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S. PLANNING POLICIES AND ASSUMPTIONS

5.1 PLANNING POLICIES
.11 Basic Concept

The basic concept adopted in this Study for the development of a water supply and sewerage
master plan is shown below.

; ntroduce Appropriate Wat
Supply/Sewerage
Technologies

Some for all Rather Than
More for Some

TARGET :
Sustainable Water Supply and
Sewerage Services

——— o
Seck Earlier Benafits of A {Strengthening of Institutionalf
Rehabilitation/Expansion / Management Capacity

51.2 Logistics and Phasing

Phasing the construction of a project is desirable for many reasons.  Investments can kecp pace
with demand, local construction capacity can be maximised, and risk associated with
uncertainties in future projections can be minimised by rescheduling construction cither forward
and backward,

It is recommended that Master plan be implemented in two phases. It should comprise
components for medium-term improvements and for long-term improvements. Medium-term
improvements will be included in Phasc 1. Target year for Phase [ of the project will be the year
2005 considering the following:
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»  variation of demand and available water sources for medium-term impravements
s timg required for design and construction
»  investment efficiency

» time required for strengthening of organisation

To cope with the urgent need of potable water, rehabilitationfaugmentation of the existing works
should be included in Phasc 1.

Phasing of the water supply scrvice area will not be considered in order to deliver safc water to as
much population as possible. However, it is not desirable 1o lay alt distribution mains at one
time due to the time required for construction and considering investment efficiency. Under these
conditions, communal taps, along with individual house connections, will be provided over an
cxpanded scrvice area to deliver water to as much population as possible.

Implementation of the Master Plan will requirc a series of institutional and management
improvements. It is clear that the residents in Kisumu will not be able to enjoy the benefit of
improved services without a major breakthrough in this area.

5.2 LAND USE AND MUNICIPAL POPULATION

5.2.1 Land Use

HCA Study Team in consultation with the Kisumu Municipal Council reviewed the “Kisumu
Structure Plan $983-2013" and made modifications to the land use envisaged by the plan, with a
view to reflecting the latest conditions. The modified tand use plan for the year 2015 is shown in
Figure 5-1.  Major modifications made to the plan are as follows:

s  QOjola and Korando Sub-locations are categorised as agricultural areas instead of residential
area as envisaged in the plan.

¢ Arcas in Kasute and Nyalunya Sub-locations which are envisaged as agricultural areas in
the plan will be developed as residential arcas.

«  Existing slum arcas on the eastern fringe of the town will further develop towards the cast.

PED
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Table 5-1 presents the extents of arcas allocated for each fand use category after the

modifications.
‘Fable 5-1 Summary of Land Use in 2015
land Use Residential | Agriceliural | Industnial | Commercia Airport Hilly Land Wetland Total
Category 1 and Open
Land
Area(im) | 73 1640 91 5.1 32 180 233 2965

Apart from the land use, the JICA Study Team in collaboration with the KMC classified each of
the 25 Sub-locations which comprise the municipal area into one of the following three arca
categories.

»  Urban Areas: old town area which constitutes the core of the Kisumu municipatity

o Peri-urban Areas: arcas around the periphery of the Urban Areas, where a high population
growth is expected in the future.

¢ Rural Areas: outside Urban and Peri-urban areas where the future population growth is
expected to be stow or even negative

522  Municipal Population

The municipal population in Kisurmu was projected up to the year 2015, taking the past trend of
the population growth in each Sub-location into consideration. Three poputation databases,
each compiled from the 1969, 1979 and 1989 census were analysed and the future poputation
growth rates were estimated for gach Sub-location. Where necessary, adjustments were made to

the projected growth rates, taking, among others, the following into account:

s  Kisumu Water Supply ard Sanitation Study

¢  Kisumu Structure Plan 1983-2013

¢  National Water Master Plan

¢+ Classification of Sub-locations into Urban, Peri-urban and Rural areas
¢ Sub-location-wise population densities

*  Government policics on population
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Tables 5-2 and 5-3 present the final estimates of the growth rates and populations for cach Sub-
location up to the ycar 2015, It was cstimated in this cxcrcise that the total mwnicipal
population in 1997 was 363,157, and that it will increase to 526,195 by 2005 and to 869,166 by
2015, the target year of this Master Plan at an overall average annual population growth rate of
4.77 % between 1989 and 2035, The projected populations and their distribution over the
municipal arca are graphically presented in Figures 5-2 and 5-3.



Table 5-2  Past Trend of Population Growth
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1969 1679 1939 Estimated

Poputation Population population

SUBLOCATION | Category | CENSUS |growth rate}] CENSUS |growth rate] CENSUS | growth rata

population % poputation % population %
1 |Kibuye Urban 30,074 1.34
2 |Mitimani Urban 32,431 2147 40,183 1.34 15,856 1.34
3 |Nyatenda B |Peri-urban 17,276 4.66
4 iNyalenda A |Peri-urban 12,046 6.11 21,788 5.83 21,169 466
5 |Manyatta A |Peri-urban 37,913 5.80
6 |Manyatta B {Peri-urban 7,042 1122 23,008 8.52 14,225 6.80
7 |Chiga Rural 6,680 -1.78 5,582 1.64 6,571 1.64
8 |Mayenya Rural 4,168 4,78
9 |Buoye Rusal 3,949 2.56 5,084 4.78 3,942 4.78
10 |Nyalunya Rural 4,070 0.21 4,155 6.30 7,656 6.30
1% |Kasule Rural 3,049 0.89 4,317 1.94 5,230 228
12 |Kadero Rural 2,951 -1.06
13 |Ckok Rura! 2,718 -1.06
14 | Got NyabonddRural 3,393 4.75 5,387 -6.60 2,726 -6.60
15 jWathorego  |Peri-urban 71676 1.38 8,800 1.68 4,951 200
16 |Konya Rural 2,637 5.03 4,309 5.04 7,045 5.03
17 {Bar Ruratl - - 6,075 2.00
18 |Nyahera Rural - - 777 2.00
19 |Korando Peri-urban 7,934 -1.65 6,708 7.15 13,382 5.00
20 |Dago Peri-urban 1,677 492 271 276 3,568 274
21 {Mkendwa Rural 317 3.00 426 3.33 591 332
22 |Kogony Peri-urban 3,913 583 6,887 4.66 10,879 6.00
23 |Kanyakwar |Urban 5,014 361 7,147 919 17,215 7.35
24 |Ojolla Rural 3,274 2.10 4,031 262 5221 261
25 |Kanyagwegi {Rura 5711 217 7,505 2.78 9,873 2.78
Total population 112,613 345} 158,053 5066| 268923

5-6




JICA STUDY ON IKISOMU WATER SUFPLY AND SEWERAGE SYSTEM

00L 698 66620 6B+ 925 898Si¥  LSL'EC  €T6'8ST €30

L¥L0Z 09s'LL 016l 6vEEl 662'Z1 £18'6 8.2 [esny iBombeAuey sz
192'¢8 12407 ££9'ZL 6e'e 658'9 122’5 192 jeiny BIOIO  $2
005'65 68095 S¥9'LY 058'9¢ 09¢'0€ SIT'LL sel ueqin JemyeAuey €2
yl'TL vEZ' 9P eZ¥'Ze 080'22 18401 6.8'01 00'9 UeqIN-uag Auoboy 22
08g’L L' 966 or8 89/ 165 Ze'e feny eMPUMNN LT
1814 L12'9 yev's L6L'Y gLY'Yy 865'c PLE jeiny obeg oz
5862 LSE'6F Z5E'vE vZy've 65202 Z8e'sL 00'S uBQIN-Uad opuRloy Gl
£16'ZL 96911 #6601 ¥65'6 10’6 LiL'L 002 [eany BISUEAN Bl
191°0} 60Z2°6 oye's ¥85°L gLl 5L0'9 002 fesny leg [l
6£Z2'6Z LyL'6L LSY'GL g80'ZL  Lev'OL S¥0'L £0's {einy BAUOY 9L
6L6'CY IRA gel'vL 1pE'8 68Y'9 156't 00'2 ueqIn-Uad obaloyiemn St
P14 059 P16 98Z'L 8.5} 92.L'2 09'¢- lesnyg| opuoqeAN 109 i
090'2 gL1'2 262'T R A WY’ 6LL'2 90'L- eny OO €L
1822 6SE'T gev's $29'Z 0LL'Z 56'Z 90'4- [eany osped 2L
€90'0¥L  GL9'LL 80v've 8eL'vL 88.'8 082S 82T uequn-uad JNSEN LI
68% LS 12922 05€02 £66'rlL 8’z 959, 0€'9 [einy _AUNBAN 0L
¥LZ'EL 0L5'0L 12¢'e 885'9 gzL's re'e gL'y ey aAong 6
Se0'vL TS 86.'8 996'9 950'9 8oL’y YR jeiny eluohew ¢
Zg0'0L 8vZ'6 9z5'8 098'L cev'L 146'9 ¥9'L ey eblyD L
008'0LL  ¥SLPLL  PSE'Q0L  $09'E6 $99'c8 AN 08’9 uegqJn-ued eneAuen S
008801  ¥09'86 Z55'6. 05£'€9 652'SS 6ge'8e 99’y uegqin-Uad epus|eAN ¢
01¥'Ze 196'0Z L1961 pSe 8L 8E9'2L 958’ ¥e'L ueqin uBWIW  Z
60S'ZY ziU8e  LITLE rig'pe IR ¥.0'0¢ e ueqsn sAnaid |

%)
(snsuap Aq) | sien uwold4
$102 0102 5002 0002 1661 6861 paewsy | AioBaied uoneso| ans

sa18y Yoo uonendog pawaloag £-5AqeL



JICA STUDTY ON KISUMII WATER SUPPLY AND SEWERAGE SYSTEM

| Figure 5-2
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Year | Population
1969 112,613 |Census
1979 158,063 |[Census
1989 258,923 |Census
1997 363,157
2000 415,868
2005 | 526,195 |Phasel |
2010 672,999
2015 869,166 |Phase ll
THE REPUBLIC OF KENYA THE STUDY TIME -
ON KISUMU WATER SUPPLY
THE MINISTRY OF LOCAL AND SEWERAGE SYSTEM Summary of Projected
KISUMU MUNICIPAL COUNCIL JAPANINTERNATIONAL Popuation
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53 WATER SUPPLY
53.1  Service Area
(1) Municipal Water Supply Area

The municipal water supply is planned to supply areas where population density is higher than
40 persons/ha in 2035, With this definition, the municipal water supply system will cover
virtually alf the sub-ltocations classificd as urban and peri-urban as shown in Figure 5-4. Tt will
also cover part of the adjacent rural sub-tocations, such as Konya, Chiga, Nyalunya, Kadero and
Okok. Each sub-location is categorised into seven land use types: residential, commercial,
industrial, agricultural, wet, hilly and airport areas. It is assumed that wet, hilly and airport
areas will be uninhabited.  Table 5-4 shows the extent of the proposed service area and
coverages by sub-location and by land use category.  As shown in the table, the total extent of
the proposcd service arca is estimated to be 87.7 km’.

Q) Sub-urban Water Supply Area

Sub-urban water supply area is defined as it is basically “the sub-locations which remain outside
the propose service arca of the municipal water supply”. As shown in Table 5-4, following

sub-locations will remain outside the municipal water supply system in the futurc,

e Mayenya

¢ Buoye

¢  Got Nyabondo
« Bar

s  Nyahera

e Dago

o Mkendwa

¢ Ojolla

* Kanyagwegi

s  Korando (in part)
s  Chiga (in part)
¢  Nyalunya (in part)
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Figure 54
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Table 5-4 Propased Service Area of Municipal Water Supply
Sub-location Cate- | Arca Service Area (km2)
gory | (km® | Resi- Com- | Indust- | Agri- | Wet | Bit- | Air- | Tot-
dential mercial tial cullure ty port al
Kibuye Urban 11.5 4.7 1.3 4.1 14 | ILS
Milimanm Urban 5.5 i3 1.7 5.5
Kanyakwar Usban 104 81 04 83
Nyzlenda Peni- 6.3 6.8 6.8
urban
Manyaita Pent- 13 7.3 7.3
urban
Kasule Peri- 17.5 89 0.7 96
urban
Wathorego Peri- 16 7.2 04 16
urban
Korando Peni- 202 10.2 04 1.5 121
% urban
Kogony Pert- 128 72 13 18 1103
urban
Konya Rural i3.3 2.6 02 28
Chiga Rural 245 0.2 0.2 04
Mayenya Rural 11.6 0.0
Buoye Rural 2316 0.0
Nyalunya Rural 174 1.3 13
Kadero Rural 69 33 33
Okok Rural 40 0.7 0.7
Got Rural 4.5 0.0
Nyabondo
Bar Rural 12.1 0.0
Nyzhera Rural 16.7 0.0
Dago Rural 11.0 0.0
Mkendwa Rural 1.1 0.0
Ojolla Rural 17.5 0.0
Kanyagwegi | Rural 327 0.0
TOTAL 396.5 708 4.6 5.1 0.0 00 | 00 | 32 {817
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53.2 Service Population

Future populations who arc cstimated to live within the proposed municipal water supply system
arca is shown on Table 5-5. These populations are ¢stimated from the projected total
populations in cach sub-location shown in Table 5-3 and the coverages by the proposed service
arca shown in Table 5-4.

