- Kibungo-Rwamagana road: U6km long via Karembo in Mugesera
Commune, slippery in rain.

- Kibungo-Rusumo road: (to Rusumo Fall): 62km long, paved road

- Kibungo~Rukira~Mpanga road: (to the Lake). A narrow road, which'
will be improved for tourism,

- Kibungo-Rukira road: 16km long, partially paved
- Kayonza-Kibungo road: 3Tkm long, paved

- Kabarondo-Rwinkwavu-Kayonza rcad (to Akagera Hotel):

28km long; can be used even during the rainy season,
although it is slippery.

3.9.2 Electrification

Partial electrification of Kibungo city waa recently achieved.
Electrification in other rural areas however, has made little progress due
to lack of a power distribution system.

3. 10 Water Projects

At present, two projects are in the planning stage and one project
iz under construction in Kibungo Prefecture, as presented in the following
table.

TABLE IIT-9
WATER PROJECTS IN KIBUNGO PFEFECTURE

Project Place Project Cost Fund
(FRW)

Water Supply in Kirehe 10,798,966 Belgium
Sub~Prefecture Canada
Kirehe (Rusumo)
(Planning)
Water Supply in Gahini 54,710,945 Parish (75%)
Rukira Commune Parish Government (25%)
(Planning)
sExtension of Kibungo 566,075, 145 World Bank
potable water dis-
tribution system in Rwamagana
Kibungo and Rwamagana other 3 sites

{under construction)

¥ Outside the study area
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3.1 Present Situation of Water Supply and Use

At present, the rural population in the project area is served by
point water sources such as lakes, marshes, streams and springs with no
distribution system. In the project area, for daily domestic water
supply, peopls depend mainly on two existing point sources: protected
springs which were developed by AIDR from 1976 to 1982, and traditional
surface water sources such as lakes, marshes ponds and streams. Though
overall information on water supply is scarce, according to AIDR'S report,
47% of the rural population in the area is now covered by 273 existing
protected springs. The rest of the population reportedly still relies on

traditional surface water.

Another minor water source is rain water which is collected and
utilized in a few social and public institutions such as churches and
hospitals; however, average rural people cannot afford the relatively high
cost required for installation of the necessary facilities for rain water

collection and storage.

AIDR'S estimate of 47% coverage by protected springs seems somewhat
exaggerated according to results of the field survey carried out by the
study team. In fact, more tham half of the population may depend on
traditional surface water which is located in easily accessible places and
often heavily contaminated. The 273 existing springs do, however, play a
very important role as a dependable water =source at present which can

provide relatively clean water almost year-round.

A protected spring typically serves 50 to 100 families in the
vieinity, depending on the discharge capaclty of the spring, which is
usuall& 10 to 20£/min. In fact, the rural areas have a rather low
population density, and the inhabitants must spend hours fto obtain their
daily water supply. Due to cultural tradition, water is carried
exclusively by women and children who walk for 2 to 4 hours (4 to 8km), 3
times a day, to obtain water. DBathing and laundry usually takes place at,
or near the water sources. Actual water consumption figures are unknown;
however, consumption is estimated as follows:

- Drinking and Cooking : 8-12{/c.p.d.

- Washing ¢ 2- 34/c.p.d.

IIX1 -9



TABLE III-1
SUMMARY OF ADMINISTRATIVE UNITS

Administrative Institution . M.R.N.D. Organization

Commune Number of Sectors Number of Cellules
1 BIRENGA 12 59
2 KABARONDO 12 60
3 KAYONZA 8 38
Y ‘KIGARAMA 11 66
5 MUGASERA 15 75
6 MUHAZI 12 66
T RUKARA 8 52
8 RUKIRA 10 58
9 RUSUMD 10 qg
10 RUTCNDE g 51
11 SAKE 13 ' 70
TOTAL 120 694

ITI - 10



TABLE III-

2

POPULATION & POPULATION DENSITY

Population Population Density
No. Commune Area 1982 1983 1984 1982 1983 1984
1. BIRENGA 263.6 37.550 37,353 40,435  142.45 149.1 155,40
2.  KABARONDO  160.3 26,551 27,531 28,004  165.63 171.75 174.20
3. KAYONZA 190.0 23,406 23,760 23,933 123.19 125.05 125.90
4.  KIGARAMA 273.3 34,407 35,597 36.610  125.89 130.25 133.96
5. MUGESERA 48,1 40,091 41,509 2,460 278.22 288.06 294,66
6. MUHAZI 91.6 32,197 33,559 34,500  351.50 366.36 376.64
7.  RUKARA 261.9 30,683 31,542 32,446  117.16 120. 44 123.69
8.  RUKIRA 253.2 28,301 30.344 31,902  117.77 119.84 126,00
9. RUSUMO 788.8 44,399 46,972 45,010 56.29 56.55 62.13
10.  RUOTNDE 93.7 27,117 27,726 28,339  289.4%0 295.90 302,44
11. SAKE 146 .1 32,695 34,198 35,276 223.19 234.07 241,45
Total 2,666.6 357,397 374,905 382,915  134.02 139.46 143.60
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TABLE III~7

DRAINAGE BASINS OF THE STUDY AREA

Name of Basin Area Total Precipitation Available Water
(km?) %108 n3/y %105 m3/4d x104 m3/4

Ngungu River Basin 130 1.24 3.38 4,06
Fastern Basin

of Rlver Akagera 329 2.82 7.72 9.2h
Nyakora River Basin 298 2.89 7.92 9.50
Nasho Lake Basin 260 2.24 6.15 7.38
Subtotal 1,017 9,19 25,2 30,2
Mugesera Lake Basin 4o7 b,05 11.10 13.3
Sake Lake Basin 264 2.63 7.19 8.63
Western Basln

of River Akagera 170 1.66 4,54 5.45
Southern Basin

of River Akagera 253 2.40 6.58 7.90
Subtotal 1,747 17,00 46,7 56, 1
Mubazi Lake Basin 283 2,69 7.37 8.84
Total 3,047 28,9 79,3 95,1

I - 17



8 LG i fede L0E°BE G*G0LL 0 13 Y101
£ 09t 0°.L8 998°¢E 2ke 0 L VEVIVS "2
t hel 6*2S 6HE‘2 L 601 0 ¢ VHIRVAN “LL
8*92 G* L9 g66°2 2°og 0 L ODNOIVH *0L
8792 G* L9 g66‘2 2 0g 0 L OoNOHTA °6
0°6sE £°99 IA A £-26¢ 0 i TENIGIN °Q
) 9°9. 907 €< 0 0 0 YUVEIX "L
L*GEZ 8°99 Lg6e 8- 192 0 € YAYIIN 9
G- gt £ 16 €61 S°09 0 g VHODNOHSYD °¢
0°0ilL 2*29 S9L°e 0 fLL 0 f FATINHYD " §
1oLt £-2zL 9ER‘s f*GE 0 2 VUVHYD "€
g Gli 0°Li Lgo‘e L7068 0 i YONIHIE *2
G* L0 L2n L68°1L 2 19¢ 0 i qUYE *L
(%) (p/cm) (p/gm)
A£9TTIqQRTTRAY PUBEA(] uoTaeTNndog PTeTL pasnun pasn
a6l LATTREQ SPUTJAS JO J3QURMY Ja0909¢

VA4V X(0LS dBL 40 HOIDJAS HOVA ¥od
HALVA DNTH4S 30 ALTTTHVIIVAV ONV ONVRId HELVM

g-11T IVl

VONIHIE ¢ Sunmmop

(L1 3o

L

Im-18



4795 ¥°6L9 L€s¢Le S°gng [ 9L TVLI0L
0 8 es 9nE‘e 0 0 0 VANYXHS 2L
L 9%l 1° 03 geg‘e L-zzl 0 2 VZNOZNY *LL
g ege 22 GclgL €°€91 L L THASHY "0l
L°8s S h9 99g°z L*E9 0 2 VUIHVENY *6
0 1*G9 206°2 0 e} f VaNDY " g
0 g hh £96°1 0 0 0 VHINDY "L
Z2° 65 L*Lg 962°¢z 0°16 0 g vyIdny -9
ETeeL 5*99 a6z L Lyl 0 £ YEWVIN °G
IAPEAL 6°2€ Lokt 0°0l 0 z YHYHOR *f
17t8 E°Lh LoLée 6°€9 Q 2 oaNouYavy £
0- 48l 1 hS 8lh‘e 87991 0 g NAOZNIZD 2
0 € li noL ‘e 0 0 0 YONISIE °L
(%) {(p/cu) (p/gm)
A9TTIQBTTIRAY pusmaqg uotieTndog pToTL pasnuf] pas(]
£961L £1TRQ sdutadg 30 Jaqumpy J01909G

