10 to 20 m.

At 5-1 of Ep-22, the thickness of the alluvium is 30 m.
It showed 80 . ohm—m resistivities indicating the main
comp081tlon is c¢lay. The lower 1ayer (quart21te) having a
relative resistivity of 1,330 ohm-m is digtributed at a
depth deeper'than 120 m from the ground surface.

(5) Mugesera Area (Ep 11 and Ep 12)

In Ep-11, granlte and schlst are dlstrlbuted In the
vicinity of the lake, the lowest layer had relative
registivities of 1, 000 to 2,000 ohm-m{measured by the EM
Method) was detected

At S-1, the relative resistivity of 675 ohm-m was
obtained by the Schlumberger Method. Its true value may
be smaller than the obtained value which is too small for
fresh granlte. :

Most of the layers in Ep~1l have relative resistivities
smaller. than 140 ohm-m. It is assumed that the quartz
sand produced from the granite distributed around the
lake might contain a large amount of clay. The relative
registivity of the lake water was 36 ohm-m.

_Ep-12 is con51dered to be a schist dlstrlbuted area. The
‘alluvium is composed of clay having a relative
resistivity of smaller than 50 ohm-m. Its thickness is 5
to 10 m.
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(6) Rukira Area (Ep-15 and Ep-16)

In Ep-~15 and Ep~16, schist and quartzite are distributed.-
Large pieces of guartzite are seen on ridge areas, and
alternate 20 to 60 m thick layers of schist and quart21te :
are dlstrlbuted. _

The relattve re91stiv1ties of the quartzite were analyzed
and found to be larger than 10,000 ohm-m by the EM
Method. Values greater: than several thousand ohm-m are
considered to be unrellable. :

The relative resistivities of the . schist ‘are about 1, 000
ohm-m. The schist was clearly dlst1ngulshed. :

The thickness of the. weathered layer is 5 to 200m in
general, However, at the saddled portion of the eastern
part of Ep-16, the weathered layer reaches to the depth
of approxlmately 40 m from the ground surface.

At areas approxlmately 100 m east of EM-1 and EM-6 of Ep-
16, the existence of faults was detected: ‘These areas are
located on ‘a line extending from the confirmed faults on

the geologlcal map.

At_EM~7-... located at the eastern part of Ep-~16 ... the
measured resistivity values reversed their patterns on
each side of the detected fault line at EM-6. A layver
with a relative resistivity of 500 ohm-m was detected at
a deeper position. Thus, it is considered that a
guartzite layer overlays the schist layer in this area.

The alluvium'extending north from EM-15 is approximately
70 m thick. The alluvium is thought to be composed mainly
of clay having a relative resist1v1ty smaller than 100

ohm ~m.
{7) Rusumo Area (Ep 17 through Ep -20, Ep- 23 and " Ep 24)

In the Ep 17 through Ep- 20 areas, schist and: quart21te
are distributed while, in Ep-23 and Ep-24, schist,
gquartzite and granite are distributed.

In the guartzite distributed areas, large pieces of -
quartzite are seen on the ridges. The guartzite layer
having relative resistivities larger than 10,000 ohm-m is
distributed under the approximately 10 m thle top SOll
or weathered layer.
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.The relative resistivities of the schist were measured to
be 1,000 to 5,000 ohm-m by the EM Method. However, in
Ep=17, they were measured as being smaller than 200 ohm-m
by'both the EM Method and the Sohlumberger Method.

The relative resistivity of the stream water (orlglnatlng
at a spring) in the southern part of Ep-18 was 400 ohm-m.
The figure indlcates that the water is coming down
through quartzite.'

The granite distribution areas form large basins and
lakes.

The granite in Ep -23 and Ep- 24° were measured as havrng
infinite relative resistivity values by the Schlumberger
Method. The relative resistivities of the granite arxe
extremely large compared to.that of ordinary granite,
Large rocks having diameters of more than 10 m were seen.
The EM Method conducted on a. large rock at EM-4 in Ep-25
indicated a relative resistivity value'of 10,000 ohm-m.

Judglng from the above prospectlng results the granite.
in the area is thought to be a different type than those
composing the formations of Muhazi, Nasho, Mugesera and
Sake areas. It is con81dered to be newly formed rock.