“Some for All rather than More for Sonie” is the basic policy underlying the JICA Study.

It was therefore assumed in this Study that all the population within the proposed service arca will
be somchow granted an access to the municipal water supply system, even if such an access is an
indirect access through a water kiosk, a communal tap or a water vendor.  In this context, a
broad assumption was made that the number of service population will be ¢gual to the number of

the totat population in the proposcd scrvice area.

Table 5-5 Service Population in Municipal Water Supply System
Category | Sub-Location | 1997 2000 1 2010

Urban Kibuye 33452 34,814 39972

Milimani 17,636] 18,354 20,967
Kanyakwar 30,360 36,850 56,089
Sub-Total g1.448] 90,018 116,828}
Peri-urban  [Nyvalenda 55,259 63,350 08,604
Manyatta 83.6650 93604 114,154}

Kasule 8,788 14,738)
\Wathorcgo 6,489 8,347
Korando 18,230{ 21,982
Kogony 17,7871 22,080

Sub-Total 190,218 224,101

Rural Chiga 252 265
Nyalunya 1,104 1,326
Kadero 1,754 1,699
Okok 743 720
Konya 5,326 6,171

Sub-Total 91791 10,181

Total 280,845] 324,300

5-13
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As a result, it is cstimated that the municipal water supply arca will accommodate a total
population of 414, 530 in 2005, or approximately 79 % of the total municipal population 526,195
in that year, and that the coverage will stightly increase to 80 % in 2015,

833 Water Demand
(1)) Domestic Water Demand

In order to estimate the future domestic water demand, a survey on the existing waler use was
conducted by the Study Team. For this sunvey, the Study Team selected the Milimani area
where supply from the municipal water supply system is currently avaitablc on a continuous basis,
and hence the results of the survey might well represent the potential domestic water demands in

other arcas of the municipal water supply system as well.

"The survey indicated that the level of the existing per-capita water use in Milimani is more or less
compatible to that recommended in the guidelines prepared by the MLRRWD for design of water
supply facilities for various domestic consumption levels. Table 5-6 shows the per-capita
consumption rates reconumended for use by the ministry for different levels of income both i

urban and peri-urban areas.

Table 5-6  Per Capita Consumption Rates by User Category and Area Classification

User Category Urban Area (lcd) Peri-Urban Area {lcd)
Individual House Connections
High-income 200 120
Medium-income 120 60 N
Low- income &0 50
Communal taps 20 15

Source : Design Manual by MLRRWD, 1990,

The results of the survey in Milimani indicated that the level of water consumption through a
house connection varics to a considerable extent depending on the level of income, and that, cven
in the urban area, there is a significant number of people who still do not have a direct access to

the municipal water supply system but depend their domestic water on a communat tap.

JICA Study Team made minor modifications to the MLRRWD guidelines and developed

the future per-capita domestic consumption rates. They are summarized in Table 5-7.

5-14
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Table 5-7 Modified Per Capita Domestic Consumption Rates by Level of
Income and Area Classification (lcd)
User Catepory Urban Arca Peri-urban Area Rural Area
Individoal House Connections:
oo Mighdecome ) 200 1001200
o Medivmineome | 120 4 60 N .60
Low- income 6O 30 50
Communal taps:
o Highlacome f 20 ) B0
. Medivmlncome | 20 020 LA
Low Income 20 20 15

Source : JICA Study Team

The vear 2005 and 2015 service populations esiimated for ¢ach Sub-location shown in Table 5-5
were then distributed into onc of the three income level groups, i.c. high, medivm and low, taking
the current situations of the Sub-locations and the future land use envisaged by the Kisumu
Structure Plan into account.  The numbers of papulation distributed into cach income group and

service level are shown in Tables 5-8 and 5-9 for the years 2005 and 2015 respecticly.

As can be scen in Table 5-8, it is cstimated that in 2005 approximately 70 % (289,728) of the
total population (414,351} in the municipal water supply arca will be supplied through an
individual house conncctlion with an average consumplion rate ranging from 50 to 200 led while
the remaining 30 % through a communal tap with an average consumption rate of 15 to 20 lcd.
The ratio of individual house connection supply is estimated to be 92 % in urban areas and 63 %

in peri-urban and rural arcas in 2005,

Table 5-9 mdicates that the ratio of individual house connection will increase from 70 % tn 2005

to 77 % in 2013, comprising 100 % in urban areas and 72 % in peri-urban and rural areas.

The domestic water demand for cach Sub-location in the years 2005 and 2015 were then
calculated as the products of the numbers of population shown in Tables 5-8 And 5-9 and the
per-capita domestic consumplion rates shown in Table 5-7. Tables 5-10 and 5-11 presents the
domestic water demands estimated for the years 2005 and 2015, The total domestic water
demands in the municipal water supply arca is estimated to be 24,873 m3/day in 2003 and 41,952
m3/day in 2045,



HCA STUDY ON MGSUMU WATER SUPPLY AND SEWERAGE SYSTEM

5-16

808"+Z1 87L"68T
701°911 90,8 656'€61 69L'56 €S 1v [e10]
PLP6  [L€961  STL'T 90.'S LI1'98  |SPS'SL  [PST'6T  ISS'EF  (SPUPE  (E66°LI
6rL¢ | LLL 169 0 sop's. | 8QU'E 1651 0 [0 10 8977 10101-G7S]
01T 00§ 7t 0 161°C (8661 ISt 0 0 10 888'L BAUOY |
602 <y T 0 061 leL1 1$9 0 0 0 £89 AONQ!
6% 1201 16 0 Ly |80t 1761 0 10 0 0191 0I5pTY |
0s% il 01 G 00¢ 95k 0L1 0 |0 G 008'l TAUN[RAN|
83 §1 T 0 08 £ L7 0 10 10 L8T T3ny)| ety
£66°06 109881 9§59 0 leries  {oprss A SZI8C |0 10 19 - |osL iz [0101-G7ig|
8066  1PS0'T (081 0 9006  IpiZ'8 790 10 0 0 $TH'TE AUOZOY |
Lre 18561 ITLI 0 8858 8L 076'C 0 0 10 L16°0€ OpueI0y |
SIS 1668 184 0 9Z6'¢ 18¢°¢ $EE'T 0 0 10 SET'HI 0S2I0WEA |
vISOl  16L1T  [16] 0 8556 |LILS 0§T'¢ 0 0 0 60t vE STy |
L6YTE  19€L9  (16¢ 0 Ers'6T  |Ev6°9Z7  ISE00L 10 0 0 $SE901 TReAURI
80S'vT  R€0°S  iTvr 0 860°7¢ |£61°07  I€ISL 0 10 10 755°6L TPUS[EAN | UBQIT-LId
0 0 o 90,8 |0 10 .0 1€C°Er - (SPTEE 56641 |ELp'rOI N moigng
0 0 0 0L6'E 0 10 10 TSE'HT  [R19°ST  [90T'8 Sro'LYy TeA[EATEY
0 0 0 $€9°1 0 10 10 vLU'S  0EF'9 RLEE L19%1 TR [N
0 ‘0 10 101°¢ 0 0 0 SO$TST  1461'TL  160¥°9 11Z°LE aAnqry| weqi)
PO ST | POIOZ | PAOZ | POIOT | POLOS | PRIO9 | PAIOTL | POIO9 | PO 0Z1 | PP1O0Z
MO | umIPW | YIIig Yo MO | umpOp | YIIY MO | wiIpAy | YSiH
eIy ¥ Ueqip-ed weqa), [eIny » Ueqn-lidg uBqJ()
de] Eunwuo) UOIAUU0Y) ISNGY
[2A27] 21AX3S 1ad uonnqLysi( ®0L
pPaA1dg uonemdo] uoneIo[-qng

SOOT W PAY] 92WAIIG 134 KONR[NAS] DAL JO UONNLISI(Y

8-53[qeL



HCA STUDY ON KiSUMU WATER SUPPLY AND SEWERAGE SYSTEM

0pS'8St 880'7€S
0¥5'8ST 0 699°L0OY sIP'PTT £79°069 relo,

WUEIT (8675 10 0 798691 |98T'ISL (12995 |60T79 9TE'LE  |v88'+T  |8T9069

0ZLC . 188l |0 0 6LS'S | IS6C - 098] 0 T 0 | 868! 10101-978

LLS'T 1£0°1 0 0 §98°¢ AR 8871 0 0 0 $88°CI TAUOY |

€21 6% 0 0 81 961 19 0 0 0 v19 XOXO

687 911 10 0 yED |€9% ¢pl 0 0 | aa 013pEY

£99 1$9T 0 0 66 [90°t 3 0 0 0 S1€'¢ TAUN[RAN

89 LT 10 0 101 801 € 0 0 0 8¢ e3Y) | [eany
228601 1OISEE 10 0 . [E8zrol ISECLT [ T9LFS |0 ] 10 [I9Les || 1morgng

6vsyl 1078 10 0 vZ817  |6LTET  |SLTL 0 0 0 LyL'TL Auo3oy

960'€l €TSS | 0 €861 106807  [8TS9 0 0 0 787°¢9 OpueIoy!

y8L°8  IPISE |0 0 SLUCL  [pSOvl  T6E'T 0 0 10 616°<t OB2I0MEM !

€10°8C  1S0T'IT [0 0 6107 |0Z8FY  [900'FT |0 0 10 £90°0%1 spnsey’

09€'€T  IprE€6 10 0 0p0'SE  [9L€7LE 08911 |0 0 0 008°911 THRAUEIN

09,717 'vOL'8 1D 0 0p9'TE 918'pE  1088°0T 0 0 0 008°801 EPUSEAN| URqIn-1Iag
o 10 0 0 0 o o 60779 ~l9rELE | #83¥T |6IE¥TI || - [or01-gng)

0 0 0 0 0 0 0 0SL67  10S8'Lt 100611  [008'6S || yemopeauey|

0 0 0 0 0 0 0 SOZTT  (€TL9  IT8FF  {OIVIT rEUn{{UN |

0 0 10 0 0 0 10 $SZ 17 lESLTL 1T0ST8 605°Z 2Anqry| ueqs[}

POLST | PAIOZ | POLOZ | PAIOZ | POIOS | PRIO9 | POTOZL | POt | POLOTI i PAI00T
mo] | umpdy i YEH 4ty MOT | wnpdpy | YSTH MO | WP | YSIH
[eany 2 uBqa)-Lad ueqa] [eJny P URQIN-LIdJ ueq)
de ] [Bunimo’) HOIIUU0Y) ISNOH
[PAY7] 391AX9G 1od UOUNQLIISIY [F10},

paAsag uonendoy

UOBEIO-qIS

STOT UI [9A97) 9DIALIS 134 U0LE[RAO IIMAIDS JO UONNLIISI(Y

6-5 2198 L

5-17



NCA STUDY ON KISUME WATER SUPPLY AND SEWERAGE SYSTEM

Z50°G5 F66R Ly 10Z0LL 1089'C 1Qeg'E 9LRYE 12l IE6E igL69  gzem gLl o)L
7Ov'e 16a%'L {90t gL 26 698G - - (9% 19t OLL 1961 1661 [9303-qng.
169 [ aad & - 19t 1£6 98 - 9% 1 gL Q2L 68 WAUDY |
0% g8t L L ‘£ 1 ]} O i2 HONO
21 {6 Ll 0L L k4 2t i IER Cdopul
86871 ERZE] L6t Lhb E 2 e L2 0z ehunie AN,
0iz £CeL ZZ) i I W Iy v [ v sy
SOV 62 [9g68L |Vilg LGt 8Lzl ILLE l9gi'y 1925y CIE® [Bi03-9n3
690y 56097 (2014 L6 L 6EL iy I 106¥ TEBY 1L9E AucZey
2C Y 0orse (90Tl 281 gEl 168 0 [63r oLy loce OpuBIOY
A BE6L Pl &8 19 By i0 1961 cig |08 GAIBUIEM,
LL9% OESET  [48L. 97 %02 8l v 0 giy 1825 1052 oSy
67e's Uiig9  (¥eot -0 1829 195Y 5E1 | TR sne AU
£E6'9 600CY |Li8 0 oLy [ L+ 11Ok 10 GO L 6021 1206 wpuReAN| UBqN-Lidg
TILEE OveL L0680l 10L6G  10%8% 1086 0 vt 3197 160LF 1665 [B101-gn3 |
Sre Ll gaLe L iveve - {0 98L°L 1969 0 6L 6Ll D dumueAuey.
X £0Be ¢ {0L0L 0 'geL 118 0 £2 L06Y [2LL 19¢5 e LN
SEELL gegl'tl [ogv's - 1016'G LE) [GpG 0 2% 1086 oL 7821 SAnqIY | UG}