Vady 1J0IS JFHI 40 HOIDAS HOVE M0d

YALVA ONTHAS J0 ZITTIGVIIVAV (RV JNYHEd MMHdS

8-1II JEVL

OaNOYVdaVy : sunwmo))

(LL 3o 2)

1m-19



€792 9 HES 09L°Le L 642 L 8 TY10L
g+2l 0°6% 12942 L*2L 0 1 ODOXHS *Q
0 9° L0l w8l h 0 0 0 NAVMINTME * L
L9l 241G oiLh‘e #7601 A 2 FHYIOH "9
00t £°6. TATKES L6t 0 I YHYYIWTAN *G
L*62 2° 5% wan‘e _8°92 0 L VRYUNWYERASAH *f
" 88 9 th 286t L*g9 ] 2 OYOLOFYYNEOA “E
0 L€EL IA A3 0 0 0 VZNOXVA -2
0 9°19 geL‘2 0 0 0 IDOSYD *L
(%) {(p/¢W) (p/gm}
A3TTTQRTTEAY puEmS(g uotjerndod pTotd pasnuf pasp
£g61 ATTEQ sfuTadg JO Jaqmmy J03D8g

Vadv IdN1S dHL 40 ¥O0IDFS HOVE dod
HIALVA DNIMAS 40 XLTTIAVITVAV GNV ONVREd HIIVM

8~IIT HIEVL

VZNOAVI @ sunumoy

(Ll 3o §£)

u1 - 20



L*65 6008 16G°5E £reantL 9 2t TYIOL
0°9% LoLL ®GR‘E 9° 65 L Z aMADA T LL
gLl g°gn ©ogoLfe L*06 L z FHNIUOY Ol
0 geizl 68E°S 0 0 0 ¥NONY "6
8°0LL f°2s izgcz 8°96 0 £ YUTHEY @
6°Lek 6°LL A AR 8 L1 0 8 YNYSNVA "L
9°65 L°GL 99E‘€ 25l 0 2 AMONVEIEYE 9
0°zel G- €6 9GL Y L*06L 0 € IT FUYEVY °G
2°00¢ 9°GS glu‘e 2*gle L f1 T FUYEYY R
£°gh 065 229z G Ly A 2 VANVHSYD €
€749 8- 4s gEn‘e g° 6% 0 fr YS13SYD "¢
95 2 hg whlE 8L ! 2 AMMNA °L
(%) (p/cu) (p/¢m)
AATTTARTIBAY puBmSqg uctieTndog PIeTA pasnuy] pasn
£961L ATITRQ o eduTJadg JO Jaqumpy J0108¢g

VHVHYDIN @ Sunmmoj

VENY 1d01S F8I 30 ¥01D03S HOVE 404
HALVA DNI¥dS J0 AITTIGVIIVAY ANV GNVHEG YALTM

8-III d7dVL ‘ (Lt 3O #)

11 - 21



g LG " heg LoE‘6¢E G GOLL 0 %3 TVIOL
g 22h L €S ggefe tr*gLE L 1 YZVZ "Gl
2'91€ G*09 L69‘e 8 gLE 0 9 YMIHS *fil
0 6°€9 6£g2 0 0 0 YZVONVS *€1
0 6° 9% Ggo‘e 0 0 0 FONVAN *2L
g #6s 169 66g8°c tr* Gh9 L 6 VUVON ‘it
fr* Q€ L*gS £gc‘e AP A 0 £ 0ONOIVH "0l
0*#G1 1*LL Lzpc 6° 161 0 9 AXOGVANA 6
t*€0E AR wo‘e L*642 0 S OEWYEIX *g
ik 8 9t 2go‘e 9 %€ 0 g II IZITT9IN "L
2°h9E 6789 190°¢E 2 gLy 0 g I IZITI9IN °9
6°65L G LL vk ‘€ -G"902 0 6 AYVIIN 6
L-zgt A 2602 €kl 0 € OgWIYYH "4
0 9°61 LESCE 0 0 0 THSVOVE *€
0 g°19 GLo‘E 0 0 0 TEYIVD 2
8795 1759 616°¢ 2 29 0 € YZIHIZIZD *i
(%) (p/cm) (p/cm)
A]TTTQRTTBAY puemsq uoTjeTndod PTaT4 pasnup pesp
£a61 Fams-lel sfutadg Jo Joqumy J0108Q

ViUV I4NLS JHE 40 HOLOES HOVA HOd
HALVA DONIYdS J0 ZITITAVIIVAV QNV (NVRAd YALVA

8-IIT 49V

VHIASHDAW : Sunmmos

(1L 30 9)

Il - 22



Ll L°€s) 66n°ee 896 ! 8 19101
0°gL €£°€9 HLe‘Z 0*61 0 ! VANQHOE 21
0 6'S 662 0 0 0 TTVDOHVAN “LL
0 Z2-£9 oLg‘e 0 0 0 FENGOYYAN Ot
trGL 8709 0oLtz 9SGl 0 L NAOLVOYEAN *6
0 L°LG Llzte ) 0 0 AMDNVHOAN "8
Lql 70l 62l ‘€ €11 0 l TARYEOA * L
g°ge 0°8% Lis‘z 9° .2 0 z VANIDIEANOW °9
0 661 6Lz‘e 0 0 0 AONVUYAOR *S
0 L €g 65E‘e 0 L 0 VRUNDIZVITE "
0 L°g9 Gz0‘e 0 0 0 quvavy "€
6°8 0°88 016°E 0*€L 0 z ITVHSID ‘2
g€ 6°€L 9gz‘¢t €4 0 L TivD *L
(%) (p/gm} (p/gm)
A1TTTqRTTRAY PURES( uotleTndog pPTaTL pasnup pasn
£g961L ATtRQ sBUTadg JOo Jaqamy J0109¢8

VNV X00IS FEI JO HOIDES HOVE HOJ
YAIVA DNINAS 40 XITTTEVITVAV NV QNVHEQ HEIVM

g-III 19Vl

TZVHOW ¢ sunumo)

(Lt 3o

9)

IIT - 23



g-zL L* 601 ZRGELE G 6l 0 9 TYIOL

679l 2°6G #Sh‘e 9-2. 0 2 INOANYWYZIE °Q
0 LT 0L 6094 0 0 0 VANIHSIWIMY * L
G°9 L*9€L 670°9 Lyl 0 L VEVINY °Q
£-0oL L*gg 608 °E Lyl 0 L VHIMVIN *G
9* Ly 665 £99°2 St Ly 0 2  ODNNEVIVAN “t
0 GGl SGele 0 0 0 TZNIXIN "€
0 9°8L Z6H ED 0 0 0 THIDNVMVA "2
0 0 sl LLLés 0 0 0 INTHVD *L
(%) (p/cm) {(p/gm)
£4TTTQRTTRAY puewaq uoTieTndog pISTA pasnup pesy
Coht A1TRQ SEUTJIAS JO JOQENY JI03038¢

YUVIQY @ eunwmo)

Vauv XdALS HHI 40 HO1o3S HOVE MOd
HHLVA ONIY4S 30 IITTIAYVITVAYV NV ONVHEd MAIyM

g-TII A19VL ‘ (1L J° 1)

