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CHAPTER OHE

INTRODUCTION

The Republic of Kenya covers an area of 224,960
squa;e miles (582,646.4 square kilometres) . df this area
5, 171 square miles (13,393 eq xm.) is water or sﬁamp
.covered.l Aceordlng to re001ds kept of rainfall

reliability in Kenya,

"only 15p of the country can expect to
receive at least 30 inches (760 mm.) of
rainfall in every four out of Tive years".(2)

"ThlS shows that Kenya lacks water sufficient for domestic
and llvestock.requlremento for its apploXlF%te current |
population of 13 million. Kenya's population was groving
at the rate of 3.3% per year between 1962 and 1969 according
to the calculatlons at the 1969 census. t present its

- population is growing at tne rate of approximately 3 5%
.per year. Cdnsequenuly the Kenya government has 1n1tlated
through the Ministry of Water Development, a programme whose
aim is to provide enough water to cater for domestic and
livestock eonsumption through the systeﬁetic appl;cation

of water conservation measures for the whole country.

This can be done by conservation of water catchment areas
and.the development of groundwater resources, SO that the
requirements of the rapidly ekpanding populations of muﬂiCi-
palities, towns, and rural centres cen be met by developing

water supplies and sevage disposal systems.

In Kenya, the current average per capita rate of

Anilwr water nae is apvroximetely 40 litres. It is gstimate



that this daily per capita consumption will probably
increase to 160 litres by the year 2000. These estimates
are derived from calculationsg based on water conservation
éxPerience in the differsent typeé of schemes onerating

in Kénya.3 These .schemes embrace large tdwns and other
major municipalities, smaller urban.centres, fural centfes
and market_centreé. There afe twénty two (22) major towns
and smaller urban centres and rural and market centres

served by an organised water supply.

The féllowing class of water'supply'schemes in Kenya

- show the per capita consumption in liters per day:4

Class of Schemes Per capita Consumntion
in Litres per day

Nairobi, Mombasa, and other

major municipalities 126
Smalier urban centres 108 (for schemes
' ' operated by
the VWater
Department)
Rural Centres : | 67 " |

‘Market Centres 36 o

At present in Kenya, "a total of 952,500.of rural
and 1,337,500 of the urban pdpulation is served by a water
supply of one kind and anqther".S These‘estimaﬁes include:
"the population in low potential areas, that is, within
4 kilometres of an improved water source"6 as the estimates
"for 1972 show. The following table shdws the population
served by a water supply in 1972 by province, urban, and

rural areas:7



Table 1:

5

Population Served by a VWater Sunply-1972

. URELIT HURAL

Province Major ; Urban | Rural High Medium Low 5
Centre | Centre ICentre | Potential iFotentiali Potential

Central ’ . ' : ;
(including | 60,000 (105,400 | 41,000 193,500 | 18,000 g,000
Nairobi) ‘ | o - |
tyanza - | 45,700 | 7,500 15,000 | 87,500 | 25,000
Bastern - 19,000 | 24,000 - 38,500 19,500 (112,000 f
or th- | o
Eastern - ~ " 10,000 - - 21,000 !
Rift o . !
Valley - {122,400 | 32,000 1%7,0Q0 | 46,500 | 43,500
?oast il | . : %
including 1 = ;
ombasa) 286,000 - 30,000 27,500 28,000 ..)6,000 i
Western - 12,500 2,000 73,500 | ~ 2,500 - ;
Totals 886 ,000|305,000 [146,500 485,000 {202,000 245,500

About 10 per cent of the people of Kenya live in urban

arpas znd all of them have access to sare water supdLly,

lTIIt B!
Sahan At eha

the 90 per cent of the rural population 9 per cent (l e. 932,500

people) of them have access to piped water. &

10 million peovle in Kehya's rural

areas who have to draw

There are about

their water from natural supply points as they have no piped

water.,

Under the 1974-78 Development Plan the Kenya government
" hopes to spend more than £ 18. 6 mllllOP to cover new water

projects for the whole conntry
15.6 million to supply all families in Kenya
This is only a partial

Yo spend £

with piped water by A.D. 2000.