Aepsgw Repsow §E fap/ow ¢+ Aep/gw | ARp/gw Fapsgu ;| ARp/ow | Aepsgul | Aepsgwl o Aep/ow Rep/gur | AUp o

L W mo7 | wips | B | T | mon | wmpew | W
o I . . [9any % UPQIN-tad | _usgan |
pURTWIS] 01=qng | [puIsnpu] |[ErJAWWOY reUORNIASY| WSOy 4310 i WOIDPUUOY) SSA0H
AINWIXE Ay @30 PUBWIS JNBM, DN SWOP-UON BRI : pURie JeTp osewoq - - .o
e puBwag adedeAy AR() uonRELA-4gNG
- o~ =t - = - _ - ZvLv6  |LOOBL  EEL L (DOL8__ [BG96ZL (BELZLL 'LLTLV | LESYLY {930
- = L - L= 1 - : - 6YLE Lt 69 1@ 180¥'E |B0L'E 6l L 1892 4L [BI0)-qng

[S1 162 102 - 05 09 02l qir's 006 vy 19 Ele 186l lGve 1886°L AUy

Gl i0G |02 = 08 [of] el 60¢ 34 b 0 1061 BLL c9 [£89 oM

S1 102 102 P - s 09 ozl i6y 1201 6 0 Loy |80% oGH 1019t Gaapay|

Sl 102 107 P = 0% {09 0zl 0¢s s -0l 0 1006 195Y 1001 1008'L v AUnEAN

Gl 102 02 o~ 0% 108 0z 28 81 2 0 0% 1eL 12 L3 ) fedny
- |~ - P- L= - ! - £6606 10998l vGo'L 0 161Lc8  OpyGL 167184 |DBLL6C [#3-4hs

Sl 0Z 08 L= 10§ i09 074 5066 |¥S0°C 081 10 19006 viz5 _ [Z90'% £2Y'eE Auga oy

[ [+ 0 | = 109 0zl L¥y'8 8861 T 18858 |CE8L 0z6'¢ {1608 opueso)y

Sl 0z .02 - 10§ 09 0z} 6LEY c68 3L 10 1926 11BSE Set'| SeLPL AFBIOUIEM,

Sl oz 102 i - oS 109 074 wlGOL  16LL¢ 161 ] 656 ‘L1L8 052% 6Oy I Sinseyl

gl 0z 02 - 106 0§ aL |lZeveEseLg |1eS 0 TEwC6z  [oP592_ [Gr00L 986901y eueiush]

q! 102 102 I~ 10§ 09 0zl g0C¥e  i850°C Zrtr 0 AN AT 255 6L GPUSIBAN]| uBgin-uog
- = | = = k= - - 0 10 i0 0.8 LeCEr  IGvere  1eesLl  iBLY¥OL 19301-Gns |
- - & 09 L 002 0 0 0 BL6T  2om6F  IBIOGL 19028 Gv9ib TGAERUEY |
- | = = e 09 0TL 1002 0 [ 0 SE9'L piig  logye 8LEE ILi96L R,

- | - 1 = 02 109 oL 100 0 0 10 lot'e CO5GL  LLBL'ZL  160v'9 [LLg'LE sANgiy | ueg.n
| i | i ! ! !
MO , wWnIpaN _ e uEM Mo wntp@y 7 YAy o | whipow | B 1y Mo WhipoW | WK |
Ay 3 UBgiN-Uad | ueqif jany § Uegin-Log | _uegin | ,
KO JRUM, UONDIUUES) FTMNOH WSO LVIEM ugnIBUUeD aSNoH
(ona] @oiaeg Jod sB woRNGULSI] @A @oAsg 13d 58 UONNQUISI] P30 ]
uondwnsuey vHdes) Jod pPoALs UQIEINGO uoEI-qNg

®

S007 Ut vaxy A[ddng I8N [edDIURTY U SPUBII( JNLAY F1SIWOP-UON PUE IYSNU0(Q 01-5 d1qEeL

5-18



SCASTLOY O QSUMWATER SUFFLY AND SEVRACE SYSTEM

0/6'S0 5224, 0OE'0E 0056L  100e'e 0059 I66°ly  1969's 506 0 12 Igzgzy  liee'st  TLigbs [204
SELY SETE 062 Q0L'T ‘8 (] 56 195 108 10 2 1642 [45€ £ZT (es0-gng
£GL'L 98/ [} 0 ) o) 559 [ e Is) 1] '$6L 6T gst eAucy
) L8 9 0 £ £ LE F4 I 10 0 6 43 ] 40|
62k o2 St o 'z g £L ¥ 12 o 0 44 [ £ oiopey|
196 £ZT0'Z pee L 0z8'L I 8l 691 ak g 0 1) 05 9 [oF BAUNJBAN |
Lt LO€ e 082 4 'z Lt L L 0 0 S 9 ¥ [-) [eJny]
LTS 625 9% 0LS0L 1006y 1604'Z 1082 GL8LZ  |2v9L GL8 0 0 5128 $15'01 zi5e jEogng|
[N (hOZ'G 5957 0Z8's 9% See §69'¢ gLz gLl 0 0 Z60°L 4BE'L €48 Auoboy
SZ68 5809 89427 ootz €ZE Sre 9Leg 961 POL 0 9 1086 £5Z'L €8L OPURIOY
|ZhE6.¢ 189'Z osp 0 ‘21T £ET I 4 el oL 0 1} 1859 e 425 ofeiogen
2261 0256 ST 086 €69 422 Ski's [ol 4] vZT 0 ) LOL'Z 689'¢ 189t sinemy)
Z VeL'2 6L i0 E:74 619 reE6's 05e 28] 0 1] [F=-74 [EaiA 1Z0P'L egeiuey)|
ors's Lre9 PLL'L fs) 8£s 945 LIE'S 92¢ Lk ig 1) Zeo'L 1680' [S0E'L BpUBEAN | Uegqin-lied
60075y eeg'oc _ |00GTLL 0058 00ss 0055, gaL'Es 0 i0 0 0 EELE 162D I 1Ae=gNS |
eas’st LeoL  pocy 0 05¥T ___ wi9'L 1069 0 0 0 0 SgLL_ TelE  OBER Jeayeiuey) |
199'S 966'€ 1Z9'L -0 166 o) SIET 3 0 ‘0 19 ZL9 1702 ‘968 VBN
SRSET. 0oL |S/SeL, 0058 681 1961} 32 0 ) 0 16 ST L i8S SANgNY| ueqin
Aep/ow Aepipwd Reprcws @ Aeprpws Aepicw  Aep/gu AP Reprcw © Aepipw Kep/ew ACP/EW Aep/ow ¢
| i moy_ | wnipeyy_ | ubie 4 Mol
W [Ny 3 Uegir-lied veain m.
puURWA [l el 7 |_LISNPY| ._E_oBEEoO:ucon:Enc_ |=egnsg HSOIM JALTAA MOEIDULIGT SN0
WWew e PUBLUST JAJEAN DLSOWIOR-UGH] pUeLLIBT JBTEAN S0
Aecy puUBWS 0bRIOAY AR Uoneao|-gne
- - _ - t - : - L - - ZpZELlL _ 1gez'sy 10 0 1L/0'7€7  ZISEIE  GOSIE 879069 180 L
- ! - ! - ! - ! - - i - 0ZLE gar'L ) 0 16£5'S, 1156'S 0ug'lL §85 8L 1meang,
Sl 10z oz r - og 09 0z, 1S 5oL 0 0 leon'e R gaz| ve8'T) 2AuoY
gt 10Z 07 i - 105 09 10Z) £2ZL B 10 0 S84 961 ) F2r:) HOHO
S 102 ¥4 : - 05 09 0Z) 682, 1911 ) 0 ey £or 151 L CIBPEY;
Sk 102 74 L. 105 109 0Tk £99 lgaz 0 0 66 11901 128 E=TEX SAUMEAN!
gt 10z oz , - 105 o9 10Tk |gs iz o 0 104 1901 123 lgge iTeY leany
- i - - , - i - _ - L - ZLSG0L OISy O 0 leoetoy_ (GETSLE  119LvS LIPS 1E0IGNg
EH .02 oz - 05 99 16243 GrerL  16ZR'S . UL ) WTALT TR ISITL LLpLEL AuoBoy|
S 10T oz - 0% 09 0ZL OG0'EL _ |SZTS I+ I 159561 065’0z 19259 A ORUTIOY !
SL 174 10T B 0% ) 10Z1 FRLR wLS'E s 0 SLLCE veo'rl___IZESY '6LE'Er 000IOWMEM
[c1 {0 o4 . 10 109 0z T AT 0 610'7¢ __ 10z8'vy  i900PL  €90opL ansey.
5. 107 oz | - 105 ) 10ZL Dgeer  I1ts I} 0 OYOSE_ 14E4E  089LL  loowaLL cReAurpy!
Sk 07 oz ! - 105 109 ozl 0941 'p0L® 0 ) oyeze  igig've  oue'Qr | |008'§0L BpusiEAN | uequn-uog
. W - ! - , - ! - ! - ! - {0 ) 1) 0 G0z ¢S 19Ze i vEaPC___ SLY Wil {=0gns,
- : - ! . 02 109 ezL ooz e 0 0 0 05462 10684k {00GTLL  OOSES JEAEAUE
. i - } - L0z o) 1QZL 1002 1o 19 I 0 S0Z'L4 £24°9 ZBr'Y oy IR
P N BT 4 09 0z ooz i 10 0 0 bSZIZ__Esreh 2068 6097 aAnary uedn
| H 1 i "
MO wWIpdK WBad | uB_ 1 men | wnipepy ﬁ ySiH Mo _ wripow | B y&ip MOT 1 wWhipel ubi v
12Ny P Ueqn-tied O 7 _ [BINY B UGNy ueqny ! !
ASQIM JRAN i UONIOULOT) BSNOK ~ NSO JOIEAA I} UBASOUULCD GEnd |
lean™ a5t Jod S UOgNQLASICY (0497 900G J6d SB UoNNGILSI]) 1 @aey
uondwinsuos) euden oo parlog uonendod Uaneas-ans

S10Z W woxy Ajddng 12w ay APPIMIA OF SPURKIA(J O3B A, JYSIWOP-U0N] puw s} [1-5 4R,

5-19



JICA STUOY ON KISUMUI WATER SUFPLY AND SEWERAGE SYSTEM

(2} Non-demestic Water Demands
Non-domestic water demand conmprises institutional, commercial and industrial water demands,

The future institutional water demand in cach sub-location was projected up to the year 2015 ata

rate almost cquivalent to the future population growth projected for the sub-location.

At present, most of the commercial activities in Kisumu are centered around Milimant and its
surroundings arcas where many banks, supermarkets, hotels and restaurants are located.  The
future growth is expected to continuc towards the north of this central core arca. It is expected
that Manyatta, Kibu};c and Kanyakwar Sub-locations will remain as the center of commercial
activitics in Kisumu.  Although a high population density 1s expecled to take place in Manyatta

and Nyalcnda Sub-locations, no significant commercial growth is forescen in the future.

There has been little expansion in industrial activity in Kisumu in recent years. Currently,
industrial activity is dominated by beverages and agro-processing based on tee, coflec, pyrethrum,
sugercane and colton. At present, most of the major industrics in Kisumu are located in the
Kibuye Sub-location. The Kenyan Brewery Limited is one of thosc industrics and is a large user
of water from the municipal water supply system. It is expected that the future expansion in
industriat activity will be slow and mostly accommodated in the Kibuye Sub-location. A
relatively large growth is expected to take place in the north of the Kasule Sub-focation, however,

as the future land usc plan cnvisages the development of a new industrial estate in this arca.

Tables 5-10 and 5-11 present the non-domestic water demands estimated for cach Sub-focation in
the years 2005 and 2015 respectively.  The same tables also present the total water demands
cstimated for the municipal water supply system. Table 5-12 provides a summary of the
estimated total watcr demands.  The total water demands in the municipal water supply system
are estimated to be 41,893 m3/day in the year 2005 and 72,252 m3/day in 2015.

Table §-12  Total Water Demands in Municipal Water Supply System (im3/day)

Year | Domestic Water Non-domestic Water Demand Total Water
| Demand Institutional | Commercial | Industrial | Sub-fotal Demand

2005 2,860 5,680 8,480

2015 6,500 8,300 15,500
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3 Water Demands for Planning of Water Supply Infrastructure

Tt is envisaged that the leakage in the distribution system will gradually decrease from 30 % in
1997 to 29.2 % in 2005 and 25 % in 2015, and that this reduction will be achieved by the
unaccounted for water reduction programme proposed in Chapter 6 and by excrcising utmost

cautions during construction of pipchines in the forthcoming rehabilitation and expansion works.