1T - 24



0°6¢ Leego wre ot 1408 0 ol TVIOL

0 wo €L Lge‘ce 0 0 0 FONAEOY 0L
8°Eh 601 LGLEE g°1q 0 { YWYHAY 6
G° 694 8" gn Liife 6°1g€ 0 € VAVEYDNE *8
0 1.9 L66‘e 0 0 0 YINUVEIAN *L
0 L9 L66°2 0 0 0 THINTHSOH 9
6° GG G 0L HELCE L g9 0 L YRYHOR °&
5706 08l 99f ‘€ L*69 0 L 00vanW *f
el 6*6L 26s‘¢e 0°61L 0 L AMIID €
L*EEC 8°89 Lao‘e 6°18€ 0 £ mINITO *2
0 0°€l GHez ‘e 0 0 0 NYTHSYD *L
(%) (P/ct) (p/cm)
A3TTTqRTTRAY puemag uoTgeIndog protd pasnuy pas(
£a6t . £ATTREQ sauTadg jo Jaquny 102089

VUVIY = 2Unmmac)

VHdV I40LS 3H]L 40 HOIDAS HOVA 04
HALVM DNTHdS J0 ZITTISVIIVAV NV (ONVHEQ YEIVM

8-1II 4T8Y1 , (L1 50 8)

II - 25



rAPA 6°950°1L 2L6°9n 6T iELlL 0 ol I01
0°66 € L1l nLz‘s G €61 0 9 AXNENEYIN 0L
0 £°1Lg L9 g 0 0 0 ITYOONYAN *6
8 g gLl LLLfE L*L10L 0 fr AYVIIGVAN - g
67 9%l G oni 605°9 9°gsE 0 9 YZVSOW * 1
8°G01L g-LoL _ 26L 'k L*061L 0 2 HHEYIY *9
9°6L 2 6L1 962°¢G Lg%l 0 L ¥NIDIN *G
L°0€ G-gel LtLfs 1749 0 2 VWYUYDIN "k
6°0fr L*56 sze'y g9 0 £ YAGOMNYYE "€
0 8°2S gnE‘e 0 0 0 TINISID 2
0 0*LEL 880°%9 0 0 0 BYOIVD °L
(%) (P/gm) _ (P/cu)
£3TTIqRTTIRAY puemEsq uoTjeIndog pPIoTL pasnuf pasn
€961 ATTRQ sFuTIdS IO Jaqunpy J0703%

OWNSAY < SUNUEIoY)

Vauv X4l JHL J0 Y013ES BOVE d0d
HHLVA DNIYdS JO XITTTIVIIVAV GNV ANVHAd HAIVM

8-III gVl " (LL JO 6)

I - 26



€18 g E£29 geléiz 6°09L°L g 7e TYIOL

8 HsE 129 : 6GLte 2°L9E L f7 A0S °6
g- 621 0°89 220‘E 6 9nt L fr OENINIMYE -8
1" G6 g2l ggzée g GLL L i ngEmMy L
8* gl 9°€l gLt g-202 L 9 HANOINY "9
G 69l L1L L9L¢E 1961 0 9 FONVSAHYAIN &
Lz L9 LEL 2 0°€EL L 4 VANISN "1
L 29 S 19 998z L9 0 4 OONOMN "€
0° 8% 6 9. Ligte 155892 0 Z OMIEVOIN *2
G2l REL 292¢¢ 0°gls 0 G YHAQYY "L
(%) (p/cm) (p/cm)
A3TTTQETTRAY [si=ineted uoTgerndog PTRTA pasnup pasn
£961 A1teg sFuTJIdg JO Jagummp J0108¢

JONOLNY = Sunmmo)d

VUV IJALS HHLI 0 HOIDAS HOVA HOA
HIIVM ONTUdS J0 ZIITIAVIIVAV NV GNVHEQ HILVM

g-IIT J79VL (1L Jo 01L)

I - 27



n° Gy grlotéy G061 LE 6 gER ‘el 9l LS2 TVIOL TINd
G*62 L L9k gLL HE L°916°L 0 Lt T¥I10L
0 G*69 L60‘E 0 0 0 IT0HS °gi
L*ELQ 1°9€ 7091 £-52% 0 S IT VWIXNY *ZL
6°GL 6°8¢ LELSL 2 6h 0 g I VHExny i
0 Lo wl Q2E°E 0 0 0 ITEERMING 0L
o 9°tl GLE‘E 0 0 0 0ovany 6
L°GLe 6705 £9gte 8" .92 0 £ IT ITIHSN 8
w° 69l 65 Lh9¢2 S lgl 0 € I ITIHSN ~)
0°79S L*0S gze‘e 0 0 0 YWOON 9
0 L*6L LHGE 6°0Ly 0 1 YMHOW *6
0 2739 LEQ‘E 0 0 0 JA0EH h
0 9°1G 6622 0 0 0 II ¥onavW ¢
0 105 gezte 0 0 0 I vOngvH -2
0 L*€9 pegfe 0 o ) ¥ZOiIo "1
(%) (P/ctm) (p/gm)
AqTTTQRITRAY pUBHS(] uotaeTndog pTaT4L pesnufn posn
€gbl A1rEQ . sZuTJdg Jo Joqumy J0109¢

Vauv XdAls dHL J0 HOLOHS HOVA HOd
HIIVM ONTHES J0 XILTIAVIIVAV NV QNVHEQ ¥3IVM

8-II1 EIGVL

DIVS @ SUNmmo:)

(L1 30 11L)

I - 28



SSTL VIIHVEVHE "I
Ia3semolBing

opuoIBgEY JO 22I1JJ() FUNEENO)

HdOLSI¥HD VNVHWIOVAN "IW
Ia3semogang
vIas98ny JO 95III0 [ERUnImmOn

stodueai ITVAVE *IN
Iajsemoding
pWEILSTY JO °2TFIQ IBuUnmEo)

sTodoueid VMNIHVML *IH
ax@3jsemolang

HIVS JO IDTII0 TRUNEMO]

li

@s5Tpoaydedy YZANIGVH *IW
xo3semoBang

VONZIIG 30 33TI30 [Bunmmo)

—

- IR
Io3semofang
IA0E Jo 921130 TEunmmo)

813159aT4AS ISITIWVD ‘IR
a93semodang

OHASNY 35TFI0 TPURmEO)

5AITeIIV 2ATIRIISTUTTPY Jo 231y0 Ul uounmbow:mume

usTqed JIO0ONOHSVD "IH

—

ydosor YNVWIEVSN "IN

SATeIIV JTWOUCOE TEITUYDdL IO 93IPYd UT I0uIIA0T-2DTA

218138g UPS[* VHEOSHINNW *IW
SITe3ly [EYI3TIod Jo 28irUuD UT I0UIBA08-2DTA

ﬂwvzmﬂu ued[ YZIZNOUOAN *IH
aazsemodang

IZVHOK 30 221330 TPUnUEO)

< IR
Is3semoding
YZNQAVY 3O 201TIIQ [punmmmo)

stobueiil FAFIOZVANOH °IW
Is3semofing

VIVANY J© 32IFI0 [rRUNUIOD

2ISPPOA VANIHIVI IR
-I23semolang

apuoiny Jo SO0TIJJ0 IPUunumEoe)

ydssof YNVHIGVH ~aR
I0UIDA05

FHIYIN 30
HFANLOAITII-qNnS

SIXITV VMAIHVAINVH *“IH
I0TUIDAO)

VNVOVRVMY Jo
HINLIHITII-qng

uT3SaT[I) ITIIVIEAONG °IH

SIT®IIV TRIniInD ¥ [PID08 JO 28IPYD UT I0UISA0S~3DTA

-

2inyoayeid o3unqry 2Y3 JO JIBYD UWOTIRZTuRSIo IATIRIISTUIWPY

18TARY HZHIIN *IH

MENLOEIHII OONAGTH

I0UIIAQY

1-I11 -81d

o1 - 29



Ausueq uonendod -1 B!