In Ep-24, prospect;ng was' conducted continuously from the
granite distributed area to the quartzite and schist
distributed areas. The prospecting résults shows relative
registivities of 10,000 obm-m(infinite) in the granlte,
greater than 2, 000 ohm-m in the quartzite, and 1,000 ohm-
m in the SChlSt

A rock formatlon hav1ng an 1nf1n1te relative re51st1v1ty
value that distributes at the lower horizon in the
vicinity of S-1 of Ep-24 corresponds to the diorite
distribution shown on the geological map.
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RESULTS OF THE HYDRO GEOLOGICRL STRUCTURE SURVEYS
CONDUCTED IN THE VICINITY OF THE PLBNNED WELL DRILLING

SITES

Baoed on the results of the geoelectric prospecting
conducted for the hydro-geological structure survey in
the large Study Area and overlaying socioeconomic. factors
on the results, the following five areas: were selected as
the well drilling areas for obtaining potentlal water
sources. Further detailed geoelectrlc prospecting was
conducted in these areas:

Br-1:. Ep— 3 80 m deep well drilling areas
Br-2: Ep- 8 .~ do - :

Br-3: Ep-13 ' - do -

Br-4: Ep- 9 150 m deep well drllling areas
Br-5: Ep-21 ~- do -

Based on the results of the hydro geologlcal
reconnaissance survey and the Schlumberger method
groundwater prospecting, the most suitable well drilling
sites were selected. At the selected sites, vertical
prospectlng with 100 m coil spac;ngs and horlzontal_
prospectlng with 10 m coil sp301ngs were conducted by
applying the EM Method

'Further prospecting was conducted by applylng the

Schiumberger Method at locations showing . the hlghest
resistivities or abrupt r881Sth1tY changes that were
found by vertical and horizontal prospecting. By
confirming low relative resistivity zones or
discontinuity points of uniform relative r951st1v1ty
formations, well drilling points were selected..

The horizontal prOSpectlng res ults were shown on the
relative resistivity profiles together with the measured

" values by the 10 m coil spacing horizontal loop(10. H) and

vertical loop(1l0 V) and the 20 m coil spacing horizontal
loop(20 H) and vertical loop(zO V).

The analysis of the results of each selected well
drilling area is outlined below.

(1) Br-1 Rukara-Kayonza Area (Ep-3)

To center the measuring polnt S-1 of the Schlumberger
method, a 1 km long east-west prospecting line and a 1.1
km long north-gouth prospecting line were set up. This
area was selected for a shallow well(80 m deep) drilling
site.
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. North-South Prospecting Line:

The line crosses the river whieh7flows into Lake
Muhazi. The river crossing point is near the 3N,

The horizontal prospecting result shows the highest
apparent conductivity in between S-1 and 5N which is in
" the alluvium distribution zone. Both sides of the
alluvium distribution zone are slopes reaching to
- ridges. The relative resistivities of the slopes are 20
ohm-m larger than those for alluvium.

As a result of the vertical prospectlng u51ng the EM
Method, the relative resistivities of the bedrock were
in the range of 1,000 to 5,000 ohm-m (the relative

" resistivities of the hedrock obtained by the
Schlumberger Method were 440 to 730 m). The bedrock was
therefore. evaluated as belng SChlSt.

The between S-1 and 5N there is a layer hav1ng relative
resistivities less. than 30 ohm-m at a depth of 10 to 20
m-from the ground surface. This layer was evaluated as
being clayey soil. oo ' -

East-West Prospecting Line:

The prospecting line was set up parallel to the river
on its left bank. The line location is 10 to 20 m
higher than the alluwvium.

40 H horizontal prospectlng revealed high apparent

' conductivities along 1E and 4E. As a result of vertical
prospecting, the bedrock in the area was detected at a
very deep level. Thus, additional prospecting by using
the Schlumberger Method was conducted in the vicinity
of 1E through 4E. -

As shown in the relative resistivity profile diagram,
bedrock in the area is schist having relative
résistivities .of 400 to 700 ohm-m. The top face of the’
bedrock is bowl shaped at 1E through SE. The top
portion of the bedrock at a depth of about 80 m from
the ‘ground surface has relative resistivities of less
than 200 ohm-m. This portion was assumed to be the
weathered zone of the bedrock.