The government hopes

attempt to control rural-urban migration.of young reople

as there are many reasons for rural-urban migration.



By the end of 1976 the government will scrve
‘a total of % million families in Kenya with piped'
.water. The water development programme which will be
carried out in three phaees to cever the entire country
will comprise 83 new water projects tc be built at a cost
of £ 2.1 miilion for the.first phase, 34 water prejects
to be built at a cost of more than £ 4 miliion for the
secondvphase and 75 projects to be built'at'a coSt of

- £ 12.8 million for the third phase.

Tt was estimated that between July 1975 and 1978
two million-families will be supplled with piped water
‘and that this number will increase the total of families
supplied with water to 3 million by the year 1978. A
~total of £ 3.4 million would be spentl on rural water supply
alone and a total of mere than £ 1.3 million would be spent
in developing weter supplies for livestock throughout the'.

country.lo

Iﬁ'is estimated that a total of £ 145,000

- would be sﬁent on "Harambee" ("pull together" self—helpl
water projects, énd that e similar~ameunt viould be spent

‘in maintaining water supplies run by various'locél authorities
according to the Mwnlqtry of Water Development " Als the

Tana Rlver Water Progcct Wlll need a 1000 gallon reservoir
Wthh will be built at a cost of £ °Q,OOO. The Kandara
"Harambee" We.ler Scheme which is due to be completed this

year (1976) will cost K.£. 1.6 million and will supply

about 140,000 people in the Kandara Division.®t

he Sabaki River Water Plogect for Mombasa towvn in

the Coast Province, now under way will cost thc government



K.£. 28.5 million. This new project will ease the recurrent
water shortage experienced in Mombasa town when it is completed

to serve approximately 335,000 people in Mombasa Municipality.

The current Development Plan by the Ministry of Water
Development also plané to stért a seﬁage disposal scheme in the
urban areas in which it hopes to spend sligh¥ly over £7.5 million
| on behalf of Local Authbrities'during the current 1974-178
Development Plan.l? ’

There is also need in Kenya to conserve water through
dams and low water catchment particularly in dry areas in order to
beat frequent droughts, and the government has earmarked £ 2.5
million for this purpose. The Ministry of Water Development
18 also going to spend £& million to develop ranches in arid and
semi-arid areas for livestock development,l3 This is onlj a
partial atvempt to control rural-urban nigration of youﬁg peofle

as there are many reasons for rural-urban migration.

In Kenya, rufal—ufban migration'of young séhool-leavers
is creatiﬁg many prbblems in urban areas. These young peoplé go
to fhe urban «.eas for a better life. lThis creates need for
more water supply in the urban‘areas. Consequently the Ministry
of Water Development intends to‘spend £16 million to develop
water supply in the fural arcas to curb rural-urban migration

of young school-leavers.

As a result of the great need foriwater supply all
over the Republic of Kenya there afe many selféhelp water

. projects geing on in various parts of the country, and the



¢
Ministry of Water Devcippment is giving them free
technical advice. Thus the "Hara mbﬁe" ("pull together")
self-help water projects together with government assistance-
will make it possible for everyoné to get piped water

by the year A.D. 2000.

However, some of the self-helr water projects are

not successful'because the pcople concerned do not have thé
‘technical know-how to manage their projects. TLack of trained
personnel to operete water supplies and sewerage in the
existing treatmernt plants is a problem facing the nation.
Lack of trained'personncj 18 now morc serious as the
igovernmonu tries to expand water Supply and seware schemes

to cover the entire countrJ For example by the end of

1975 there were only 35 qualified African engineers and
voleRYUEnTLY The government ig Still relying on a handful

of expatriates in supervisory positloné. There is need for
more industrial'science subjects in schools rather than
industrial ért~subjeéts. 'For;example in the field of

ater and sewage development, operation and maintenance

there is need for more engineers, geomorphologists hydro-
1ogists ¢limatologists, geolovists- chemlsus, biologists,
phy8101sus and other scientists in order that vork pertaining

to operatlon and maintenance may be carried out efficiently.