I - 30

SENIENY

THSN 1 ayes JB7

Nyabarongo

S h VINGON = i, N
) oMe
yiANA MES 4 \Fl. 2
aang Yonavin ﬂ
O

Govary 72 —N
e ——}

YAYENY
I r\. \\ﬁ@mz\ YHYON 7 f7ve — .
/\\ WZYENYS
HINYAN VHIHIZIAD 23, s
asNnE MINYSNTS OBNEUVH P—— S TOHS
7/ —— e = 4
SXNEI ESLE) T e ——
ININA = SERmINg
f Savai —
L LITTS
YNOSMH zZinawnit e ‘_mmmm%\oozoﬁ:
&ﬂe&:w S
G viasabnyy

HEYOYN
SMONVEIEVH oF]
-pBuedwemy 287 .o, : o~
Yoo BOLBOUBMY . 9B oysey 0BT Joa
> — NAGZNIAS 7 foNnN
0 rianr 8 TR, Z
opuoreqey| /A wnaw
OUNOLVEVY, i)
WHINVEY e
S YISO B yZNOANE
ANOLNH
WINYYIN E
spuoiny
= YVAVHINYANN §K\
2
¥ oanMIME
TIVHSID WANIDIANIIN
iy
YONISN IVONHYAN
VANONYINOHN
FLres AAOLFSYAN
N
o A
ewoyf 287 TNV \ M
WAEADIZYI
e e
izeynyy 0BT

FHISNYANM

~008
008~-00%
005~-00g
00e~0Sc

eclunnsy g7 052~002

b 002~081

0S1~001

Q0L ~0%
oficH J%7] 0% ~0







Altitude

1800m

1700m

1600m

—] 1600m

7 1400m

1300m
Lake
River

Underflow
Waterfall

5]0 km

Fig. 111-3 Relief of the eastern region of Rwanda
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CHAPTER V. THE PROJECT







CHAPTER IV

THE PROJECT

4.1 Objective of the Project

The main objective of the project is to provide a safe water supply
to meet the domestic needs of the rural population in the project area up
to the year 1990, when the total rural population in the area is projected
to reach 475,043. '

At present, the rural population in the project area is facing a
serious shortage of safe water and is forceced to rely on unsafe traditional
sources of water such as lakes, marshes, streams, springs and other
surface supplies which are already heavily contaminated with human and

animal wastes.

The project aims to strengthen, expand and improve water supply
sources in the project area, putting particular emphasis upon ground water
development which has not yet been carried out in Rwanda. Under the
project, water supply source will be converted from contaminated surface

water to protected wells equipped with pumps.

Also, provision of a sufficient number of reasonably distributed
wells in the rural areas will markedly reduce labor required in obtaining
water from the source. This will, in turn, have a significant and
beneficial impact upon the standards of living and public health of the

rural population in the project area,

h.2 Approach
The apprcach adopted in formulation of an overall plan follows the
basie policy framed in the preliminary studies with additional detailed

information obtained through this study,

4,2.1 Selection of Ground Water as a Main Water Source

Until recently, water resource development efforts in the rural
area of Rwanda focused on the development of springs at the foot of hills
or in valleys. However, almost all conveniently located springs have been

developed and chances of finding undeveloped springs are scarce. Although
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surface water supply is sufficient to provide water for more than half of
the rural population, it is subject to severe contamination and poses a

serious risk to the health and welfare of the rural people.

Considering such difficulties and the limitations of existing water
sources, utilization of ground water, which is comparatively plentiful in
the project area with high annual recharge by rainfall, was given priority

in water resource development,

§.2.2 Minimum Operation Coat and Maintenance Work

From the first stage of the preliminary study, minimizationm of
operation cost and maintenance work was given priority in consideration of
the low income level of the rural area and lack of trained techniclans,
Acoordingly introduction of advanced facilities and equipment was avolded

as they inevitably entall greater fuel consumption and maintenance work.

Thils concept was reconfirmed as a reasonable approach to the
project by the observations of the study team; on the other hand, there is
a strong desire for more advanced facilities and equipment by the Rwandan
people, Therefore, although at present the above approach 1s emphasized
in design of facilities and equipment, due consideration will be given to

the desires of the Rwandan people in future planning.

4.2.3 Reduction of Time and Labor Expended for Obtaining Water

As  previously deseribed, the rural population often does not
utilize safe water sources when they are located at a relatively far
distance. Instead, they opt Ffor the nearest water source even if it is
eleariy contaminated. When planning development of new water sources it
is therefore desirable to establish as many small point sources as
possible  throughout the' area in accordance with the population
distribution pattern.

In this project, the Cellule 1s selected as the most suitable unit
water supply district. The project proposed provision of at least one
well per Cellule to reduce the walking distance for users, with a maximum
distance of 1-2km (one way).
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4.2.4 Water Supply Where Ground Water is Unavailable

As described in 4.1, the main objective of the Project is to supply
domestic water by utlilizing ground water resources, However there are
many regions where a reasonably accessible and adequate aquifer is not
available. One permanent solution for thls problem may be extension of a

piping system to transport water from another dependable water source.

Such a solution however, requires a considerable investment cost
for piping facilities as well as a long construction period, It is thus
an impractical method for satisfication of urgent water demand in most
rural areas abt present. As a temporary solution, utilization of rain
water should be consldered as it requires minimal investment cost and can

be implemented immediately.

4.3 Project Description

The project will provide suitable water supply facilities in eleven
(11) Communes of the project area and will consist of:

~ Construction of 186 tube wells;

= Supply and installation of sufficient manually operated pumps for
the above wells;

-~ Supply and construction of all neceasary facilities to protect
wells from external contamination, such as platforms, ditches for

drainage and fences;

- Supply and construction of 12 rainfall storage units for
districts where development of ground water is practically

impossible;

- Supply and construction of a workshop for maintenance of drilling

machines, supporting equipment, pumps and tube wells;

- Provision of engineering and construction services including

electric sounding to carry out the detailed design;

-~ Provision of the above services for managing and supervising

overall construction works; and,

- Proper tralning of local staff and technicians in electric
sounding, drilling operations and maintenance of machines and

equipment.
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Water supply facilities adaptable to the project comprise the
following types.

1) Shallow dug wells

2) Tube wells.with manual pumps

3) Deep tube wells with electric pumps
4) Rainfall storage units

5) Springs

34.3.1 Shallow Dug Wells

Existing wells in the proJect area are mostly hand dug wells and
mainly supply drinking wabter for livestock. Manually dug wells are too
shallow to obtain water from the aquifer. Consequently, dug wells are
located close to existing surface water such as lakes, marshes and streams
to obtain water at a shallow depth. Surface water inevitably flows into
these wells, resulting in contamination of well water. The quality of
water from shallow dug wells is very poor and is not suitable for
drinking. Moreover as shallow wells must be located near surface water,
users must often walk long distances to reach the source.

Considering these disadvantages, this type of well should not be

adopted under the project sven where other types are infeasible,

4.3.2 Tube Wells with Manual Pumps

This type of well is drilled by a drilling machine and protected by
the well casing from contamination by surface water. The manual pump does
not require elaborate operation and maintenance and the cost of the pump
and spare parts is quite inexpensive. Accordingly, this type of facility
is preferable as the main facility under the project,

The typical manual pump can 1lift water up to 50m with a maximum
design capacity of 1,000{/h. As 1t has a rather large lifting capacity,
location near valleys to catech shallow ground water is unnecessary and
hence it can be located in a much broader area than dug shallow wells,
Installation near the users households will greatly reduce distance and
time required for hauling water. Particularly if wells are installed at
the centér of Cellules, the average walking distance may be reduced from
the present 2-5km to 1-2km.
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4.3.3 Deep Tube Wells with Power Pump

The depth of the manual pump mentioned above is restricted to less
than 80m. Where ground water is located in a deeper zone, a motor driven

or engine driven pump should be adopted.