It is also cnvisaged that the peak day and peak hour factors in Kisumu will be as low as 1.1 times
and 2.0 times of the average day demand respectively, given the relatively large share of non-
domestic water demand {approximately 40 %) among the total water demand as shown in Table
5-12.

Based on the above assumptions, water demands for planning of water supply
infrastructure are determined as follows:

Day Average Water Demand

Year 2005 : 41,893/0.708 = 59,171 m3/day
= 2,465 m3thour
= 0.685 m3/scc

Year 2015 : 72,252/0.75 = 96,336 m3/day

= 4,014 m3/hour
= 1.115 m3/sec

Day Maximun Waler Demand

Year 2005: 59,171 x 1.1= 65,088 m3/day
= 2,712 m3thour
=0.753 m3/sec

Year 2015: 96,336 x 1.1= 105,970 m3/day
=4 416 m3/hour
= 1.227 m3/sec

Peak Hourly Flow

Year 2005: 59,171 x 2.0= 118,342 m3/day
= 4,931 m3/hour
=1.370 m3/sec
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year 2015: 96,336 x 2.0= 192,672 m3/day
= 4,931 m3/hour
= 1.370 m3/sec

Peak hourly flow will be used for the planning of distribution pumps and pipelines while day
maximum demand will be used for planning of distribution reservoirs and clear watcr
transmission pumps and pipetines.  For the planning of water treatment works, an allowance of
5 % will be added to the day maximum water demand to compensate water losses at the works.
For water intake and raw water transmission facililics, another 3 to 5 % allowance for water

losses will be added to the treatment capacity required.

534  Water Quality

Kenyan standards for drinking water quality is presented in Table 5-13 in comparison with the
WHO guidelincs and Japanese standards. Although several parameters sct in the Kenyan
standards exceed the recommended vatues in the WHO guidelings, it is generally compatible to
other international standards for drinking water quality. A few areas of concern however are as
follows:

s “Total Colonies™ which is generally a good parameter for the assessment of impacts on the
human health is not specified. As it can easily be tested simultancously with “Total

Coliform Bacteria” which is specified, it is recommended that the paramcter be also tested.

e  The standards does not include “Trihatomethanes”. Since Kisumu uses water from the
Lake Victoria which is eutrophic, the chance of formuvlating trihalomethanes during the
water treatment process is relatively high. Thus the inclusion of this paramcter in the

testing is recommended.

e There is no definite limits for “Turbidity” specified in the standards. It says that turbidity
should be preferably one NTU. It is knowa that turbidity is a parameter which well reflects
the effectivencss of water purification process applied, and that the reduction of turbidity
leads to the reduction of other undesirable substances. Although the WHO guidelines
suggest five NTU, it is recommended that turbidity be maintained at less than two NTU, as

is practiced in many countries.

The lack of many water quality testing cquipment and apparatus makes it difficult to immediately

improve the present water quality management system and the water treatment process. It is
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recomniended that all the neeessary water quality testing equipment and apparatus be provided,
manuals be prepared and technical teaining of operators be completed before new facilitics

proposcd in this Study start comnissioning.
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Table 5-13  Comparison of Drinking Water Quality Standards (1/6)
Parameter f Constituent unit WHO JAPAN Kenya
1993 1993 1985
Maximum Desfrable
A | Bacleriological Guality :
Al] £ Colf (or thermotolerant coliform b perro2 mi ND b 0
A2| Total coliform bacteria |perroomt ND | o i 0
A3] Tolal colonies {hetotrophic bacteria)| per 7 mt T R R
8 | Chemical {of health significance) Quality
Morganic constituents
B1]| Antimony 7 _ mgh 0.005 (P) ) o
_B2| Arsenic ‘ mgt | 00i(p) | 0.1 7 005 .
B3 Barum ) om + 07 o 1 (tentative)
B4 Beryltium o ) mgh. NAD . o
85| Boron _ mg/L 0.3 I -
B6{ Cadmium mgh | o803 | oot 0.005
'B7| Chromium o mgit. 005 {P) | .05 thexavalent) 0.05
B8| Copper mgh |  2(P) L
B3| Cyanide ] e 007 | oot 001
810| Flouride | mer 15 0.8 - 1.5
Bi1| Lead mgt | 0.0 0.05 ~ 005
B12| Manganese ~ mgh 0.5 (P) N
Bi3| Mercury (tota) mglL 0.001 0.0005 ‘ 0.001
614| Moiybdenum mot | 007 T i
B15| Nicket | mer | Ton2 1 ] -
B16] Nilrale {as no3-) mgh | 50 |10 (and nitsite) . i0
B17| Nitrite {as no2-) o mg/L 3(P -
Bi8| Selenium mgl | 001 R 001
Bt9f Uranum mgl | NAD | 001 .
AYQ - affects appearance, laste and odour {P) - Provisional guideline
NAD -~ no available data to specify guideline (1} - Tentative standard
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(2/6)

Table 5-13 Comparison of Drinking Water Quality Standards
Parameter / Constituent unit WHO JAPAN Kenya
1993 1993 1985
Maximum Deslrable
C | organic constifuents
chlonnated akanes
| G1| Carbon tetra chioride ngl 2 1 2 . 3IMm
c2 Dichloromethane ] ugt 20 20 ]
3] ti-dichloroethane | ugl | NAD 20 10
C4] 1,2-dichloroethane i POt 30 4 L
cs| 1,1,1-trichloroethane I L 2,000 (P} . L
“chiorinaled ethenes
C8| Vinyl chloride HglL 5 B _
C7] ti-gchoroethene | gt | 30 B
Cs8 1,2*digh]groethéne wgh. | 50 i
C9] Trichloroethene B Hgl 70 (F) i N
CG10; Tetrachlorcethene uol 40 | o
| sromatic hydrocarbons
C11| Benzene _ugh 5 10 i L
C12| Toluene ngh. | 700 (ATO) B
ciw Xylenes _ Hgh 500 (ATO} 1
C14 Ethyl benzene ngh 300 (ATO)
IC15] Styrene ugh | 20({ATO) | -
01—6{ Benzo(a)pyrene Hal 0.7 0.04
chiorinated benzenss
C17] Monochlorobenzene ngl 300 (ATO) L
C18] 1,2-dichlorobenzene _ugh | 1,000 (ATO) ~
CG19] 13-dichlorobenzens ] un NAD )
C20 1,4-dichlorobenzene kgl | 300 (ATO)
c21| Trichlorobenzenes {tolal) kol | 20(ATO) 3
| msceraneons [ o
1522] Oi2-ethythexyl)adipale mgl. i 80 B -
C23| Dif2-ethythexyljphthalate | ugl e ] 1 T
C24| Acrpamide ~ nel | 05 B
C25 .Epi;:hiorohydrin i _ Hol 04 (P) 3
26| Hexachlorsbutadiene T 06 |
C27| Edetic acid (EDTA) o bower | 200 | [T R -
28| Nitrilotriacetic acid HoL 200 | - N
cos| Diaiyllins Mgl | NAD o -
C30| Tributytin oxide TS 2 R
31| Phenotic substances | wer - 2 2
c32| 1,3-dichloroethylene Cwet | ) B ) 0.3
@{i Telrachloroelhylene ] ower | s 10 S 10 (ﬁ N
C34] Tichloroelhylene T L - 30 o 30(T)
c3s5 :(iig: 1 ,él—_&i&ﬂo‘rggthy_iene _____ Hod ; 40 )
Cos| 112 iTrostans oL 0 A T I
- Wod L o
| croroprencss o ) b a
IC37| pentachlorphenol Hol 10
63?3___éE,G,-lr?chbro?ggnP1 HgL L 7 ) n 10

ATO - affects appearance, laste and odour
NAD - no avaitable dala lo specily guidefine

{P} - Piovisiona!

guideling

{T) - Teniative standard
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Table 5-13 Comparison of Drinking Water Quality Standards (3/6)
Parameter / Constituent unit WHO JAPAN Kenya
1993 1993 1985
Maximum PDesirable
D | pesticides ]
D1} Alachlor Hal 20 i o
D2| Aldicarb ] wor | 10 o S I
‘D3] Aldrin / Dieldrin 1 kA 0.03 1 o 0.03
| D4| Atrazine ] et 2 N
C5) Bentazene _ Rgl. 30 - -
06} Carbofuran o ugh 5 N
p7| Chiordane N T 02 | | o3
08| Cholorotoluron ] wgt | 30 | B
D9] COT Rg/L 2 L I .
D10 1,2-dibromo-3-chioropropane | gL 1 I )
o] 24-0 ol 3| e
D12] 1.2-dichloropropane Hol |  20(P) ) L
(D13] 1,3-dichloropropane HolL NAD _
[ 1,3-dichiorepropene(D-0) HaiL 2 : . B ]
D14| 1.4-dichleropropene | Bot | 20 I
015] Ethylene dibromide HolL NAD o
D16] Heptachlor and heplachlor epoxide uglL 0.03 AR
D17| Hexachlorobenzene ugfL L o B 0.01
D18} Isoproturon Hgl 9 o o
D15| Lindane T . - | 3
020] MCPA HolL 2 .
D21] Methoxychlor ugh | 20 ~ R 30
D22| Metolachlor | mor § 10 L
D23] Molinate ugL 6 B - N
D24| Pendimethalin I 20 1 o
D25| Pentachiorophenot Hgh | 9({P) | i N
D26] Peimethiin ngl 20 o
D27 Propani o ol 20 o
D28| Pyridate HoL o0 |
D29} Simazine o ngt 2 3 ~
D30| Trifluralin Hol 20 o L N
Chlorophenoxy hebicides other than 2.4-D and MCPA
D31| 24-08 o MoL 90 I
032] Oichlomprop HoL 100 o N
D33| Fenoprop ] HoL 8 o
D34] MCFB ugl |  NAD | |
pis| Mecopop | wmet | 10
DAs| Thiram Mgt ¢ 8 )
p37| Thiobencarb (benthiocarb) | wer 20
ATO - affecls appearance, 1aste and odour o {P) - Provisional guideiine
NAD - no available data to specily guideline {T) - Tentative standard
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(4/6)

Table 5-13  Comparison of Drinking Water Quality Standards
Parameter / Constituent unit WHO JAPAN Kenya
1993 1993 1985
Maximum Desirable
E | Disinfectants and disinfectant by-products
disinfeciants
Ef| Monochioramine mg/lL 3 .
_'E'Q Di- and trichloramine rog/L NAD .
E3| Chiorine ma/l 5 (ATQ} o
E4] Chlorine dioxide mg/L L S
£5] lodine ] moh NAD
a&éﬂhﬁ';;(_a}?l by-products
€6 Bromate , mgt |25 B
£7| Chiorale HgL NAD o -
£8] Ghlorite nolL 200 i
o Chiorophenols
E9| 2-chiorophenol Hgl NAD I _
E10] 24-dichiorophenal not |~ NAD
E11] 24.6 -trichiorophenol ughi. | 200 0.
€12 Formaldehyde - HoL 900
£13] mx T NAD
Trihalomethanes 7 ] 100
|E14] Bromolorm ) kgl 100 s |
E15] Dibromochloromethane B ngt 100 100 )
£16] Bromodichlotomethane nglL 80 0 o
[e17] cmorotorm 7 ) g | 200 | 60 .30
Chlorinated acetic acids |
E18] Monochioroacetic acid ugh NAD .
E19] Dichieroacetic acid wgh | 80(Py
20| Trichloroaceticacid | 4 noh 100 (P) __k,,
| chiorarhyarate )
E21| (trichloroacelakiehyde) HoL 10 {P}
E22| Chloroacetone 1w _g;_’l:' ' NAD |y
Halogenated acelonitriles o o
[E23] Dichloroacelonitrite HoL 90 (P) i )
£24| Dibromoacetonitile | mon 100 {P) 1
FEZS_ Bromochloroacelonitrile ng NAD o N I
E26 Trichloroacetonitrile ut__yi___ [ 1 (P) o
E27] Cyanogen chlorde {as CN) gl o | 1 1
€osl Chiorogicrin | wer | map T .