It is important to note here that in order that a
country may realize its nationallgoal of supplyihg its
entire population with'adequate supply of piped water it is
nct necessary only to have adequate funds for this purpose,

but more important is the fact ﬁhat'the country must have



u certain amount of naztural water resources to supply the
_entiré population with waler. Also of course, maférials
and eqﬁipment necessary for operation and maintenance, 2nd
processing water must be ayéila’lé along with the technical
Xnow-how which goes with the entire process of operation

and maintenance of water and sewage plants.

it is therefore necessary that Kenya's natural
water resources be shown in this report so that future
programmes of water development and supply may utilize
these resources in the best wa) possiblé to-supply the
population with the needed piped weter. I now turn to

Chapter two to show the existing water resources in Kerya.
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CHAPT=Z TVWO

NATURAL WATZR RESOURCES

As I pointed out in Chapter cne, vater covers about
2.37% of Kenya tofal surfzce area. Thus 5,171 sduare
miles (13,393 souare kilomeires) of land is water 6r sviamp”
'cdvered. Kenya; thercfore, has 219,783 square milés
(569,253.5 squére kilemetres) of dry land, and 2/3 of

. . . ) . 1
this dry land is either semi-desert or desersy.:

Climate

The source of all water in Kenya is precipitation
which is mazde possible ty ILake Vietoria, Indian Ocean

and Relief.2 Ojany points out theat:

)

"the Highlands, Western Kenya, and
the Southern ccastz2l belt are the
wettest parte of Kenya, whereeas the
Rift Valley floor and the vast
northern plainlands between the Kenya
Highlands and the Ethiopian massif
are relatively dry". (3)

Kenya has an average annual rainfall of 380 mm.

4

~as compared to the world mean annual average of 650 mm.

. The following table shows the aerial distribution of rainfall

over Kenya:5
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Table 2: Aerial Distritution of Rainfall over Kenva

Rainfall in Area in Sq.Km. Percentage Accuniulatag
millimetres ‘ ' of Total Percentar:ze
' ' Areca

Less than 255 157,600 ’ 27.0 27.0

255 ~ 510 | 209,000 35.9 | 62.9

510 - 760 105,800 18.1 81.0

760 -1015 48,700 8.4 89.4
1015 -1270 28,500 4.9 94.3%
1270 -1525 ‘ 19,400 3.3 97.6
1525 1780 . 9,600 1.6 99.2
1780 ~2030 3,900 | 0.7 99.9
Over 2030 | 500 0.1 100.0

Kenya's temperatures are low in many places due to
altitude. Above 3000 metres uighi frosil is found and there
is snow in altitudes, above’SOOO metres. Arid and semi—
arid low lying plains are the hottest areas with‘temperatures
of about 38°C during the day and 20°¢ during the night. The

Rift Valley has the greatest diurnal ranges (1600).6

Some recorded data on evaporation in some 49 stations
in Kenya show that the Rift Valley has the highest losses
of water through evaporation as noted by Ojany. fhe record
shows this to be 4060 mm in some places in the Rift Valley
and in fhe dry northern ﬁlainlands the loss through evaporation
is between'2790 and 4060 mm.7' The coastal areas of Kenya
which have a high humidity of 80% have low evaporation.
The International Standard"Class A" pans are used by the

statione that record evanoration.
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The annuzl rainfall over some selected stations in
Kenya shows' that: Nairobi has a maximum of 62 inches
(1570 mm.), a minimum of 17 inches (437 mm.), and a mean of
"35 inches (879 mm.); Mombasa‘has-a maximum of 74 inches
(1887 mm.), a minimum of 26 inches (709 mm.), and a mean of
47 inches (1204 mm.); ‘Nyeri has a maximum of 52 inches
(1321'mm.), a minimum of 18 inches (460 mm.), and a
" mean of 36 inches (922 mm.); Kisumu has a maximum of 74
~ inches (1884 mm.), a minimum of 37 inches (942 mm, ), and
~a mean of 50 incheé (1278 mm.).8 The average number éf
rainy days in Nairobi, Mombasa, Nyeri and Kisumu are

120, 145, 100 and 139 per year réSpectively.