The deep tube well equipped with power pump is common in rural
districts throughout the world; however, before adopting a power pump,
actual conditions in the project area must be considered. The
concentration of population in Kibungo Prefecture is sparse with most
households distributed thinly along the hill tops or hill sldes,
Electrification and water pipe distribution will thus be difficult and

uneconomical,

Use of power pumps with diesel generators is questionable in view
of fuel consumption and maintenance work required, The 1level of
technology for operation and maintenance required for such pumps is
presently beyond the capacity of the rural labor foroe and operation and
maintenance costs would represent a heavy financial burden for rural
communities, In consideration of the above, use of deep tube wells
equipped with power pumps was not adopted in the project at this time,

excepting one well in Kayonza,

4.3.4 Springs (Kano)

At present, half of the rural inhabitants rely on developed
springs; however, as mentioned in 4.2.1, development of further spring
sources is unlikely. In fact, the role of springs as point water sources
is expected to be gradually replaced with new deep tube wells, becoming

supplémentary water supply souraes,

Hence, conventional development of springs as point sources is not

included in the project.

h.y Design Criteria

4.4.1 Design Year and Supply Population

In consideration of the goal of the United Nations' "International
Drinking Water Supply and Sanitation Decade", 1990 was selected as the
design year of the project. The water supply scheme proposad under the
project will be planned to meet water demand up to 1990 in the project

areda.
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4.4.2 Supply Population

The total population of Kibungo Prefecture is 371,905 as of 1983,
Though overall information on rural water supply in the prefecture is
scarce, only 5% of the total population is estimated to have reasonable
access to permanent piped water services in Kibungo and Rwamagana city.
Approximately 45,44 of the total population is estimated to utilize
protected springs developed by AIDR. The rest of the population (49.6%)
is forced to rely on unsafe traditional sources of water such as lakes,
streams and marshes. These people are regarded as the beneficlaries of

the new water sources to be developed by the project.

Generally, the majority of the rural population in the project area
is scattered in a uniformly thin distribution throughout the hills and
other areas. Partially concentrated villages or clusters are not common
in this area. The population of the project area in 1990 is estimated at
475,043. Yearly population growth rates used for this estimation were
caloulated on the basis of the population of individual sectors from 1978
through 1983, using the population statistics available for each.

Although Cellules rather than Sectors are supposed as suitable
water suﬁply distriets, population data for Cellules were unavailable
except for the number of families. On the other hand, reasonably accurate
data were avallable for population of Sectors and accordingly the
population of Cellules is estimated from that of Seators including:
caléulation of the average number of members in a family for each Sector;
estimation of the future average number of members in a family for each
Seator by applying the 'growth rate of the population of the relevant
Sector; and caleulation of the population of Cellules by multiplying the
number of the average future members of the family by the number of
familles in each Cellule.

According to the above caleulations, the population in the project
area in 1990 is estimated at 475,043, The possibility of divislon of
Cellulez in the future due to over-population was not considered in
calculation as such a division is principally a political decision of
Rwanda, and no actual plan of Cellule reorganization has been issued in
the past 10 years. The results of caloulation are summarized in TABLE
Iv-1.
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h.4.3 Per Capita Water Consumption and Design Water Demand

(1) Per Capita Water Consumption

The levels of water service in Rwanda were planned in the
Sector Study carried out by World Bank and WHO, in July 1978, and
indicated in the general report of the first conference for
"Déoennie Internationale de 1'Approvisionnement en Eau Potable et
de l'Assainissement (DIEPA)", lssued as RWA/BSM/001.

The contents of the same are summarized as follows:

1) Target up to 1985

In the urban area, 40% of the population will be served
by private connections with a daily supply of 70{ per capita,
and 35% by public standpipes with a daily supply of 20{ per
caplta. In the rural area, 70% of the population will be
served by public standpipes, springs, wells, and small
distributions (no mention of daily supply).

2) Target up to 1990

In the urban area, 45% of the population will be served
by private connections with a daily supply of 80/{ per caplta,
and 45% by public standpipes with a daily supply of 22.5f per
caplita, In the rural area, 80% will be served by public
standpipes, springs, wells, and small distributions (no

mention of daily supply).

In the project area, average daily water consumption is
estimated at 10{ per capita or less., This consumption level

is very low compared with the worldwide standard,

There 1is no official design criteria for daily water
consumption per capita in the rural area. At present, other water
supply projects using springs have applied a daily rate of 22.5fper
capita for gravity distribution systems with public standpipes. In
this project also, 22.5{/ha/day will be applied for a similap
distribution system to be dinstalled in the water distriet of

Kayonza Zone I with electrie pump and standpipe distribution.

In the case of point sources (hand pump and springs), a daily

water consumption per capita of 22,5{ is excessively high
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considering the findings from monitoring of the pilot well (No.1).

The main factors that should be considered in determination

of daily water consumption per capita are as follows:

a) Average actual dally per capita water consumption is
9.8{according to the results of monitoring the pilot
well (No.1). This value represents little increase
over the former water consumption rate before pilot
well installation as beneficlaries must wait about
one or twoe hours to obtain suitable quality water
from the well,

b) Daily water consumption is expected to inorease to
10-15{per capita, while time required to obtain pure
water will be reduced hy installation of a number of
wells in the same area,

c) Water for washing can be supplied from existing
springs, streams, and lakes,

d) Taking a daily water consumption per capita of
22.5{for the wurban area - (stand ©pipe) into
consideration, about 20{per capita is considered as
the minimum amount for drinking and hygienie use to
preserve health and prevent the spread of water-
borne and related diseases.

In this project, a dally water consumption per capita of 15{ is
therefore adopted in ecalculations for proposed wells. This figure is
obtalned by subtracting 5{ for washing from the minimum of 20{. This
water consumption level will be sufficient even with the expected
increases from the present level (8~10{/h/day) which will arise with

improvements in rural living conditions,

(2) BEvaluation of Existing Water Sources and
Net Design Water Demand for the Project

In order to estimate the net water demand to be covered by
the project, demand covered by the existing water sources must be

evaluated and subtracted from the gross demand in the project area.

In Kibungo Prefecture, 273 springs were developed under the
"Aménagement des petites sources" from 1976 to 1983, These springs
serve approximately LU2% of the gross water demand in Kibungo
Prefecture (45.4% estimated by the study team as per III-8),
Generally, most of the existing springs are located in inconvenient
places and spring-rich zones in this Prefecture are concentrated in
certain areas. People who live far from springs must spend a large
portion of time hauling water.
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4.5

TABLE

Despite the various limitations however, existing springs can
be used as supplemental water sources together with proposed ground
water development. In consideration of s=seasonal fluctuation of
spring water, 60% of effluents will be regarded as effective water
supply.
and streams,

Traditionally used surface water, such as lakes, marshes
should not be considered as existing water sources to

cover water demand under the project as the gquality of the same is

unsatisfactory.

The design water demand for the project 1s summarized in

TABLE 1V-2,

Criteria for Determination of Water Source

(1)

Hydrogeologlioal Classification of Type of Water Source

Photogeological and hydrogeological study have revealed that

the types of water sources exploitable in the study area can be
classified Into eight (8) categorles as listed in TABLE 1V-3,

Iv-3

CLASSIFICATION OF WATER SOURCES

Water Source

Character-

Rock Type

Category Symbols istics of of Aquifer Remarks
Aquifier
(1) Rivers and lakes R/L - - localized pollution
of water
(2) 3prings Sp - - seasonal fluctuation
. of water level
(3) Precipitation Pr - - seasonal fluctuation
(4) Shallow wells 31 unconfined quartzite. fulluvial deposits
{under 30m in depth)
(5) Shallow wells 32 unconfined quartzite abundant boulders
{under 30m in depth)
(6) Deep wells D1 confined quartzite dominant schist
{over 30m in depth)
{7) Deep wells D2z confined quartzite dominant quartzite
{over 30m in depth)
(8) Deep wells D3 gonfined granitic extensive joint
{over 30m in depth) rocks system weathered

zone
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Water sources such as rivers and lakes, springs and
precipitation, are discussed in section IV-8 and accordingly the

present section mainly focuses on shallow and deep wells.

1) Shallow Wells

A shallow well is deflned as a well less than or equal
to 30m in depth, and is subdivided into 2 categories, St and
52, according to geological conditions, S1 sites are mainly
composed of fulluvial deposits (sand and gravel), whereas 32
sites are ocomposed of fulluvial deposits and ocolluvial

deposits (abundant boulders).

The ground water obtained from shallow wells is
generally unconfined, Areas where ground water will be
obtained from S1 or S2 shallow wells are shown in FIG, IV-1,

2) Deep Wells

A deep well 1a defined as a well more than 30m in
depth, and is subdivided into 3 categories, D1, D2 and D3,
according to geological conditions., Both D1 and D2 wells are
located in areas composed mainly of interbedded quartzite and
schist, Schist is dominant at D1 sites, whereas gquartzite is
dominant at D2 sites, Quartzite forms a good aquifer as it
is well Jointed, whereas schist may form confining beds as it

is generally impermeable.