ATO - affecis appearance, kaste and odour
NAD - no available data to specify guideline

{P} ~ Provisional

guideline

{7} - Tentative standard
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Table 5-13  Comparison of Drinking Water Quality Standards {518}
Parameter f Constituent unit WHO JAPAN Kenya
1993 1993 1985
Maximum Desirable
F { aesthetic quality -
physical paramelers
| Cotour e fTeu |5 b s 15
2| Taste and odous | __TON acceplable | | 3 | acceplable
Fof Temperawre | | acceptable | ‘
F4| Tusbidity NTU | 5 2 1 | (preferably 1
F6 Suspended maltter | __nil
inorganic constitents I
F6| Aluminium o _mgL 0.2 0.2 02 | 02
F7| Ammonia ] mg/l. is 1 ‘ 1. 95
F8| Chloride mglL 250 | 200 b 2s0
Fo| Copper o lme | 10 |10 |10
F10| Hardness, as CaC03 mg/L - __30a 10100 500
F11] Hydrogen sutide | met [oos [
F12| Iron mo/l 03 03 - 03
F13] Manganese - mgt. [ 0. 0.05 0.01 0.1
Fi4| Dissolved oxygen o mgh | - i o
F1s| pH mg/L - 58-86 | about75 | 65-85
Fi6} Sodgm | moL | 200 200 200
Fi7| Suttate mg/L 0 | | | 400
£18] Total dissolved soilds mi | 1,000 500 (TS} | 30-200 1,000
Fiol zne B O T 50
F20] Magnesium moiL - - I L
F211 Calcium mg/L o -
IFé-é"Silicale T - mgl R o |
F23| Langelier index >-1near0 S
b organic constituents
F24| Toluene ~l woA | 24-170 o
[F2s Xylene polL 20 - 1,800 B o
F2§] Ethylbenzene o pol | 2-200 N
F27| Styrene gl 4-2600 | _ o
28 Monochlorobenzene ugi 10 - 120 B o
F29| 1,2-dichlorobenzene | wer y t-t0 9
F30| 1.4-dichlorobenzene Hot 03 -306 | .
F31] Trichlorobenzenes {lotal) ngl | 5-50 1 -
Fa2| Synthetic delergents ol - 20 | N i
Fa3| Permanganate Consumgtion mgh. 10 LI
- disinfectants and disinfectant by—p?o?dcls
F34| Chiorine B | wor | 600-1,000 1 | 200-~-500
F35{ 2-chiorophenol Hoil 0i-10 | o -
Fas| 2,4iaiéhlompﬁen01 N Hgll 03 -40 o o
{F37| 2.4,6-dichiorophenol Holl 2 - 300
ATO - affecls appearance, tasta and odour {P) - Provisional guideling
NAD - no avaitable dala to specify guideline (T} - Tentatve standard
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Table 5-13  Comparison of Drinking Water Quality Standards (6/6)
Parameter / Conslituent unit WHO JAPAN Kenya
1993 1993 1985
Maximum Desirable
G | madioactive constituents
G1] Gross alpha aclivity I 0.1 - 0.1 N
62| Gross beta activity TS - S DU N F I R N
H | Chemicals not of health significance at normal water concentrations
Hi] Asbestos ) N e
He| Siver _ )
Wlvin ) o
ATO - affects appearance, taste and odour {P) - Provisional guideline
NAD - no available dala to specify guideline {T} - Tentalive standard
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5.4 WASTEWATER MANAGEMENT
5.4.1 General

As discussed in Section 5.3.3, it is cavisaged that Kisumy, in order to cater for its increasing
population and commercial/industrial activitics in the future, will require much more water than it
currently consumes.  And if this requirement is met, there will be a significant increase in

wastewater as well.

Against this background, the ultimate objectives of wastewater management in Kisumu will be to

maintain living cnvironments and to protect Lake Victoria from degradation of its water quality.

54.2 Wastewater Management Methods

There are a variety of methods for disposal of wastewater. They arc uscd either on a stand-alone

basis or in combination, taking amongst others the following into consideration.

»  Extent of water supply arca and water distribution
*  per capita water consumption rates

+  Ability to pay

s groundwatcr conditions

* current wastewater practises

1) Sewerage System

Sewerage system is an ideal but most cxpensive way of managing wastewater. It consists of
sewers, pump stations and a sewage treatment works, Generally, it is applied in areas where
residents consume water at a rate of 100 led or more.  This is because sewerage system requircs

a relatively large quantity of water to transport domestic sewage from houscholds to the sewage
treatment works.

2) Shatlow Sewers

This method is similar to sewerage system but less expensive.  The advantage of this method is

that it can be applied in high population density arcas where residents consume water even at a
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smaller rate of 50 to 60 led. Compared with sewcerage system, however, almost twice the
number of houscholds must be connceted to a sewer to incecase the flow.  This requires part of
sewer pipes to be installed within private propertics, and thus community participation is cssential
for this method to work.

{3) On-site Sanitation

On-site sanitation is gencrally applied in arcas where residents usc less than 20 led of water.  In
these areas, neither sewcrage system nor shallow sewer can be used, since water available for
disposing sewage is too small for cither of these methods to work properly.

Veatilated Improved Pit (VIP) Latrines and seplic tanks are most popular on-site sanitation
facilitics. Single-pit VIP latrines are recommended for low population density arcas.  Double-pit
VIP latrines are recommended for arcas of a rclatively high population density. Where
groundwater level is high, single-pit latrincs should be raised above the ground or double-pit
Jatrines should be provided. These modifications provide extra storage, prevents groundwater
seepage into the pit and prolong the time between cmptying or relocating the pit.

Scptic tanks are convenient but more expensive than VIP Jatrines.  Compared with a VIP latring,
a septic tank requircs a wider extent of land for construction and maintcnance. It requircs
regular emptying and hence the presence of saitable aceess for vacuum vehicles is necessary for a

successful operation. Tt also requires suitable soils for disposal of efftucnt through soak pits and
percolation trenches.

3.4.3  Service Area and Population

The arca proposed to be covered by the municipal sewcrage system in 2015 is shown in Figure
3-5. This area is dclineated bascd on the assessment of the projected water demands in Section
333, ltis cstimated that with the combination of scwerage system and shallow sewers, the
proposed service arca will be able to collect more than 80 % of wastewater {o be generated within
the municipal water supply system in 2015,

The proposed service area is divided into threo wastewater treatment districts, namely Central,
Bastem and Western Wastewater Treatment Districts {WTDs), taking topographic conditions,

locations of existing trunk sewers and sewvage treatment works, future water supply service area
and future land use plan.
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Table 5-14 below presents a summary of the projected service arca and population for cach of the

years 2005 and 2015.

Fable 5-14 Sewerage Service Area and Scrvice Population

WTD Service Area tkm?2) Service Population
Year 2005 Year 2015 Year 2005 Year 2015

Central 4.4 44 23,992 20.896

Eastern 145 20.6 109,277 185,070

Western 0 26.4 0 158,880

Total 18.9 514 133,269 373,846

Source: JICA Study Team

544 Wastewater Generation

(4] Domestic Wastewater Generation

Domestic wastewater generation volumes are estimated for different domestic water consumption

rates as shown in Table 5-15.

They are basically the same as the projected per capita

consumption rates, cxoept that wastewater gencration froma houschold who consumes 200 led is
assumed to generate 190 led or 85 % of water consumed,

Table 5-15 Domestic Wastewater Generation VS Water Consumption
Water Urban/ Income Water Wastewater
Supply Peri-urbar/ Level | Consumption Rate Generation Rate
Methods Rural (lcd) {lcd)
House Urban High 200 190
Connection Medium 120 120
Low 60 60
Peri-urban High 120 120
and Rural Medium 60 60
Low 50 50
Communal | Peri-urban High 20 20
tap and Rural Medium 20 20
Low 15 5

Source 1 JICA Study Team
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Table 3-16 presents a summary of the estimated total domestic wastewater gencration in (he
municipal watcr supply system and the wastewater to be collected by the municipal scwerage
system. It is cstimated that the municipal scwerage system will collcct 46 % (11,406/24,694) of
the total domestic wastewater to be gencrated within the municipal water supply system in 2005,
and that the ratio will increase to 73 % (30,249/41,701) in 2015,

2) Non-domestic Wastewaters Generation

Non-domestic wastewaters comprise wastewaters to be generated from insfitutional, commercial
and industdial activitics. The first two are estimated from the projected water demands
multiplicd by ratios of 0.80 and 0.85 cespectively. Wastewater from general industries is
assumed to be 80 % of the projected water demand.  Wastewater from large industrial users  is
estimated through intervicws with factorics and from the results of previous studics. Table 5-17
below presents a summary of the estimated industrial wastewater gencration within the municipal

water supply system.

Table 5-17 Industrial Wastewater Generation
Area Type of Industry Year 2005 Year 2015
Water Wastewater | Water Waslewater
Demand Generation | Demand | Generation
{m3/day) {m3/day) (m3/day) | (m3/day)
Urban Large Industry 3,100 2,770 2,800 2,550
General Industry 2,410 1,930 5,700 4,560
Peri-urban Large Industry 0 0 800 640
and Rural General Industry 2.970 2,330 6,200 4 960
Total 8,480 7,080 15,500 12,710

Table 5-18 shows a summary of the cstimated wastewater generation and the wastewater to be

collected by the municipal sewerage system in cach of years 2005 and 2013,
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Table 5-18 Wastewater Generation and Wastewater to be Colltected by Municipal
Sewerage System
Category Year 2005 Year 2015
of Wastewater Wastewater Wastewater Wastewalter
Wastewater Generation | to be Collccted Generation to be Collected
by Scwerage by Scwerage
(m*/d) {(n’/d) (m*d) (m’/d)
Domgstic 24,690 11,410 41,760 30,250
Non-domestic
Institutional 2,290 1,750 5,200 5,120
Conmmercial 4,830 3,920 7,055 6,990
Industrial 7,080 6,140 12,710 12,710
sub-total 14,200 11,810 24,965 24,820
Total 38,890 23,220 66,665 55,070

As can be seen in the above table, it is estimated that the municipal sewerage system will be able
to collect approximately 60 % (23,220/38,890) of the total wastcwater gencration within the

municipal water supply system in 2005, and that the percentage will increase to 83 %
(55,070/66,665) in 2015.

54.5 Water Quatity
(N fndustrial Efflueats

Industrics discharging large volumes of wastewater and of high concentration compared with
domestic sewage, will significantly increase the concentration of wastewater inflow to the sewage
treatmcnt works. Those industrics can opt to discharge into public scwers. However, if they
would like to discharge into public sewers, they nced to pretreat their wastewater to an extent

which will depend on the wastewater quality and quantity, This restriction arises from the need
for the treatment plant to satisfy effluent standards.

Reduction of industrial wastewater loads into the sewerage system will reduce the pollutant loads
discharged into the Lake Victoria and protect the sewage treatment works from harmaful

chemicals.  Table 5-19 shows the standards for industrial efluents in Kisumu proposed by the
Study Team.
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The future industrial loads on treatment works have been caleulated assuming that the present
day discharges will comply with the proposed trade cffluent standards. General industrial
cfitucnts have been estimated at having the following cstimated qualitics: BOD 500 mg/l; S8 600
mg/l ; and the absence of substances which would adversely affect biological treatment processes,
and thus they are reflected in the proposed effluent standards..

(2) Sewage Treatment Works Effluents

The ultimate disposat location for the sewage treatment works ¢ffluent is Lake Victoria and the
standards set out betow for the effluents are drawn up to prevent pollution of the lake waters and

to protect public waters.

*  Biological Oxygen Demand (BOD) Concentration =20 mgA
»  Suspended Solids (SS) concentration -30 mg/l
¢ Faccal Coilform concentration {pond efflucnts only) -5,000 CFU/100 m!

In the case of pond cfMuents, the BOD concentration shown above will be applied to filtcred
samples.  Faecal Coliform standards are included in the pond effluent eriteria because of
existing and future pond discharge to watercourses which, due to their length, may be used by
adjacent inhabitants as a potable water source during the periods of shortfall in the municipal
water supply. It should be noted that higher standards can be achieved where the final effluents
flows through papyrus swamps. This is due to the further “polishing” eftected by the papyrus
swamps, where there are significant reductions in nutrients, BOD and S8 and also destruction of

the remaining faecal coliforms.
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Table 5-19 Proposed Trade Effluent Standards to Public Sewers
Parameter Concentration (mg/l)

Total Suspended Solids 600
Total Non-volatile Dissolved Solids 3,000
BOD;at 20°C 500
cOob 1,000
Phenols (fotal at conngction point) 10
Detergents 15
Soaping oils and fats 10
Hydrocarbons 20
Silver {Ag) 0.02
Arsenic {As) 0.02
Barium {Ba) 5
Cadmium (Cd) 0.01
Chloride (C17) 1,000
Cyanide (CN) 0.02
Total Cyanide ({CN) 1
Cobait (Co) 0.05
Hexavalent Chromium (Cr*') 0.05
Total Chromium 3
Copper (Cu) 0.5
Mercury (Hg) 0.01
Ammonical Nifrogen 20
Nickel (Ni) 0.5
Free Ammonia 10
Total Kjeldahi Nitrogen Nit
Nitrite 0.5
Lead (Pb) 2
Total Phosphate 30
Selenium (S¢) 05
Tin (Sn) 05
Sulphite (80y) 2
Sulphate (S0, %) 1,000
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5.5 ORGANISATION AND PRICING

5.5.1 Organisation

Having examined in detail the overall strengths and weaknesses of the WSD in Kisww, it s
apparent thal many of the fundameatal reguiremnents are ot up to standard. The preseat WSD s
fucapable of handling the current sitvation effeetively and efficiently, and would not be able to

cope with Phase 1w the subsequent copital works requirements.