Annual temperatures over some selected stations

in Degrees Centigrade show the following:9

Table 3:
Station Height in |Absolute| Mean Mean Absolute
Metres Maximum [(Maximun [Minimum Minimum

Mombasa, 16 35.6 30.1 23.4 18.9
Kisumu 1146 36.9 29.4 17.1 11.0
?airobi |

Metcoro- .

W ogical 1798 i 29.7 23.4 11.6 2.5
Has. ) ’

Also the mean annual rainfall and the mean annual

,évaporation for some selected stations show the following:lo




Station Latitude Longitude Altitude Mean Annual 'Mean Annual
R : Rainfall Zvaroration
) K ol inch. mm. inch. mm
Mombasa 0 O o : z =
Airport 4702'S 39 ?7‘~E 180 55 41.5 1053.7 86.7 2205
hoi™ 0°06'S 34°45'E 1254 782  |50.8 1288.6 | 83.1 2018 -

Source:

Water Development Departmenti, 1968

AN



Main Kenya Rivers 11

Rivers Length : Basin Area . ' Remarks
Tana 440 miles (708 km.) A 24,000 sg.miles (62,160 Km.z)
Athi-Galana- . . 5.
Sabaki 340 miles (547 ¥m.). 17,000 sqc.miles (44,029 Km.“)
Mara 180 miles (29C Xm. ; 3,000 sq.miles ( 7,770 Xm.”) | Helf of it is
- _ § in Tanzania
Yzoia 160 miles {258 Km.) ; 5,000 sq.miles (12,950 Km.%)
Suem-Turkwell 220 miles (354 Km.) ! 8,000 sq.miles (20,720 Km.2) 50 miles)
: . ’ (145 Knm
_ ; . . perennial
BEwaso-Ngiro - 330 miles (531 Km.) ° o 22,000 sg.miles (56,980 Km.z) 18C miles
(North% : ; ' (2¢0 Hm.)
pereniial
Fwaso-Ngiro 85 miles (137 Xm.) i 2,000 sq.miles ( 5,180 Km.z) 60 miles
(Southg i (27 ¥m.)
4 ! . : ‘ ~peremmieal -
Kerio 220 miles (354 Km.) i 2,500 sq.miles ( 6,475 Km.2).| 70 miles
: : (113 Xm.)
. 3 perennial
Yala 110 miles (177 Km.) i 1,000 sq.miles ( 2,590 Km.2)
M : 2 o
Sondu/Miriu 68 miles (109 Xm.) © 2,000 sq.miles ( 5,180 Km. )| called Sondu/
. . . : . miriu by the
Tuo,Xipscnol
v . . by the Lipsi-
Xuja 55 miles ( 89 Km.) : 2,000 sq.miles ( 5,180 XKm.2)| &°
Melawa " 67 miles {108 Km.) g 3,000 sg.miies { 778 Km.z)
s 130 miles (209 Xm.) 2,200 ro.wiles { 5,230 Km.®)| 50 miles (30 |
i ; S Km.) peronnials