D3 type wells are located in areas mainly composed of
granitic rocks, Although granitie rocks themaelves are
impermeable, they often form an extensive Jjoint system in
rocks, parallel and/or perpendicular to the ground surface
and at right angles to each other. In addition to this,
granitic rocks may contain weathered zones. Both the joint
system and the transitional zone between fresh and weathered
rock may offer opportunities for aquifers with Llimited
supply. The locations of such aquifiers are, however,

strongly controlled by weathering and are usually localized,

Therefore, D3 sites should be selected according to the

results of electric soundings and test boring. FIG, IV
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shows the areas where ground water will be obtained from D1,
b2 and D3 deep wells, together with the areas of S1 and S2
shallow wells.

(2) Geophysical Ground Water Survey

Two different geophysical methods, the ELF~MT
(magnetotellurie) method and the Schlumberger electric sounding

method, were used for ground water survey in the study area.

The ELF-MT survey revealed the outline of horizontal
distribution of apparent resistivities related to rock type and
water content in the surveyed area, while the Schlumberger electric
sounding revealed the vertical distribution of resistivities
related to the depth and thickness of layers at each gite of

measurement,

The number and Jlocations of each geophysical survey are
summarized in TABLE IV-4§,

TABLE IV-} SUMMARY OF GEOPHYSICAL GROUND WATER SURVEY SITES

Method ELF-MT Electric

Area Sounding Test Boring

{1) Kayonza - 4 No. 1
(2) Kabarondo - 3 No. 2
(3) Kigarama - 3 No. 5
(4) Sake 16 2 No. 6
{5} Rukira I 12 2 -
{6) Birenga 14 1 No, 7
{(7) Rukira II - 1 No. 3
(8} Rusumo 15 2 No. U
(9) Muhazi ' 35 3 ~
(10) Mugesera 15 1 -
(11) Rwamagana 1 -
TQTAL - 139 sites 23 sites 7 sites
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FIG, IV-2 shows the locations of geophysical ground water
survey sites. FIG. IV-3 (1) - (7) and FIG, IV-4 (1) - (23) in the
supporting Report illustrate the results of the ELF-MT survey and
Schlumberger electric soundings, respectively., The results of the
geophysical ground water survey in the study area are summarized as

f'ollows:

1) Kayonza area: {see Fig. IV-3(1) and IV-4(1)-(}))

FIG, IV-3 (1) indicates low resistivity zones (less
than 200ohm,m), stretching along the Nyankora valley from
southwest to northeast which may be mainly caused by ground

water,

Electric soundings were carried out across the wvalley
Lo outline a geologlcal section passing the area where the
lowest resistivity was obtained (site No 1), FIG, IV-l {1) =
(4) shows the results of the electric soundings. The figures
in the column designate resistivities in ohm.m assigned to
each layer, and the figures allocated outside of the column
designate the depths of the boundaries between successive
layers.

FIG. IV-4 (1) - (4) are summarized in FIG, IV~5 as a
geologlical section inferred from the results of the electric
soundings. According to the results, ground water appears to
occur at depth of approximately 5 to 20m and below 30m, in
general, As the upper aquifer mainly consists of alluvial
sediments of =soil, c¢lay, sand and gravels with poor
permeability and high porosity, ground water yield may be
scarce, Wwhile the lower aquifer comprising of well-jointed

quartzite and.schist will yield sufficient ground water.

Similar geological structure may be inferred at any
place along the Nynkora valley by the extrapolation of the
geological structure shown on FIG, IV-5,

One of the test borings (referred to as N© 1) was
carried out at site N© 1 shown on FIG, IV-3 (1),
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2) Kabarondo area: (see FIG, IV-4(5)-(7))

FIG. IV-4 (5)=(7) show the results of the electric

soundings carried out in the Kabarondo area,

According to the data obtained at site N° 1, where test
boring (No. 2} was carried out, two aquifers may exist, one
at a depth of less than approximately 20m and the other
deeper than approx. 30m., As the former is mainly composed of
alluvial sediments and boulders with thick layer of soil and
clay, permeability may be poor while porosity is very high.

The latter is mainly composed of well-jointed quartzite
and schist, At this site, the target depth of the boring
should be more than 40~50m in order to reach the deeper
ground water which may be subject to less contamination than

upper ground water,

3) Kigarama area: (see FIG, IV-U4(8)-(10))

FIG., IV-4 (8)-(10) show the results of electric

soundings carried out in the Kigarama area,

According to the data obtained at site N© 1, where test
boring (N©® 5) was carried out two aquifers may exist one at a
depth of less than 20m and the other at a depth below 50m.
The former may consist mainly of alluvial sediments of sand
and gravels, while the latter may consist of interbedded

quarzite with dominant schist,

The target depth of the boring should be deeper than

50m up to 70m in order to reach the deeper aquifer.

by Sake area: (see FIG, IV-3{(2) and FIG, IV-U4{11)=-(12))
FIG. IV-3 (2) and FIG. IV-4 (11)~(12) show the results

of the ELF-MT survey and the electric soundings carried out

in the Sake area.

As this area malnly oconsists of impermeable granitic
rocks, it is rather difficult to determine the location of
ground water, However, according to the data obtained at

site N® 2, where test boring (N® 6) was carried out, the
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existence of two aquifers is inferred; one is at a depth of
less than approximately U40m and the other is at a depth below
approximately 50-120m., As the latter is too deeply located
for the use of a manual pump, the target depth of the boring
should be 50 to 80m.

Az shown on 'FIG. IV-3(2), the electromagnetically
anomalous area is distributed in the vicinity of Lake Birara,
This may be attributable to the difference of terrain height
in the area., Hence, the viecinity of lakes 1s recommended as

the location for wells which might be exploited in future.

5) Rukira I area: (see FIG,IV-3(3) and FIG,IV-4(13)-(14))

_ FIG, IV-3 (3) and FIG, IV-4 (13)-(15) show the results

of the ELF-MT survey and the electric soundings carried out
in the Rukira area. This area has topographical
disadvantages. As the valleys are deeply dissected, the
ground water table should be relatively deep, and the boring
site must be located on slopes or in the valley. However,

accessibility of the valleys is very poor,

As shown on FIG, IV-3 (3), an anomalous area of
resistivity is found in the valley (Rwangakobo area)., The
data shown on FIG. IV-4 (13) were obtained at the site near
station N© g of the ELF-MT survey shown on FIG, IV-3 (3).

The existence of ground water 1s not evident in the
data; however, from a small deflection of the curve at a
depth from 10 to 20m, ground water is inferred to exist at a
depth of more than 20m at this site, The target depth of the
boring should be 30 to 50m in the valley.

Although FIG. IV-4 (14) indicates favorable ground
water conditions with an estimated depth of approximately 7
to 30m, accessibility to the site 1s very poor hindering
transportation of egquipment for boring.

6) Birenga area: (see FIG. IV-3(4) and FIG, IV=-4(16))

FIG., IV-3 (Y4) shows the results of the ELF-MT survey

carried out in the Birenga area. As this area consists
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mainly of dominant quartzite steeply ineclined to the west,
the resistivity values shown on FIG, IV-3 (4) are very high,

and an anomalous area was not found,

FIG, IV-4 (16) shows the results of the electrieal
sounding carried out at the site near station NO 14 of the
ELF-MT survey shown on FIG, IV-3 (%), According to the
results, ground water may exist at a depth of more than 35m
from the ground surface, The target depth of boring at this
site should be from 40 to 80m.