The Tegal framework appeas to be in place pationafly however, legislation at Local Authority
level requites sttention. The national institutional framework s generally satisfactory, wnd it is
b ) 3

receiving attention under other intensive studies, which witl strengthen the position at KMC,

A planning framework is in place for the organisation of the WS, but this has to be examined
against the findings of this study particutarly in respect of an carly move to autonorny.  Whilst
the structure of the WSD provides for most of the future requitements, there is a fundamental
weakness which must be addressed with respect to human resourees in both the technical and

commercial sections.

The major personnel issue is clearly the large number of vacant posts within the organisation, amd
there must be a planning policy to strengthen the staff, in accordance with the phased
development of the water supply and sewerage facilities. In addition, apart {rom the need to
urgently develop an autonomous department within KMC, progression fo a commercialised

company must be embodicd in the overall framework.

It is assumed that an avtonomous WSD will be in place by mid 1999, and that it will be
sufficiently strong cnough for development under the Phase 1 Managemeny/Institutional

improvement programme 10 a commercial company.

55.2 Tariffs

In Kenya where local authorities are water undertakers, tariffs are set by the local authoritics
with the approval of Ministry of Local Government. The central government policy is to
cncourage tariffs which are high enough to recover all costs. The reluctance comes from local
officials who believe a tariff increase would be unpopular with the people. Given the choice

between a service al a reasonable cost and a breakdown in service delivery, the local officials

-39
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“have opted to let the service suffer.

Tariffs in most citics, including Kisumu, have been raised substantially for revenue gencration,
The present leved of tariffs is comparable to those prevailing in Western Europe ard North
America. The tanifts are sufticient 1o raise all required revenue if the water departments operate

efficiently ond revenues are retiined by this department and used tor delivery of this seivice,

Further revenue can be raised by three modifications in the tarift strecture. At present, the Targest
users of water pay 30% more per unit of water than those who consume litthe water. This
differential can be increased to generate more revenue from high income houscholds and other

Users,

The sccond possible adjustment is in non-domestic tariffs. Industry and institutions pay only 200%
more for water than houscholds for the same tevel of consumption. The tariffs for non-domestic
users can be increased further. Industry’s own estimates show that the cost of water supplicd by

the largest users themselves would be double the rates presently paid.

The third issue is the cost of sewerage and water services. At present, Kisemu residents pay 75%
of their water bill for sewerage when they have a central sewerage connection. It is not clear if
this is sufficient for financing an cfficient sewerage system. Effective sewerage collection and
treatment is highly desirable for health and environmental ceasons. Some citics in Kenya charge
more for sewerage than they do for water. Sewerage charges thus can be raised to generate more

revenue.  In any case, the Departiment should insure that all subseribers who have sewerage

service arc actually billed for this service as well as water.

The Study Team has rccommended that the present tariff for the minimum level of consumption
should be reduced from 180 Shillings/month to 100 Shiltings.  Fhis will improve affordabilily

for the fow income people and will have a small impact on overall reveaue,

5.6 PRIORITY PROJECT

Kisumu needs urgent improvements on both water supply and sewerage.  The prevailing water
crisis and water-related diseases in the town are described elsewhere in this report and newspaper

cuttings demonstrating these problems are compiled in Appendix S.

The objective of the Priority Project is thus to address these problems at the carliest timing

possible.  Realistically speaking, however, this cannot be achieved overnight.

5-40
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The Project is assumed that a large portion of the cost will be financed by a lesm from an
international lending agency.  This financing arrangoment con be initiated onfy {rom the
beginning of 1999 and most probably takes one year before an ageeement can be reached between
the Kenyan government asd the loan agency.  This will be followed by fthe sclection of
consultunts for detailed designs, which normally takes one year or so. - Detailed designs will adso
tukes 10 months or so to complete.  Any water supply improvement coptracts which nvolve
constraction of a now water treatment works and water distribution mains will require at east two

years to complete.

Al these lead 10 the conclusion that the physical construction of the Priority Project can be

completed only at the end of 2002 st the carliest.

Upon completion, the water supply capacity created by the Priority Project must be able to meat
the water demands projected over a few years ahead.  This is necessary to feave an adequate

time for implementation of the succceding improvements.

1t is thus recommended that the Priorily Project be formulated with its target year 2005, and that

it should be able to meet the projected water demand in 2005.
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6 WATER SUPPLY AND SEWERAGE MASTER PLAN

6.1 WATER SUPPLY SYSTEM
6.1.1 Tatroduction

The improvement of water supply in the Kisumu Municipality will be achicved through two
separate schemes : onc being the municipal water supply scheme to be operated by the Kisumu
Municipality and the other being rural water supply schemes to be operated by the communities.
Rurat water supply schemes are small in scale and will rely on local groundwater in the vicinity of

corvnunitics.  These schemes are discussed separately in this chapter.

6.1.2 Development Alternatives for Municipal Water Supply System

{1 Introduction

Analysis and comparison of alternatives for water supply development for Kisumu municipality
up to the year 2015 are described in this section. Six technically possible alternatives, each
comprising a complete set of facilities from water source to distribution, are developed.  These

six alternatives were compared in terms of both construction and O/M costs to sclect the least
cost solution.

The method of the analysis used in this section is a comparalive evaluation. This docs not

require the calculation of full costs, but atlows the comparison even if costs that are common to
al| alternatives are disregarded.

2) Phasing Resource Development

The existing supply capacity in Kisumu is around 18,000 m*d. 1t is planned to increase this by
around 10,000 rv’/d under rehabilitation works. This will be followed by creating an additional
capacity of around 40,000 m*/d. The total supply capacity will thus increase to around 70,000
m’/d i Phase 1. This capacity is planned to be completed by the year 2003.

Te create the additional capacity of 40,000 m’/d at the end of Phasc 1, possible watcr sources are
Sondu, Kibos/Awach and Yala rivers in addition to Lake Victoria which is a possible source for

any amount of capacity.
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3) Alternative Waler Sources

Evaluation of water sources with tespect to available intake rate and water quality is discussed in
Chapter 3. Table 6-1 shows a summary of the cvaluation. Except for Kibos/Awach River
with weir intake, all other water sowrees have sufficient flow rate for intake to meet the water
demand in 2015.

Table 6-1 Anxailable Water Sources

Water Distance Available Intake Water Water Location
Source To Supply Rate Ouality Transmission (Within Or

Area | phase] | Phase It Distance | Method Outside

Drainage Basin)
Lake Victoria Adiaceat Sufficient | Sufficient Algae 5 km Pumping ; inside
oD 80 m Head
7 Mgt

Kibos/Awach
River Not
- Weir Intake 11 ke Sufficient | Sufficient Good 11 km Gravity Inside
Kibos River
-Dam 1Skm Sufficient Sufficient Good 12km Inside
Yaha River 34km Sufficient | Sufficient Good 34 km Outsid

Among water sources listed above, Nyando River is excluded from this comparative study since
its water qualily is unsuitable for human consumption and is expected to worsen due to the

presence of industries in its upstream.

Gut of the two possible intakes on the Sondu River, onc at the downstream at an elevation of
1205 m is considered.  Topographical conditions require a three or four-staged pumping against
a tolal head of 150 m. This multi-stage pumping from Sondu River will not be sustairable
without assurance of payment for high encrgy costs and without skilled staff being deployed for
complicated operation and maintenance of mechanical and electrical equipment. Since it is
considered difficult for the Kisumu Municipality to meet these requirements, Sondu River is also

excluded from this comparative study.

6-2
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Remaining alternative waler sources are therefore as follows.

1. Lake Victoria
2.  Kibos/Awach River
3. Kibos Dam
4. Yala River
Lake Victoria

Available capacity from Lake Victoria is unlimited and this source can be used either as single
source or as a combined source with others.  Dug to its proximity to supply area, combination of

this source with other sources will increase the rcliability of water supply system.

Kibos/Awach River
The Kibos/Awach system is the most promising source of river water.  Without construction of

a new dam, the maximum amount of water which can be extracted from the Kibos and Awach
rivers is estimated to be 42,500 m3/day.

Kibos Dam

Construction of the Kibos Dam is discussed in the “Kisumu Water Supply and Sanitation Study,
March 1988, Ministry of Local Authorities on behatf of Kisumu Municipal Councit, conducted
by H. P. Gauff Gmbh”. This option proposed to build a dam across the Kibos River at one
kilometer upstream of the existing Kajulu intake. After the 1988 Study, the JICA conducied the
Study on the National Water Master Plan in July 1992. According to the Study, it was
envisaged that 70,000 m3 of water could be abstracted per day by constructing the dam which
has 40 m crest height and 7 million m3 of gross storage.

Construciion cost was estimated in the 1992 JICA Study at US$23.8 million in 1992 price.

This corresponds to US$27.6 million in 1997 price using 3% escalation rate per annuim.

Yala River

Yala River option is (0 augment the low flow during the dry season by a trans-basin diversion
from Yala River to Kibos catchment, details are given in Appendix B.  Diversion pipe will be 27
km in length and 950 mm in diameter.  This pipeline will allow gravily diversion from the Yala

River to Kibos catchment without tunnel construction. Total construction cost is estimated at
US$18.7 million.

6-3
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6.1.3 Development of Alternative Cases
Six alternatives are developed using these available waler sources.  Water sources for each
altcrnative case are as shown on Table 6-2 and the details of cach aliernative are shown on Table

6-3.  Schematics illustrating each of these alternatives are shown in Figures 6-1.

Table 6-2 Waler Sources for Each Alternative Case

C Phase 1 -
hm(}apadty a5z
Case 1
&
Totsl
Case2 o
Total 7
Tolal i}
Case 4
Tetal
Case s
Total | 72,500 — 115,900
Tolal 72500 132 -~ o '“5,0—00

RC: Rehabilitation Woeks Component
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Table 6-3 Detail of Each Alternative Case