ro—— e caa —— - -
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anle 4: Kenya Takes
~alke Area Length « Width Average Depth Height ovar MSL
Sg.miles| Xm." Miles Xm. Miles Xn. Feet M Feet M
Jxictoria 26418 [ 67493 175 282 - 140 25 150 46 3720 1134
K:nya portion) : 3785 .
Hadolf 2473 6405 154 247 20 22 - - 1230 372
Earingo 50 1729 11 18 4.5 6.5 17 5 3200 75
Magadi 40_| 104 16 26 2.5 4 - - 1900 579
Hnivasha 44-74ﬁi4—191 10 16 - 5 3 11 3 6150 1875
Miboseli 0-44 |0-114 0-13 |0-21 0-6 | 0-10 " 0-2 0-0.6 3000 1188
_ seasenal)’
Jipe 15 39 7.5 11.8 2 o - - 2300 701
Hanuington 13 34 12 19 1.25 i - - 5200 975
Hakuru 2-12 | 5-=31 1-5 2-8 1-2.5 |1.6-2 2 0.6 5765 1757
3 +asonal) .
imenteita 7 18 4.5 | 6.8 1.5 | 2.4% - - 5850 1783
a1 Mt. Kenya)
Honnel 0.03 0.08 0.25 0.4 0.12. 0. - - 13760 4194

* Except Lake Victoria, the above lakes are found in the flror of the Rift Valley.
in the floor of the Rift Valley are lakes Logibi and Xwe.:a.

Also

vt



The following are the total

surface water resources of

Kenya: =~
Drainage River Mean Annual Run-off
Area Cubic M
yards
(millions) |(millions) .
Lake Victoria ~Nzoia 2511 1920
| Yala 1263 966
Nyando 654 500
Sondu 1616 1236
Kuja-Migori 1138 . 870
- Others 2354 1800
Sub-total _.95%6 7282
Rif%t Valley .Melawa 242 . 185
Gilgil 36 28
Molo 5L 39
Per Kerra 165 126
Others 56% 432
Sub-total 1059 810
-Athi River Athi 980 749
Tsavo 180 138
" Njoro-Lumi 383 293
) Springs :
Others 150 115
Sub-total 1713 1295
Tana River Taha—Garissa 6148 ‘47OOL
.Ewaso Ngiro Ewaso~-Ngiro ' _
: Archers S
('Post)r 957 739 -
KENYA GRAND TOTAL 19425 14836

Source:

'Director of Water Development, 1968.
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. In Kenya, windspeeds average about 160 km/day at
. ’ P 23
ground level, but at higher elevations the windspeeds

may reach 300-350 km.

It is important to note that more than 80%.of Kenya's
~ streams are seascnal in their flow. Iake Victoria is the
best reservoir in East Afriba, and "its immediate adjoining
areas in Kenya receive regular and emple rainfall". 14 Thus

" it is this lake shore area Wthh has perennial streams and
1ts dry season flow is about 10 cusecs. The waters of
Kenyan lakes are too ua11ne for domestic use. The exce pulon

‘4o this are Iakes Baringo and Naivasha.

The Tana river is also an important surface water
lfesourcé, next to Lake Victoria, but it has a very high
‘evaporation rate v;ich reduces its value as a water resource.
It'éhould be pointed'out here that Kenya is not rich in
‘surface water resources according to what has been stated

above.

Rate of Evavoration

" In Kenya, evaporation frdm open water surfaces
is nearly half of the total rainfall in some places. The
Viater Department cstimates that below 1000 feet (300 m.)
" it is more than 100 inches (2540 mm) and that above 10,000
" feet (3000 m.) it is about 50 ihches (1270 mm).15
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Groundwater Resnurces

Kenya has a considerabie amoﬁnt of ground water
\Wthh makes np for the deficiency in 'iis surLace water.
However, much of this ground water is undoveloped eyccpt in
gome areas "around Nairobi where some conservation meauupes
have been taken".l6 This ground water ofiginates‘primarily
from rainfall which gets into the ground'and which can be

recovered from boreholes.

' From studles done in Kenya it is recerded that the
' flrst borehold drllllngs were done in 1928 and that Today
"there are some 4000 borcholes. 17 Ogany points out that

outside the Rift Valley,

"Triassic,Jurassic, and the Cretaceous
zones form areas in which the parameters
are suitable for plenty of ground water
storage.