In.view of the above, the weathered zone of the schist

in the vicinity of S- 4(4E) is belleved to be a suitable
area for well drilling.
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(2) Br-2 Kigarama-Rukira Area (Ep~8)

To center the measurlng point 57 of the Schlumberger
Method, a 2.4 km  long curved prospecting line stretching
towards the northwestern and southwestern directlon from
5-7 was set up. This area was selected for a shallow
well(80 m deep) drllling site. o

The - prospecting line passes the alluvium developed
between the steep ridge formed of quartzite schist and
Lake Nasho. The area was thought to be a granite
distributed area, but the analysis results of the
Schlumberger Method conductéd on the prospecting line
shows low relative resistivities of less than 200 ohm-m.
No original rock was confirmed. The horizontal :
prospecting results shows high apparent’ conduct1v1tles in
between 11N arid 4N and in between 4S -and 98. ’

As a result of the vertica1:prospectlng.analysis, it was
evaluated that a thick clay layer having relative
registivities less: than 40 ohm-m distributed:in. the high
apparent conductivity zone. Thus, prospecting using the
Schlumberger Method was again conducted in between 4N and
4S which revealed that the area had comparatively low
relatlve resistivity (low conduct1v1ty)

As shown in the relative r951st1v1ty proflle dlagram, a
weathered granite layer of the deepest, horizon having
relative resistivities of about 200 ohm-m is distributed
in a ridge-like shape throughout the area. The concave
portion of the deepest horizon is filled with a small
relative resistivity layer which is thought to be clay.
Above the small relative resistivity layer there is a
clayey soil layer that is distributed to a depth of 30 to
40 m from the ground surface. .

In between'SN and 1S there is a comparatively large
relative resistivity zone ‘of 100 to 500 ohm-m. This zone
is thought to be the distribution of either sand or
gravel. As a result of the above prospecting, the 5-7
area where the sand or gravel is deposited on the
weathered granite distribution is thought to ‘be a
suitable well drilling site.

(3) Br-3 Kabarondo Area (Ep-9):
A 1.4 m long north- south oriented prospectlng line
centering at the measuring point S$-3 of the Schlumberger

Method was set up. This area was seleoted for a deep
well(150 m deep) drilling site. :
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The prospectlng line runs parallel to a ridge formed of
schist and quartzite.

The horlzontal prospecting results revealed low apparent
conductivities. The peak apparent conductivity recorded
was. at Q.bN. : : : o '

The result of the vertical praospecting also indicated the
relative resistivities of 2,000 to 10,000 ohm-m of the
deepest horizon,. except as 0.5N.. The relative resistivity
of the deepest. horizon at 0.5N was 250 ohm-m, and the
existence of a small relative resistivity zone was
detected. Therefore, supplemental prospecting using the
‘Schlumberger Method was conducted in the v1cin1ty of

0. SN : ‘

As shbwn in the relative resistivity profile diagram,
cross sectional direction relative resistivities against
the prospecting line vary greatly and no contlnulty is
seen. Thus, it is considered that the prospecting line
crossed the strata direction (N-S direction) at an acute
angle and the.strata characteristics change abruptly
along the line.

The relatlve r351stiv1tles of the schist were in the
range of 500 to 1,000 ohm-m while those for quartzite
were larger than 2 000 ohm-m. The existence of a small
relative r631st1v1ty zone of 200 to 250 ohm ~-m was found
in the v1cin1ty -of SN(S 10). :

The fault direction in the area runs predominantly from
north to south, but the existence of east-west faults is
confirmed., Thus, the small relative resistivity zone is
thought to be the fault zone. '

Based on the results of the above prospecting, the fault
zone in:the vicinity of 0.5N(S-10) would be suitable for
a -well drilling sate. :

(4) Br-4 Sake Area (Ep-13)

A 1.4 km long north-south direction prospecting line
centering the measuring point $-1 of the Schlumberger
Method and a 1.05 km long prospecting line starting from
3,58 of the north-south prospecting line to the southeast
direction were set up. This area was selected as a
shallow well drilling site.
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S-1 was located at a point approximately 100 m east of
Lake Sake. The elevation of 8-1 was about.25 m higher
than . the lake. $-4 of the north-south direction
prospecting line was located close to.the lake and its
relative height from the lake was small. Thus, an
additional prospecting line was extended from 3.58
towards the southeast.

This is a granite distrlbutlon area, but the resUlts.of a
previous analysis of the Schlumberger Method showed small
relative resastxv1ty values (150 to 430 ohm-m). :

The results of. horlzontal prospectlng showed hlgh
apparent conductivity wvalues -in between 28 and -1 and
‘points further south than 78. The high apparent
conductivities obtained by vertical prospecting were
interpreted as the effect of clayey soil having a
relative re51st1v1ty of less than 60 ohm ~m.