7) Rukira II area: (see FIG. IV-4(15)

FIG. IV-4 (15) shows the results of the electrical
sounding carried out at site NO 3 where test boring (N© 3)
was performed. According to the results, two ground water
aquifers may be expected, one at a depth of less than 22m and
the other below 30-100m. As the wupper aquifer mainly
consists of alluvial sediments with high poresity but poor
permeability, the target depth of boring at this site should

be 50 to 80m in order to reach the lower aquifer,

8) Rusumo_area: (see FIG. IV~-3(5) and FIG, IV-4(17)-(18))

FIG., IV-3 (5) shows the results of the ELF-MT survey carried
out in the Rusumo area, It is obvious from FIG, IV~-3 (5)
that the anomalous area of resistivity stretches aleong a

valley, especially at sites N© 10, 11 and 1%,

The electriec sounding data shown on FIG. IV=4 (17) and
FIG, IV-4 (18) were obtained at station N? 11 and N© 1 of the
ELF-MT survey, respectively. According to FIG. IV-4 (17},
(18) the depth of the aquifers are estimated at approximately
10 to 30m and below 140m., The depth of the deeper aguifer is
beyond the capacity of a manual pump. Hence, the target
depth of the boring should be 40 to 50m in the valley,

9) Muhazi area: (see FIG. IV-3(6) and FIG, IV-U(19)~-(21))
FIG, IV-3 (6) shows the results of the ELF-MT survey

carried out in the Muhazl area., As this area mainly consists

of grahitic rocks, the resistivity wvalues measured are very
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high 1in general, Electric soundings were carried out at
sites near stations N© 10 and N© 32 of the ELF-MI survey, at
which relatively low resistivities (less than 1,000 ohm.m)

were measured.

FIG. IV-U4(19) shows the results of electric sounding
carried out at the site near N© 32, A significant low
resistivity zone is designhated from approximately 10 to 65m.
Thls zone is likely attributable tec a weathered zone on top
of fresh granltic rocks. The target depth of the boring
should be 70 to 80m.

10) Mugesera area: (see Fig, IV-3(T) and FIG., IV-4(22)-(23)

Fig.IV-3(7) shows the results of +the ELF-MT survey
carried out in the northeastern area of the Mugesera Commune.
It is obvious from the results that the low resistivity zones
are distributed over the mountain or hillside, Hence, wells
which will be exploited in future should be located in or
near valleys,

FIG, IV-U4 (22)-(23) show the results of the electric
soundings carried out in the western part of the Mugesera
Commune,  According to FIG. IV-4 (22), there are two low
resistivity zones, one at a depth from 3 to 15m and the other
deeper than 70m, The former may be attributable to a
weathered zone on top of fresh granitic rocks, whereas the

latter may be caused by ground water,

The target depth of the boring which will be ocarried
out at this site should be more than TOm up to a maximum
depth of 100m, Other data shown on FIG, IV-4 (23) revealed
that a weathered zone may exist from 13 to 20m from the

ground surface; however, no ground water can be expected in
the viecinity of site N@ 1.

Tentative hydrogeological conditions of the aquifers at

each test boring site are summarized in TABLE IV-5.
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(3) Test Borin
1) Selection of Boring Sites

Seven test boring sites were selected 1In areas
repregentative of each type of well based on the well
olasaification map (FIG. IV-~1) which was formulated from the
results of water quality, hydrology, electrical prospecting
and ofther surveys. Location of each site is shown 1In
FIG. IV-2 while site features 4including geology, hydrology
and topography are summarized in TABLE IV-5,

2) Boring Resulta

Test boring results are summarized in TABLE IV-6 and
FIG. IV-6 (1)~(7). Of the five test wells, water yield was
particularly abundant in No.,1 Kayonza distriet and No.5 in
Kigarama district, and installation of electric pumps for

lifting is considered the optimum method for future well use.

Aquifer depth is 30-52m and as the possibility of
obtaining a good aquifer increases with depth, proposed well
depth is from 50-80m (average 60m). Total number of days
required for boring is estimated as follows on the basis of

test boring results.

Work Item No, of Days Required
Tranaportation 2
Temporary facilities 2
Drilling (40m) 5
Logging and strainer setting i
Cleaning 2 (minimum)
Well test 1
Removal 2
Total 15

The above estimation assumes use of a rotary type
drilling machine as well as good access conditions, Ample
time should be allotted for cleaning operations in the case
of well drilling as insufficient cleaning will affect water
yleld from the well. The above figures represent the minimum
time required for cleaning and it 1s preferrable that even
more time be allocated for the same in the overall work
schedule,
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3) Well Test

A well test was conducted for the two well sites
(Kayonza No,1 and Kigarama No,5) which had particularly high
yield and where use of electric pumps 1s considered viable.
Two test methods were employed; Jaccb's Method in which water
is lifted econtinuously until a stable water level is reached
for a fixed quantity of water and variations in water level
are nmeasured; and the Recovery Method in which recovery of
the water level 1in the well after 1lifing has ceased is

measured. Data from the above procedures are summarized in
TABLE IV-7 (1)-(4) while results of analysis are presented
hereunder. Symbols wused in ecalculation are defined as
followsa:

Q: 1ift volume (m3/sec)

r: well radius (m)

T: transmissivity coefficient (m2/h)

K: permeability coefficient (m/h)

S; storage coefficient

L] ohservation period

tre time passed after lifting stopped (sec)
to: standard time from working drawing (sec)
st drop in water level (m)

a) Kayonza District (No.1)

Jacoh's Method

Q= 9.1m3/h = 2.53 x 103 (m3/sec)
8 = 1.80“]




2)

. 2.3Q
L AS

. 2:3x2.53 %1073 _ 5 v o 104 (n3/sec)
b x 3,14 x 1.8

g . 2+25 T to

=
K

re
2 2.25 x 2.57 x 1004 x 1.6 _ 2
= 0.01 = 9,26 x 10
-y
K=t 22T X107 5 4y x 10-5 (m/sec}
Ah

Recovery Method

T = 0.189 Q. log 4
S tt
-3
- 0.189 x 2.53 x 10 % 1.217
1.U7

3.96 x 104 (m2/seq)

]

=1
K= T = 3.96 x 10 = 7.92 x 10~ (m/sec)
Ah 5.0

{m)
2_

log t'ft

The permeability c¢oefficients obtained by both the
Jacob and Recovery methods were of almost the same order,
The permeability coefficient is equal to that of silty
sand or well Jointed metamorphic rocks designating lower

permeability in comparison with the gravel layers,

The storage coefficient obtained was substantially
larger than the value for confined aquifers (0.005-
0.00005), corresponding to the wvalue of unconfined
aquifers (0.05-0.4). Accordingly the possibility of an
unconfined aquifer occurring at this well is high.
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b) Kigarama District (No.5)

Jacob's Method

L1+
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2 4

Recovery Method

Q = 6.9m3/h = 1.92 x 10~3m3/sec

T = 0.129 Q' log £

!

o 0.189 x 1,92 x 1073 . 0

0.04
4,07 x 10~3 (m2/sec)

K = —
h

= 4.07 x 10~3 = 8,14 x 10-% (m/s)

5

log t'/t

The wvalues of the permeability coefficients obtained
are of the same order as those for sandstone or well
Jointed metamorphic rock, and are smaller than the value
for Ehe gravel iayer. As in the case of Kayabonza No.1
site, the value of the storage coefficlent is

representative of an unconfined aquifer.
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4.6 Quality of Water

Rural inhabitants usually settle in elevated areas such as the top
or side of hills, and almost none of the settlements have latrines or a
system for collection and treatment of sewage. Under such conditions,
waste water flows to the lower elevations and valley bottoms with

insufficient time for natural purification,

Existing water sources for the rural population consist of streams,
stagnant water and springs located in the valley. Hence, these sources
are becoming increasingly contaminated due to lack of protection from
waste materials,

Results of water quality tests on ground water obtained through
test boring and on water from rivers, marshes and springs in the area are
presented in TABLE IV-6, As the said table indicates, the quality of
water obtained from the newly drilled wells is good and water can be drunk
directly from the same without treatment. In contrast, water from rivers
and marshes which is presently being used by the local inhabitants is
contaminated by colon baeili and dther bacteria as well as polluted by

organic material, eta,

Although this water is unsafe for human consumption, no alternative
water source other than natural springs has been available., Installment

of wells for provision of safe water supply is therefore extremely urgent,

For quality control of drinking water in urban areas, the latest
WHO's standard is applied; in the.rural area however, quality control has
yet to be established. As a first step for rural water quality control,
occasional bacterial tests and simple disinfection should be started by
the authorities, while domestic use of untreated surface water should be
gradually prohibited. Water quality of samples taken from new test wells
is satisfactory. Analytical data is separately attached.