"He pointis out that:

"aqulfers are numerous and water quality
is good". (18)

In Kenya the water table which is deeper th?n in
other parts of Afriéa is reached at an a&erage depth of
260 feet {80 m.) below the surface. This grounawater is -
what Kenya's rural water supply depends on and as such the
first borehole was drilled in'1927—28,_and in 1967, 410 wells
and protected springs were bﬁilt. By the end of 1967 there‘

were 3627 boreholes in Kenya.
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. Groundwater Quality

. According to studies based on 1000 boreholes and
wells, and 7,000 water chemistry analyses in Kenya, on the
whole it has been_shown that Kenya's greundwater resources

are of gnod quali‘cjr.l9

Groundwater quallty in Kenya depends upon hydro-
.geochemlcal factors which affect the chemical quallty of

the water. Four broad groundwater zones have been demarcated
in Kenya’for tne purpose of planning and development of
.water resources. Zone 1 has Bicarbonate, Carbonate, and
Silica as the more important solids in the water and the.
total dissolved solids range to 1,000 ppm.?0 It is noted
that except for the high fluoride and silica content the
greundwater resources in this zone are of good quality

and suitable for most domesfic and industrial purposes,

Zone II Has,high concentrations of Magnesium,40alciun and -
bicarbonate in, the groundwater , and this gives rise to

" hard water with a total dissolved solids coneentration ef

up to 5,000 ppm. It is noted that the total dissolved

" 8o0lids in this zone may be quite acceptable for stocy rearing
~and other uses, although 1t is de31rab1e to reduce the con-—

centratlons of salts and 81llca in thls water.

Zone III has groandwater with hlgh salt content, W1t~
" total dloSOlV“d solids ranging to 8,000 ppm. This 1s»due'
to the high chloride content (and possibly sodium and.petae
ssium). In this zone, pockets of good qualit& water are

available, but for most uses this water is unsuitable.
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"Zone IV haé groundwa{er which is quite hard and
.saline in nature due to the influencc'of sone of the marine
‘sediments in which this water occurs as well as the
adjoining sea water (Iﬁdian Ocean). In this zone there
are high concentratioﬁs of chlorides (possibly Sodium
and Potassium) Mzgnesium, Calcium, Bicarbonate and Sulphate.
1% is noted that these concentrations may be acceptable
for some stock rearing purposes. The total dissolved.

solids concentration of water in thic zone is well ahove

8,000 ppm.

Kenya Rivers as Power Potentials

Kenya vivers are a greal poiential as a source for
hydroelectric power, and at preseni they are Kenya's best
source for power. There are a number of hydroelectric
power schemes in Kenya, and the following table showé the

river sources and the localities of the schemes:21
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-Table 5: Summary of Existirg Hyvdro-Eleciric Power Sitotions
River  |Locality of Available Minimum Output
Schene : Head Flow (Kws.)
' (metres) |(cusocs)
Maragua resco, 40 1.4 580
Maragua Wenjii 68 1.7 2,000
Mathioya Wanjii 110 2.5 5,400
Maragua Tana 73 | 1.7 6,400
‘| Tana Tana 54 4.5 8,000
Sagana Sagana Falls . 37 1.1 1,500
Thika Nduvla 29 2.0 2,250
Liki anyulci 26 0.1 100
Sosiani Sa2lby Falls 43 0.04 3560
Kuja Hacalder lMines 24 ' 0.8 - 900
Tana rindarwna 36 15 4C,0C0

The above hycdroelectric power sources will be very
useful in the construction of water supply and sewage
plants and also in their operation and maintenance wherever

they will be built in Kenya.