Further, the analyzed values of the horlzontal and
vertical loops conducted in between 7S and: 4S8 and . in
between 11E and BE deviated a great deal and it was
considered that the relative resistivity values would .
also vary greatly in this area (variation away from the
prospecting line). Thus, supplemental prospecting using
the Schlumberger Method was . conducted by av01d1ng the
high apparent conductivxty zone.

As shown in the relative resistivity profile diagram, it
is considered that different stages of weathered granite
layers are distributed below the 5 to 8 m thick sandy or
gravelly soil top horizon, Weathering has progressed
deep into each granite layer showing small relative
resistivity values ... no fresh granite was detected.

In view of the above, it is consideéred that the most :
promising well drilling site is the lowland niear the lake
where the highly weathered granite layer having relative
resistivities of about 150 ohm-m is covered by a gravelly
s0il top horizon (in the vicinity of 38 (S- 6))
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(5) Br-5  Rusumo Area (Ep-21):

To center the measuring point S-3 of the Schlumberger
Method, a 2.45 km long north-south oriented prospecting
line was set up. The area was selected as a deep we11(150
m deep) drilllng site.

The prospecting‘llne_runs parallel to a ridge line on the
middle part of its slope. The bedrock of the area
consists of schist and quartzite.

The results of horizontal prospecting showed high
apparent conductivities at points further south of S~ 3.

'The results of vertical prospectlng showed relative
resistivities larger than 1,000 ohm-m at point north’of
5N and smaller than 200 ohm -m at points to the south. The
existence of faults or a strata boundary was detected in
the area. At 14N, the northern end of the prospecting
line, and 5-4, the relative resistivities of the
intermediate - layer ware small (show1ng a sign of strata
variation).

Supplemental prospectlng u31ng the Schlumberger Method
was conducted in the vicinity of 3N. According to the
relative resistivity profile diagram, the relatlve-
re31st1v1ty value distribution can be divided into three
zones: the upper layer s large relative resistivity zone
(1arger than 1,000 ohm-m) north of 3.5N; the lower
layer's small relative resistivity zone (130 to 500 ohm-
m)_north of 3.5N, and the small relative resistivity zone
(less than'ZOO ohm—m) ‘south of 3.5N

The area was cla531f1ed as a’ quart71te distribution area.
However, judging from the relative re31stiv1ty values,
the large relative resistivity zone is thought to be a
quartzite schist distribution zone and the small relative
resistivity zone is though to be a schist distribution
ZOoNne. Dlscontlnu1ty of the relative resistivity value
distribution is evident in the vicinity of 3.5N. The
existence of existing geological map shows faults in this
area, the faults was confirmed by geoelectric
prospecting.

In view of the above, the vicinity of 3.5N is believed to
be a suitable well drilling site.

G - 19



The proposed test well. sites theref01e were llqted as

below:
Outline of Tost Well
Descrip- : L Site of
tion ' : .. Geo- _
Location . Well Type physical = Geology
: Prospec~ : '
Well No. ting
No.1 SE of Lake 80m Depth. EP-3 Weathered
Muhazil, Muhazi : o schist over-
Kayonza - _ o ' lain by
‘ : o Alluvium
No.2 - W of Lake . 80m Depth EP-22  Alluvial fan
Nasho, Gashiru, ; " deposits
Rukira ' ' RS
No.3 Shore of Lake  80m Depth EP-13 Weathered
Sake, Rakama, e granite
Sake : C
- No.4 Rurenge, 150m E?fg Fractﬁré
Kabarondo Depth zone of
' ' schist inter-
bedded with
sandstone .
. and quartzite
No.b Nganda, 150m EP-21 ' Quartzite

Rusumo

5. EVALUATION |
(1) Schlumberger.Method and EM Method

For the Study's geoelectric prospecting, the Schlumberger
Method and EM Method were adopted. The Schlumberger'
Method utilizes the artificial relative resistivity
method generally used for prospecting groundwater. The
EM Method, by means of EM34, utilizes the loop-loop
method of magnetic fields. The merits and demerits of
the two methods are described in the following.
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One of the characteristlcs of EM34 is that the
brospecting can be accomplished during a short period of
time by a small number of personnel. However, as only a
small amount of information that corresponds to ground
depth is obtainable as’ comparable to the Schlumberger
method, it is impossible to obtain accurate rélative
re51st1v1ty variations towards the depth direction.
Furthermore, as the strength of the magnetic field is
measured in the EM Method the measurements are affected
by noise or thunder. nghtnlng storms that frequently
occur in the Study Area in the afternocons make it '
particularly dlfflcult to obtain stable data.