Facilities [L.ocation Phase |Casc 1] Casc 2{Case 3{Case 4]Case 3|Case &
Kajulu (rehabihitotion) E.1L. 1273 m T(RENL) T 2.800) 2,800] 2,800] 2,800] 2.800] 2300
Treatment  Jlake (rehahilitation) EL.1140m T(REHL) | 25,000] 25,600] 25,000) 25,000] 25,000] 25,000
Works Kibuye (Expansion ) EL.1150m ] 40,0001 40,000] 40,0007 10,000{ 40,000} 40,000
(nﬁ’d} Kibuye (Expansten ) EL.1190m i 40,000} 40,000] 40,000] 40,000} 40,600] 40,600
Total {2015 y) 17,8001 07,800[107 800[107.800107 KOO 17,800
Kibos (Rehabili) £.1.1273m F(REIL) | 3,000] 3,000 3.000] 3000] 30001 3,000
Intake Lake (Rchabili} EL 113m T(REIL) | 27,0007 27,000] 27,000 27,000] 27,000] 27,000
Factlities Kibosw/Awach, Kibos 151, 1300 m i 25,5001 25,500 25,500
(m3ld) Awach EL. 1300 m 17,0001 17,000 17,000
Lake EL 1134m I 42,500 42,506} 42,500
Lake o EL 3 m Il 12,500 42,500
[Kibos Dam EL1472 m It 42,500 42,500
Yala River 1L 17775m 1 42,500 42,500
Kibos River  EL. 1273 m 1l 42,300 42 500 42,500
Kibost/Awach, Kibos EL. 1273 m i
Awach E L. 1255 m
Kajulu- Clear reservoir F(REH) | 2,800] 2,800] 2,800] 2.800| 2,800} 2300
Transmission] E2.6kn EL 1273-1220m
or Lake-Kibuye LE.L 1140- 1190 m L(REH) | 25,000 25,0001 25,000] 25,000] 25,000] 25,000
Conveyance § L :5.0km
Pipe Kibos/Awach- Kibuye 1300-1190 m I 42,500} 42,500 42,500
{(mdy L: Skt 5246 (2350041 7000m3/d) ||
{l.ake- Kibuye EL.1140- LSO m ] 42,300 42,500 42,500] 42,500
1. 5.0km
Kiboso(Dam)  E.L. 1300-1190 m it 42,500 32,500
L:1.4kin
Yala-Kibos EL:1777.5-1710 m {i 42,500 42,500
122 7km
Kibos-Kibuye E.L. 1300- 1190m II 42,500 42,500
Ll 4km :
Kibuye- Kanyakwar L.=3.8 ki 1 sto0] 5100] 51001 s100f S5t0a] 5100
E.L.1190- 1240 m (Pumping) I 590071 3900f 3900] 590C] S900] 5900
Kibuye - Kogony L=6.0 } 4500] 4500] 4500] 4500 45001 4500
E L :1190- 1240 m (Pumping) H 5500F  S5001  3500) 5300] 5300f 5500
Clear Water [Kibuye E.L.1190, Cap.:6,000 extsting | 6,000] 6,000] 6,000] 6,000] 6,000 6,000
Reservoir  [Kajulu Cap:1,000 KREH.} 1,006] 1,000} 1000} 1,000] 1.000] 1,000
(m’} Kibuye L1190 Cap.2,000 I 12,000 12,000 12,000] 12,000] 12,000} 12,000
Kibuye E.L. 1150 Cap.:10,000 i 10,000} 10,000{ 10,000] 10,008] 10,000] 10,000
Kanyakwar HLW.L 1240 2,500 | 25000 2.500] 25000 2,500] 2,500] 2,500
Kanyakwar HW.I 1240 m 2,000 1 2000 2000 2,000] 20000 2,000 2,000
Kogony HW.L. 1240m 2,000 1 20001 2,000] 2,000] 2,000} 2,000} 2600
Kogony HW.L 1240 m 2,500 {1 2,500 2,500 2.500] 25000 2,500] 2,50
Tolat 38,000] 33,000] 38,600] 38,000 38,000{ 38,000
Lake-Lake TW Q27,000 L.0.6km TREIDY [ 27.000] 27,000] 27,000] 27,0001 27,000} 27 ()0
EL1134-1140 m
Pumping  |Lake-Kibuye , Q:25,000, L.6.0km L(REIL) | 25,000] 25,000} 25,000] 25,000{ 25,000{ 25,000
Station EL Difference st S0 m
Lake—Kibu)‘t‘,,Q;‘-‘)l‘SOO, I 5.0km | 42,500 42 500] 42,500
(m*d) E L Difference + 50 m
Lake-Kibuye , 42 500, 1.2 5.0k 1l 42,500 42,500
E.A. Difterence..+15m
Kibuye-Kanyakwar Q:5100, i 5062 5,062 5062] 5,062 3,062 35,062
ELDA4S0m  L-38km
Kibuye-Kanyakwar Q:5000, il 5,275 5,275] 5.275| 5,275| 5,275| 5275
E.LDilference:+50m 1.3.8 ki
Kibuye- Kogony Q:4500, ] 44861 4,486] 4.486) 4486 4,486] 4,486
E.L Dilterence+50m 160 km
Kibuye-Kogony Q:5500 Il 5,460] 54601 3460] 5460] S460F 5460

Note: REH - Rehabifitation Works Component
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| Figure 8-1 (1)

Alternative Study : Case 1 - Kibos/Awach Weirs and the Lake
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| Figure 6-1 (2)

Alternative Study : Case 4 - Kibos/Awach Weirs and Yala River
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Alternative Study : Case 5 - Lake Victoria and Kibos Dam
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From the Table 6-2, proposcd water sources for Phasc [ and Phase It are summarized in Table

6-4.

6.1.4

(M

Table 6-4 Summary of Proposed Water Source
for Each Alternative Case

Alternative Propesed Water Source
Phasc ] Phase 11

Case 1 Kibos/Awach River Lake Victoria
Casg2 Kibos/Awach River Kibos Dam
Case 3 Lake Victoria Lake Victoria
Cascd Kibos/Awach River Yala River
Casc S Lake Victoria Kibos Pam
Case 6 Lake Victoria Yala River

Comparative Study ameng Alternative Cases

Comparative Study

For all of the alternative cases, the location of a new water treatment works is fixed at the site of
existing Kibuye distribution reservoir. The reasons are:

Vacant land is available in the premises and in the vicinity of existing Kibuye
distribution reservoir. Land space required in the vicinity will be acquired by the
municipality.

The location of Kibuye, because of its high elevation, wil} enable to supply water by
gravily to the most of the supply area.

The location of Kibuye is in the middle of two major water soutces, Kibos/Awach
and Lake Victoria. The location, therefore, will have an advantage when an
acecident occurs at one of the water sources, in which theether source can still meet
part of water demand in supply area.

‘The location of Kibuye has an advantage in operation and maintenance of treatment

works and central distribution reserveir because they will be in the same premises.

Therefore, location of water treatment works is fixed at Kibuye for all alternative cases, and so

arc the downstream facilities, such as clear water transmission and distribution facilities.

Comparison of alternative cases for the selection of the most preferable case is made by giving

weighted points for various parameters.  Points are awarded from a scale of 1 to 3 and weight of

1or2.

Increased weight was given to the following parameters, namely:

Flexibility of facility design and expansion
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+  Investment cost

*  Operation cost

*+  Environmental Impacts
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For assigning the point to “Investment Cost”, preliminary comparison of invesiment cost is made

and the results are shown on Table 6-5. In thc comparison, costs that are common to all

alternative cases are neglected and only costs of Intake Facilitics, Raw Water Pumping Station

and Raw Water Transmission Pipeline are compared.

Table 6-5 Preliminary Comparison of Investment Costs

Unit : 1,000 US$

Water Source Phase | Kibos/ | Kibos/ | Yake | Kibes' | Lake | Lake
. |Awach| Awach} _ |Awach} | _ |
Phasc 1 Iake | Kibos | lake | Yala | Kibos | Yala
Dam Dam
Propased Facilities for Comparison
{not including all proposed fadilities) Casel| Case2 | Case3 | Cased | CaeS | Caeé
1 Intake Facilities - 1 -
t-a_Kibos/Awach River Phase | 1,820, 1320 I I P W
1-b Lake Victoria Phase | 3,600 3600 3,600
1c LakeVidoria Phase Il 3,600 3,600 ,
1-d Kibos Dam Phasc 27,600 | 2z7e000
t-e Yala Rives Phase H 2,600 2,600
2 Raw Water Pump Stations i N
2-a Lake Vicloria Intake Phasel | 2224 2,224F 204
2-b Lake Vidoria Intake Phase I1 2,224 2,224
3 Raw Water Transmission Pipeline - - N
3a Kibo/Awach L - Kibuye W.W Phasz | 7444 7444 744 o
3b Lake VictoriaL - Kibwe WW  |Phasei X I T X
3¢ lake Vicioria [, - Kibuye W.W Phasell | 2654 2,694 N . Q-T
34 Kibos Dam | - Kibuye W.W Phase I . | 38
3¢ Yala River - Kibos River Phase I | owme | 187
31 Kibosl. - Kibuye W.W Phase [I 3374
Total Cost ) _ﬂ 17,782 36861 17,036 30,561 39994 33,60
o L Phasel 9,264 9,2_@4% 8518 9264 BS518; 3851¢
Phase 1 8518 27,600, 8518 21,300, 31476 25,17
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Results of comparison of alternative cases are shown on Table 6-6.

Table 6-6 Comparison of Alternative Cases

Parameters Weight Case Case2 | Cased | Cased | CaseS | Case$
Water Source Phase 1 Kibos/ | lake | Kiboy/ | lake Lake
Awach Awach
Phase I Kibos | Lake Yala Kibos | Yala
Dam Dam
Flexitality of Facility 2 Phase [ 6 4 6 4 4
Design and Fxparsion 2 | Phasen 4 4 6 4 4
Relizbility of Supply 1 Phase 1 2 3 2 3 3
1 Phasc 1 2 3 3 2 3
Control Crver Source 1 Phrase | 2 1 2 1 1
{Cutchment)
and Transmission 1 Phase If 2 1 2 2 2
Speed and Difficulty 1 Phasc 1 3 3 3 3 3
for Development } Phase I 1 3 1 i 1
Water Quatity of 1 Phase | 2 1 2 1 1
Resources
1 Phase B 3 1 3 3 3
fnvestment Cost 2 Fhase I 6 4 6 4 4
2 Phase I 2 6 4 2 4
OM Cest 2 Phase | 6 2 6 2 2
2 Phase I 6 2 6 6 6
Existing Water Rights 1 Phase | 2 3 2 3 3
1 Phase Il 2 3 3 2 3
Management Area 1 Fhase ] 3 3 3 3 3
1 phase 11 2 3 1 1 1
Environmental Inpacts 2 Phase | 6 6 6 6 6
2 Phase IT 2 6 4 2 4
“Total pokni A 62 71 55 63
Rank 3 5 2 6 4

Nate : Point system ; Very good - 3 points; Gond - 2 points; Moderute - 1 point.
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Results of comparison of altcinative cases are shown on Table 6-6.

Table 6-6  Comparison of Allernative Cases

Paraméten Weight Case wsed | Cased | Cased | Case$S | Cased
\V_m:t Smm:-__ - Phase § Kibos! Pake Kios/ fake Lake
Awach Awach
- - Phase 11 Kilgs I ake Yala Kibos Yala
Dam m
Hexibility of Faility 2 | el 6 4 1 4
Design and Expansion >  Phase Il 4 4 4 4
 Retiamitity of Supply v | pusel 2 3 3 i
: Phase I 2 3 3 | o2 3
Contml Over Sounce I _I;h.-me“l“ 2 1 —2- ) 71 B 1
{Carchment)
ard Teansmission 1 Phase 11 2 1 2 2 2‘7
Specd and Diffcutty 1| Theel R EE 3
for Developmient 1 Phasc 1l mlh"- "3—" B 1 1 1
WaecOuliyof |1 Pase ] 2 1 2 | 1 1
Respunys
1| vt 3 I 3 3 3
Ewvestment Cl_l_Q_ 2 _i’;x‘;e—l__ 6 4 6 4 4
2 | Paen 2 5 4 2 a
OMCox 2| Phaset 6 2 6 2 2
2 Phase T 6 2 5 6 6
{\i\l}f‘g“‘(ﬁ«.[ Righis . 1 Phase | 2 3 2 3 3
- } Fhase 1l 2 3 3 2 3
Masgement :'\n;q i m_‘m—!’h.i‘;el 3 3 3 3 3
o 1 phase {1 2 3 1 1 l"“
[isinomeotd brguts | 2 | Phasel 6 6 5 | s 6
2 Phase 2 & | o 2 4
 udpoiat 6 | e | =n s | & |
T T s s U e T

Nt o systan; Very giod - 3 pointy Good - 2 points; Moderate - § point.
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(2)  Alternative Selection

As a result of the comparison in Table 6-6, Case 1, Case 2, Case 3, and Case 4 are selocted for detailed
evaluation considering present valuc of the alternatives,  The calculation of the present values are carriod
out considering investment and operation costs.  However, the costs that are common to all alternatives are

disregarded.

{a) Investment Costs

The major components at works 1o be undertaken under each option and the investment schedule are
presented in Table 6-7. All componerts which are commmon to all altematives are exchided such as Water
Treatment Works, Distribution and Transmission System of clean water.  Investment costs of Intakes, Dam,
Transmission Pipes Tunnel, and Pumping Station of raw water are regarded for detail evaluation comsidering

the present value.

Table67  Capital Investment Schedule

CASE 1 :Kibos/Awach Intakes and the Lake {(Unit: thousand USD)
Phase | 2000 | 2001 | 2002 § 2003 | 2004 | 2005 | Total
Intake Kibos/Awach H 6000  600] 620 1,820
Lake |} 1,2000 1200 1,200f 3,600
Pumping Statio RW)  |Lake Intake i 7000 750 T4 2
Transmission Pipe K/Ato Kibuye I 2,400 2,400] 2,644 7,444
Lake to Kibuye | o0 900] 894 2,694
‘Total 30000 3,000 3264 2,800{ 2850 2,868 17,782
CASE 2 :Kibhos/Awach Intakes and Kibos Dam (Unit: thousand USD
Phase | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | Total
Intake Kibos/Awach 1 600 600 620 1,820
Kibob Dam Dam 1i 92000 9,200{ 9,200 27,600
Transmission Pipe K/A to Kibuye 1 2,4001 2,400, 2,644 7
Total 3,000; 3,000 3264 92000 9200y 9200 36,364
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{Unit: thousand USD)

Phase | 2000 | 2001 | 2602 | 2003 | 2004 | 2005 | Total
Intake Lake Infake I 12000 1,2000 1,200 3,600
11 1,200 1,200 1,200 3,600
Pumping Station(RW) _{Pump Station I 700 800 724 2,224
Il 700, ool 74| 2224
Transmission Pipe Lake to Kibuye 1 900, 900 894 2,694
I 900, 900 8] 2,694
Total 2,800 2,900{ 23818 2800 2900 2818 17,036
CASE 4:Kibos/Awach Intakes and Yala Diversion (Unit: thousand USD)
Phase | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | Total
Intake Kibos/Awach I 600y 6004 620 1,820
Yala Intake H 8501 8500 9y 2,600
Transmission Pipe K/A to Kibuye 1 | 24000 24000 2,644 7,444)
Yala Transmission Pipz | Yala- Kibcs i 6,000 6,000 6,700] 18,700
Total 3,000 3,000 3264 6850 6850 7,600{ 30,56

(b) Operation Costs

Tenlative operation plans are devised for each alternative to calculate the operation costs.  The tree major
operation composents are the "Costs of Energy for Pumping”, "Water Treatment Chemicals”, and "Staff
Costs”.  "Costs of Energy for Pumping” are depending on location of water resource, and "Costs of Water
Treatment Chemicaks™ are depending of water quality of water resource.  Proportion of abstract water
amount from Lake and Rivers affects both oosts. ' Water abstradt amount from Lake and Rivers are shown

below.
(m’/day)
Case ]
Noomal Dry S Case?2 Case3 Cased
River Water 88,000 45,500 0 88,000
Lake Water 27,000 69,500 27,000 115,000 27,000
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In Casc I, Rive Water will be taken as much as possib, (as maximal 88,000 m’/Ad), and make up for a
deficiency by using Lake Water during dry season. It is assumed for the caleulation of annwal operation
costs that 69,500 m/d of Lake water is taken 2 months a year and only 27,000 m’/d of Lake Water arc
taken 10 months a year. '

Chemicals

The water treatment chemical dosage used depends on the quality of raw water.  Sources of water supply
need to identified for caloulating the costs of chemicals.  Study Team colfected information on water quality
and dosage in the existing treatment works. It is sufficient to provide a breakdown betwoen lake and the
rives, bocause the quality of water from all rivers can be assumod to be the same and therefore subject to
same treatment.