4.7 Classification of Water Supply Districts

4,7.1 Size of Water Supply Distriect

As mentioned previously, the population of the project area is
thinly scattered, This settlement pattern makes provision of a

centralized pipe water system very uneconomical.
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When point sources are used in a water supply system, the physical
area of individual water supply districts 1s restricted. Rural
populations often do not make use of improved water sources if the
location of the same is too far. They prefer to use nearby sources, even
if they are seriously contaminated, Therefore, as mentioned in 4.2.3, the
development of new point sources for safe water supply should also take
into consideration ease of access; otherwise improvements will have no

practical significance in the rural area,

Considering the above, the Cellule was selected as the most
sultable unit water supply distriect for the projeet, depending on the
point source. Since the Cellule is not an administrative unit, its area
can not be identified exactly on the map of the Commune. The location of
Cellules is indicated without boundaries on the administrative map (scale
/25,000),

As Cellule boundaries do not exist, further investigation will be
required in the projeet implementation stage to determine water supply
digtricts on a Cellule basis, For the time being, although the location
and the area of Cellules are not clear, the water supply districts are
identified on the basis of reliable population data and the hypothetiecal
territory of Cellules bounded by streams and valleys. The hypothetical
territory of each Cellule is estimated to be 3-Ukm, which is supported by
the following estimation derived from statistical data.

The area of each water supply district was obtained from the
hypothetical Cellule area: approximately U4km2 - total usable land of
Kibungo Prefecture divided by the number of Cellules.

A : Total usable land of Kibungo Prefecture: 2,666,6kn2,
B : Total number of Cellules: 69%4
A + B = 4km2/Cellule

Assuming that the shape of the water supply district is rectangular
or c¢ircular, the longest side would be about 2km, When a well 1is
installed at the center, the maximum distance for transporting water from
the well to the houses in the Cellule is 1km.
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4,7.2 Water Supply Districts by Wells

At first, a full allocatlon of the water supply districts
throughout the project area was prepared, attempting to cover the area as
comprehensively as possible but considering actual distribution of ground
water resources. The total number thus obtained amounts to 625 districts

{ideal allocation).

These districts were then reviewed to eliminate districts which

might require an excessive development cost including the following:

a) Districts which require construction of long access
roads for well installation.

b) Districts where Inexpensive manual pumps can not bhe
applied due to the depth of the aquifer.

c) Districts with granite bedrock where probability of
striking water by drilling is low.

In consideration of the above, a total of 168 districts were
finally selected as feasible.

4.7.3 Water Supply Districts by Rainfall Storage Units

As described in 4.1.4, to solve temporarily shortages of domestic
water supply in the districts where development of ground water is not
feasible, 136 rainwater storage units have been allocated for 136
districts in the project area in addition to 489 well districts,

The rain water storage unit requires a relatively wide water
catching surface. It is a common practice to utilize the roofs of
buildings for the catching surface which greatly reduces conatruction
cost.. However, in the case of Kibungo Prefecture, only a few existing
buildings sultable for utlization are available, Therefore, 12 hospitals
and dispensaries were selected for utilization and 12 rainfall storage

units are planned to be installed,

4.7.4 Summary of the Working Plan for Water Supply Distriects

A summary of the water supply districts in each Commune is shown in
TABLE IV-7 (ideal plan and working plan) and essential detailed data for
each water supply distriot (186) are shown in TABLE IV-8 and IV-9, The
districté are classified in 12 regicnal zones the locations of which are
ghown in FIG,. .
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4.7.5 Served Population and Served Area

The estimated, population in Kibungo prefecture in 1984 is 382,915,
Only 5%, less than 20,000 people, has access to the safe water supply
system in Kibungo ecity and Ruwamagana c¢ity. Another 45.5% about 170,00
people 1s to be served by protected springs which were developed by AILDR,
Therefore, the remaining 49.5% or 190,000 people must rely on contaminated

surface water.

This population is therefore the target of the new supply system
planned under the project. According te calculations based on the working
plans of the water districts described in 4,7.2, 3, 4, the population and

area to be served under the plan are as follows:

Served population: 67,600 (about 18% of the total)
Served area: about 750km2 (about 30% of total)

Under this new allocation of water supply districts, 35% of the
population which presently lacks access to safe water supply will be

provided with reasonable access to safe water supply from the wells,

4.8 Number and Type of Water Supply Facilities

The type of water supply facility adaptable for an individual water
supply districet was decided by the following method,

Water demand and available discharges for the existing springs in
each Cellule are first estimated and compared. If the water demand is
greater than the available discharges from the existing springs, the
number of water supply facllitles is calculated at the next step. The
number of pumps required is obtained from the net water demand divided by

the pump capaclty of 10 m3/day (No. of pumps = pet demand ).
capacity

The number of wells required is determined from the number of pumps
required. One well can be equipped with one pump. If the water demand is
less than the available discharge from the springs, at least one well with
a pump will be allocated in each Cellule to ensure ease of access
regardless of the existing spring's capacity. The location of the well is

determined at the shortest walking distance from users,

In some districts, ground water development is complicated by

hydrogeological and geophysical factors. Those districts are excluded
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from the objective area for well drilling but as an alternative, temporary
solution, 12 districts with hospitals and dispensaries will be provided
with rainfall storage units designed to supply the minimum amount of

drinking water.

4.9 Standard Design of Facilities

4.9.1 Tube Well

The diameter of the manual pump to be installed in the well is 70mm
for shallow wells and gdmm for deep wells. The basic requirements to be

satisfied by the wells are as follows:

Yield more than 1,000{/hour
Water Quality not specified
(1) Casing
1 Temporary Surface-casing

During the drilling work of the well, a temporary
surface casing is inserted to be removed from the hole on
completion of drilling. Concurrent with removal of the
temporary casing, the annular space around the permanent pump

chamber-casing is filled with grout seal,

2) Pump Chamber-casing (pump housing)

The pump chamber-casing 13 an essential part of the
well, furnishing a direct connection between ground surface
and aquifer, sealing out undesirable shallow ground water,
and supporting the side of the hole,

Polyvinyl chloride (PVC) was chosen among various kinds
of pipe material, because of such advantages as 1its light
weight, ease of installation, excellent corrosion resistance,

availability in the local market and moderate price,

The recommended pump c¢hamber-casing diameter 1is a
minimum of 150mm (6in.). FIG, IV~7 and FIG, IV-8 shows the
typical design of the well and the typical design of the pump

platform, respectively.
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The length of +the pump chamber-casing is to be
determined by estimating projected pumping levels, static
water level and probable drawdown caused by pumping., The top
of the pump chamber-casing should be set at least 300mm (12
in) above the proposed top elevation of the pump foundation.
Any excess at the top may be cut off when the permanent pump
is installed., The pump chamber~casing should be grouted with
cement mortar; this should be done Jjust when the temporary

surface casing is withdrawn,

3) Screen Assembly

The most important characteristics of a sereen are slot
size and amount of open area to stabilize sides of the hole
and keep sand out of the well. These are determined from
mechanical analyses of the formation samplea and electric
well logging after drilling, The screen assembly conaists of
the screen proper (perforated PVC pipe} and bottom seals,
Slot opening ranges from about 0.25mm (0,010 in.) for large
slots. Below the bottom of the lowsst screened section, a
bottom seal will be installed,

4.9.2 Manual Pump

A reliable manual pump which is specially designed for countries
where water is scarce and located deep underground is required to meet
VLOM (Village Level Operation and Maintenance). 1In a selecpion of the

type of pump, the following essential features should be considered.

(1) Joint Pump Operation

In the project area, women and children draw water together.
Therefore the pump should have a sultable lever or device which 1is

operable by two people joining hands.

(2} Maximum Simplieity for Operation and Maintenance

Maximum simplicity of the well mechanism is required to
eliminate elaborate maintenance. The wearing parts should be

located above ground for easy replacement,
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