Relatlve resxstivitles of dlfferent rocks measured by the
Schlumberger Method and the EM Method are shown in- the
follow1ng table:

Prospectlnq Method

. Schlumberger EM Method
Type of Rock ' Method
Schist. 200 to 1, OOO .ohm~-m 400 to 2, OOO ohm-m
Quartzite 200 to more than More than 2,000 ..
. 3,000 ohm-m : o . a _
Granite 100 to 700 ohm-m More than 1,000 ochm-m

For an upper horizon distributed to. the depth of 20 to 30
m from the ground surface, the EM Method's relative
resistivity values (the reciprocals of conductivities)
‘obtained from the results of the horizontal multi-layer
formation analyses agreed with the analysis results of
the . Schlumberger Method. For the lower horizon, the EM
Method's relative resistivity values were large than
those obtained by the Schlumberger Method. Values
measured with the coil spacing of 40 m(intended to
measure values at deep points) ‘are smaller than the
actual values (minus values are occasionally measured).
The smaller inputs signal than that used for smaller coil
spacing prospecting and the weaker secondary magnetic
field as a result of the. bedrock's ‘large relative
‘resistivities are thought to be the reason for the value
variation. For this reason, the true relative
resistivities of the upper layers were obtained by both
the Schlumberger and EM methods and the true relative
resistivities of the lower layers (bedrock in particular)
were obtained mainly by the Schlumberger Method.
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For selecting well drilling sites, qupplemental
prospecting using the Schlumberger Method were conducted
in the vicinities of the peak points or abrupt change
points of the measured values of the EM Method's vertical
and horizontal prospecting. As a result of the
supplem@ntal prospecting,_local points having smaller
relative resistivity oxr. discontinued points of relative
resistivity value dlstrlbutlon were confirmed : -

In view of the above it is con91dered that a
quantitative. evaluation such as strata formation .
analysis, is impossible with the EM Method's horlzontal
prospecting. However, the EM Method is very useful for
selecting potentlal well drilling sites withln certaln
areas. : _ -

For horlzontal prospecting by the EM Method, 10 m 0011
spacing, which makes the secondary magnetic field “the
strongest, was most suitable for taking measurements in a
shallow bedrock area. In an area vhere the deposit of the
guaternary period is distributed on the surface layer, 20
m coil spacing (data obtained by vertical prospecting. was
used for the Study) was thought to be very effective for
evaluating the existence of aqulfers

(2) Strata Formation and RelatiVe Resistivity

Based on the analyzed relative resistivities and depths,
a relative resistivity profile dlagram was prepared for
each Ep area.

Rock formations in the Study Area can be cla351fled as
follows:

1) thlst(S)

2) Schist Quartzite(SQ)

3) Quartzite(Q)

4) Granitic Rock{Gn/Gr).

As the result of geoelectric prospecting, it is confirmed
that each area is composed of more than three strata. The
following figure shows the elevations of the tops of the
deepest strata (bedrock) in each area. :

By taklng into account the vertical changes of each
area's geological formation, the figure is shown by
classifying the lowland area, slope areawand ridge area.

G - 22



200 %

100

Schist sch/0lz  quartzite | Granitic Rock

) Sloping|. Sloping
lowar §Sloningl wpper | Upper | lower |amd lower § and
. NE : Upper

Depth of Non-Altered Parts

‘The elevations of the tops of the deepest strata deviate
to a great extent. In the schist and quartzite areas, the
-elevations become lower from the lowland areas towards
the slope and ridge areas. In the granite areas, the
elevations become higher from the lowland areas towards

" the slope and ridge areas. It is considered that this
tendency is caused not only by the different stages of
weatherlng progress (except in the Rusumo area where the
weathering of granite is advanced) but alsc by the
exlstence or thickness of the covering layer.

follow1ng tables "Summary of Geoelectric Prospecting”
show the average elevation, relative resistivity value,
and corresponding formation in each geologically
classified area and topographically classified area.
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 Table G.1