The costs of treatment chemicals for 1000 m’ of ran water are derived from the following assumptions on
dosage and prices:

Alun Input Soda Ash Input chiorine Input .
Unit Price (0S8USSAg) (029 USSAg) CNOUSShg) 1ol Cost(USS)
Lake Waler 1,000 m’® 60 kg 0 6kg 17808
River Water 1,000 v’ Wkg Gkg 3kg 802.1

Powes Consumption

Encrgy for pumping in required when Lake Water is taken for supply water.  The amount of electricity that
will be consurned after rehabilitation is calculated relation to the pump head, and effficiency of pumps and
motors.  Power consurmption required for pumping to Kibuya Water Treatment Works to fooda 1,000 m'/d
is as follows:

Pump head, m Water Production Consumption, KWh/year Cost, Ksh

80 1,000 nt’/d 171,750 579,013

No pumping would be required for raw water transmission in Case 1 and case 2 when the water s taken
from the Rivers,

Staff Cosis
rStaff Costs” are considered to be common fo all alternatives, and therefore be distegarded for the evaluation.

(©  The least cost Solution

Present value is calautatod for comparative purposes by using two discount rates.  The least cost solution
does not change with the discount rate adopted, but this rate is likely to be a key element in caloulating cost of
water at the feasibility analysis stage.  The projct costs under cach altermative are presented in Appendix L.

The present value of investment and O/M costs for each alternative is summarised befow.
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(Costs in 1000 USS in 1977 prices)
- Casel Casc? Cased Caspd
Disoount rate 3% 37500 51,074 53311 46,106
Discount rate 5% 46,691 61,220 68,984 55,765

Case 1 is the least cost option.  This calis for water abstraction from Kibos/Awach without large
investments.  Future roquirements are met from the lake when the capacity of weirs is used up.  The
altamative selocted thus combines the low oost operating characteristics of river systerns with limited
mvestment requirements associated with the lake options.

As shown on the Table, the most preferable case is found to be the Alternative Case 1. This
Alternative Case 1 is adopted for the future water supply development plan. Water sources for
the Case 1 is as shown on Table 6-8.

Figures 6-2 and 6-3 show the flowchart for the selected alternative for Phase I and Phase 11

Table 6-8 Water Sources for Alternative Case 1
Phasc 1 Phase 11

Cascs Intake Capacity

Case 1

Total
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[ Figure 6 - 3
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6.1.5  Proposed Municipal Water Supply System

{n Outline of the Proposed Plan

Tablc 6-8 below presents an autline of the proposed long-term water supply development plan.

The tocations of the major water supply facilities proposed under the plan are shown in Figure 6-
4.

"Tabte 6-8 Outiine of Proposed Plan for Piped Water Supply System

iTEM 1997 | PHASE|PHASE I
Target Year i - 2005 2015
Total Population in the 363,157 | 526,195 | 869,166
Study Area
g:"f Population Scrved House Conncction Persons 13,018 | 272,346 | 531,784
Communal Tap | Persons | 211,438 | 142,184 | 158,844
Service Ratio % 61.8 78.8 79.5
Service Area km® 88.0 88.0 88.0
Water Demand Day Average m’/d 11,900 | 59,174 | 96,336
Day Maximum T | A | eseo | 105,970
Water Source Kibos {for Kajulu WTW) m>/d 1,500 3,000 3,000
[Lake Victoria 1 m¥a | 19000 | 27.000 | 69,500
Kibos (for Kibuye WTW) | m7d | - | 35600 | 35,600
Walcr Treatment Works
fﬁ Service Reservoirs Kibuye m’ 6,300 33,300 | 52,300
Kanyakﬁér o’ oL __5,000— ﬁﬁSF,ﬁ(TOW
Kogony T N L
3
Raw Walcr Trans, Mains 0200 mm - 0 960 mm km 0.6 20.6 21.0
Treated Water Trans. Mains! ¢ 150 mm - ¢ 550 mm km 16.0 352 352
Water Distribution Mains o 150 mm - 9 800 mm km 63.0 1124 1399
Service Mains o 80 mm - ¢ 100 mm km 49.0 3 611 |

* Water consumplion (Not wates demand)

N/A : Not Applicable
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6.1.5 Proposed Municipal Water Supply System
(N Oulline of the Proposed Plan

Table 6-8 below presents an outline of the proposed long-term waler supply development plan.

The Tocations of the major water supply facilitics proposed under the plan are showa in Figure 6-
4

FrEM 1997 ] i'lmsr Pm\l ]

Table 6-8 Outline of l’mp"scdj’_'=151_}‘!1!:__l’.ings‘_j..‘ﬁﬂtsrﬁ}mL)!.\:.§Fl.v_!_n_ ]

farbd Year

2(){)5 2015
Total Poputation in the | 363157 | 326,195 | 869,160
StudyArea SRS OSSN I S
Population Scrved Hnusn Connection Porsons 13,018 | 272,346 531 , 184
' 142,181 | 158,814

45307 G006
[Scrvice Ratio 788 | 795

Service Arca : T T k| s | w80 880
Water Demand  DayAverage . md 1ee0r | 59174 | 96,336

‘Day Maximum N/A 65,091 | 105,970

Lsoo | 3000 | o3ouo
19,000 | 27,000 | 69,3500

. 35,600 | 35,600

- 6,900 | 6,900
20300 | TAS06” | iS00
Ta00 #i.a(lmm 2,800
16,600 25,000 25,000
- | 0000 | w6000
| 180067 | 67800, | 107,800

Service Rescrvoirs - A‘Kibuyc ) .‘1‘).13 6,300 33,300 52 %l’)()

Walter Source Kibos (for Kajulu \VIW)
Laht, Victoria
I\lbm (fm Kibuye WTW)
fr\\\. h

Water Treatment Works ‘Kajulu
Lal-.c

"Kanyakwar - 5,000 8,000
‘Kogony 3,500 7,500
Kajulu 'J’(!() 1,400

[Raw Walcr Trans. Mains 0 20 nunt - 6 900 mm T k| ) k?:;il.‘(}u
Treated Water Trans, 7‘\71;1;{;;;770 liﬂﬂ\s ﬂu 530 mm Tk 350
Water Distribution Mains o 130 mm - a 800 mm ] 13499
[Scrvice Mains : T o 80 m_m_ o 10‘) mnI ﬁw*iin-l" T ST 611

* Water consumption (Not water demand)

NA  Not Applicable
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Figure 6-4 -
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{2) Major Works Planned for Phase I

Major works included in Phasc 1 and Phase 1l are described as follows and their outline are shown
in Figurcs 6-5 through 6-10:

a. Phase 1

+  Rechabilitation of the existing Kibos river intake for the Kajulu WTW which includes an
expansion of the intake capacity from the existing 1,500 m*/d to 3,000 m’/d.

«  Rehabilitation of the existing Kajuls water treatment works which inctudes an expansion of
the treatment capacily from the existing 1,400 m’/d to 2,800 m’/d.

¢ Rehabilitation of the existing Lake intake works for the Lake WTW which includes an
expansion of the intake capacity from the existing 19,000 m/d to 27,000 m’/d.

s  Rehabititation of the existing Lake water treatment works which includes an expansion of
the treatment capacity from the existing 16,600 m*/d to 25,000 m’/d.

e Construction of a new water intake on the Awach river with an intake capacity of 15,000

m’/d.

e Consiruction of a new water intake on the Kibos river with an intake capacity of 70,000
m/d.

¢  Construction of a new water treatment works at Kibuye (Kibuye WTW) with a treatment
capacity of 40,000 m’/d.

e  Construction of new raw waler transmission mains, 400 to 900 mm in diameier steel pipe
and 18.8 km in tota} length from the new water intakes on the Awach and Kibos rivers to the
Kibuye WTW.
e  Conslruction of a new raw water transmission main 450 mm in diameter steel pipe and
(% approximately 1.2 km in length from the Lake intake works to the Lake WIW,
e Construction of a 27,000 m’ distribution reservoir at Kibuye which will increase the total
reservoir capacity at this location from the existing 6,300 m’/d 10 33,300 m’/d.
»  Construction of a 700 m’ distribution reservoir at Kajulu.
e Construction of a 5,000 m’ distribution reservoir at Kanyakwar.
o Construction of a 3,500 m’® distribution reservoir at Kogony.
e Construction of a treated water transmission main 200 mm in diameter steel pipe and
approximately 3.6 km in length from the Kajulu WTW to the Kajulu Distribution Reservoir.
s  Construction of a treated water transmission main 550 mm in diameter and steel pipe
approximately 5.2 km in fength from the Lake WTW to the Kibuye Distribution Reservoir.
e  Construction of a treated water transmission main 400 mm in diameter steet pipe and
approximately 6.2 km in total length from the Kibuye distribution reservoir to Kogony
Distribution Reservoir,

«  Construction of a treated watet transmission main 350 mm in diameter stecl pipe and
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approximaiely 4.2 km in total length from the Kibuye distribution reservoir to Kanyakwar
Distribution Reservoir.

Construction of wastewater disposal facilitics in Nyalenda (Nyalenda WWD), which
comprise 4 units of wastewater lagoons and a sludge drying bed.

Construction of a wastewater disposal main 200 mm in diameter PVC pipc and
approximately 4 km in total length from the Kibuye WTW 1o the Nyalenda WWD.
Construction of trunk distribution mains, PVC pipes of 160 1o 315 mm and stecl pipes of
350 to 800 mm in diameter and approximately 49.4 km in total length.

Construction of secondary distribution mains PVC pipes of 63 to 100 mm in diameter and
approximately 330 km in total fength.

Phase 11

Expansion ef the imake capacity at the Lake intake works by 42,500 m%/d which increases
the total intake capacity of the works from 27,000 m’/d upon complction of Phase | 1o
69,500 mY/d.

Expansion of the trcatment capacity at the Kibuye WTW by 40,000 m’/d which increases
the total treatment capacity of the works from 40,000 m’/d upon completion of Phase I to
80,000 m*/d.

Construction of a new raw water transmission main 700 mm in diameter steel pipe and
approximately 6.4 km in total length from the Lake intake works to the Kibuye WTW.
Construction of a 19,000 m® distribution reservoir at Kibuye which increases the total
reservoir capacilty at this location from 33,300 m’ upon completion of Phase I to 52,300 m’,
Construction of a 3,000 m® distribution rcservoir at Kanyakwar which increase the total
1eservoir capacity at this location from 5,000 m* upon completion of Phase I to 8,000 m’.
Construction of a 4,000 m’ distribution reservoir at Kogony which increase the total
reservoir capacity at this location from 3,500 m3 upon completion of Phase I to 7,500 m’.
Construction of wastewater disposal facilitics in Nyalenda (Nyalenda WWD), which
comprise 4 units of wastewater lagoons and a sludge drying bed.

Construction of a wastewater disposal main 200 mm in diameter PVC pipe and
approximately 4 km in total fength from the Kibuye WTW to the Nyalenda WWD.
Consteuction of trunk distribution mains , PVC pipes of 160 mm to 315 mm and steel pipes
of 300 10 500 mm in diameter and approximaiely 27.5 km in total length.

Installation of sccondary distribution mains, PVC pipes of 63 and 110 mm in diameter and
approximately 232 km in total length.
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