Quality of Geo-electrical Prospection

Sunﬁay No. Conmune | {;O.j ;:t} ﬁ;oj __i;?‘u;;vey
T | Method Method
EP—1 RUKARA a | 13
EP~2 RUKARA 2 10 |
EP-3 RUKARA / KAYONZA - 8. | 22
EP-4 MUHAZI | B3 2
EP-6 KAYONZA 3 0
EP~-6 KAYONZA 3 0
EP~7 KAYONZA 0 4
EP-8 _HQMM/RWWA tf1i 25
EP~9 KABARONDO / KIGARAMA| 1°1 18
EP—-10 K 1 GARAMA 2 3
EP~—11 MUGESERA 3 3
EP~12 MUGESERA /' SAKE 3 o
_
EP—13 SAKE 9 25
EP-14 K I GARAMA 2 0
EP-16 RUKIRA 0 2
EP-186 RURIRA / RUSUNO 2 8
EP—-17 RUSUMO 3 12
EP—18 RUSUMO 0 10
EP-19 RUS UMO 1 0
EP-20 RUSUMO 3 7
r-EP—zxg "RUSUMO 12 | 26'
EP—22 K 1 GARAMA 2 0
EP-23 RUSUMO 3 a4
EP—-24 RUSUMO B 7
Total |_ , _A98' Foints ;QIQIPoi:nts
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Summary of Geoefectric Prospecting

~ Characteristics of Underground Coditins Based on Geoelectric Prospecting

(Schist Area)

Depth Rés:dlvity
GL-n

" Geology

- {Paces of Rock)

Lowvet - 0 - 4 Less than
' 4 =80 T0~200
60 < 1300~300

Sloping 0- 3 50~300
3-8
.................... 45 < - 250~800

Upper . 0. - 4 200~1000
4 =30 70~200

Deposits
Deposits/Altered
Massive,

Deposnls/ﬂltered
Mtered
'béﬁééi"t"s?ﬂ ltered
Attered

30 < 200~700

Massive -

(Schist/Quartzit Area)

Geology

Depth Residivity : _

GLb-m Q-=mn {Faces of Rock)
Upper -4 = Deposits/Altered -

O L Altered/Massine

15 € - Hassive

{Quartzite Area)
Depth ReSldIVIEY

Gleology

= GL-m  Q-m “{Faces of Rock)
Lower ~" 4 Less-than Deposits
' 4 - 65 50~300 Deposits/Altered
................... 65 <. More than Massive .. . ...
Sloping 0 - 4 300~2000 Deposits/Altered
and 4 - A0 200-~300 Altered
More than - Massive -

Upper. 40 ¢

. (Grénilic Rock Aréé)

. Geology

Depth Residivity
Gb-m  Qn (Faces of Rock)
 Lower 0 - 3 Less than Deposits
' 3~40 - Deposits/Altered
: 40 € 150450 Massive
“Sloping 0 — 4 200~1000 Devosits/Altered
and 4 - 55 100~500 Deposits/Altered
_Upper 55 < '150~100 . Massive

'Characteristicé of Underground Coditins Based on Geoelectric Prospecting

_K§§hist Aréa!a

Depth Residivity

Geclogy

Glm: 2 -m (Faces of Rock)
Lower .0 - 4 Less than Deposits
$ - 60 10~200° Deposits/Altered
................... 60 <. .300~800 Massive . .. .. .
Sloping 0~ 3 50~300 Deposits/Altered
3 - 45 -20~100 Altered
.................... 4% <. 250~~800 Massive & .
~Upper 0 - 4 200~1000 Deposits/Altered
' 4 - 30 T0~200 Altered
Massive

30 < 200~700

(Schist/uuart21t Area)

Geology

Depth Residivity Geo)
GLm  Qem (Faces of Rock)
Upper 0 - 4 - Deposits/Altered
- 4= 75 . = - . Altered/Massine .
%< - .

Massive
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. Upper 55 X 150~1700

_{Quarizite Area)
Depth Re31divlty Geoiogy o
GL-m _ Qm . (Faces of Rock)
Lower 0 - -4 Less than Deposits -

: - 65  50~300 Deposits/Altered
................... 65 < More than, Massive .. .. .
Sloping 0 - 4-300~2000 Deposits/Altered

and 4 - 40 200~500 Altered
Upper 40 < _More than Massive
{(Granjtic Rock Area) .
Depth Residivity Geology
o ~GL-m__ Q-+m  (Faces of Rock)
“Lower 0 - 3 Less than Deposits
3 - 40 - Deposits/Atered
..................... 40 <. 150450 Massive .. . .
Sloping 0 - 4 200~1000 Deposits/Altered
and -4 ~ b% 100~506 Deposits/Alterad
Massive
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