"Kenya's Forests

' Afforestation is very useful for wafér‘consgrvatidh.
Unfortunately Kenya's foresﬁs cover oniy 5.2% of the total_'
land surface. As such there is need fbr afforestation, ana
the Kenya government at'present has a policy of increasing '
this foreét area by an additidnal'GO sq. km. of eXotib

trees per year in order to realize this ohjective.
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CHAPTZ2 THREE

POLITICAL IVFADIRSHIP

Political ideology of a country is crucial in
matfers pertaining to development of all types at national
as well as at the éommunity or local level. Although this
report is concerncd only with the aspect of development
which pertains to "socio-economic conditions which pertain
to costl of consiruction and oporation of watex andISOWagc
treatment facilitics and quantity of water consumption in
Kénya", with a view to determine the nost appropriate and
cost effective water supply and wasic water facilities fo»
developing countries, the political ideology of a countr)

is an all embracing factor for all types of development,

e
aevelonmeEnt,

heecange it ie the driving froca hehind =211
especially at tre national level. Hence a word about the
political ideology of Kenya as it affects social, political

and economic development of Kenya is appropriate.

The Kenyan political ideology in the arena of
economic development is that of "mixed economy" as is stated
in the Republic of Kenya Sessional Paper No. 10 on "African
Socialism". By'"mixed economy" is meant that the government
collaborates with individual entreprencurs in bringing about
some kind of economic development. For example the government
can give loans io individuals Who want to establish some
business of their own choosing or who want to buy and develop
some farm, or who want to form a cooverative of some commercial
nature. This "mixed economy" i3 encouraged within the

framework of a capitalist mode of development. This idea of
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mixed econony has been extonded to embrace "self-help"

or "Harambee" (pull-to-gether) activities waich people

engage in especially in the rural arsas to facilitiate

social and economic development in areas of Kenya where
individual effort and initiative are not enough %o create the
desired objectives. Vhen individvals in a particular corxmunity
in Kenya initiate a "gelf-help" devclopmeht project wnich

is of social and ocoﬁomic value to the entire community

using their own meagre resources i% is possible for tne
government to come in at a later stage to assist such
individuals financially so thai the project‘may be completed.
When this is done the total cost pertaining to the individual"
toward the total cost of the project under consideration is
approeiably reduced. The government also does nct svend

. the money on the project doing it alone without the

collaboration of the commpunity. Thus costs are reduced

both Tor the community  and the government.

Community Activities

It should be noted here that due to “"Harambee"
gelf-help spnirit stated above, encouraged by the government,
;in 1967 alone over 3,600 community facilities were.completed
among which were 1}9 piped water suppliés which were installed
ahd 410 weils and pfotected springs which were buil*t.l
It is significant also to note that during 1967 alone
"people's contribution to self-help activities in terms of
labour, cash and materials" was approximately‘K.£ 2 million

2 The Kandara

and in 1970 the amount had risen te £ 8,500,000.
"Harambee" Water Scheme which will be completed this year

(1976) and which will cost K.£ 1;6 million and suoply arout

-
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140,000 ﬁcople in Kandara Division also bas been mentioned

- elsewhere in this report. It is estimated that the "Havambee
self—help projects which included Kenya's Institutes of
Technology, water projects and busineés acfivities in rural

areas amounted to ever K.shs. 300 million by 1475.

- More important is to note the fact that in 1967 in

i collaboration between the government and the local pedple,
;in self-help projecls the government assisted in supplying

| only 6% of the capital. The remaining 94% of the total
effort was contributed by the local people,3 Thus the
“Harambee”‘self-hclp programrmas in Kenya are very significant
in creating facilities'of'all fypes including water and

sewage for people's use.

Phe "Harambee" self-he¢lp progremmes in Kenya are the
anélogue of socialist mode of development in Tanzania where
rural development based on "ujamaa' ("Pamilyhood") villages
is encouraged so that through self-help reliance people
engagé in agricultural activities,_build roads, health
centres, and primary and secondary schools and al%o
partlclpate in rural watel supply programmes But even in
'Tanzanla where a strlct communal mode of development based
on self-reliance is followed 1t is necessary for the government
to assist local pecple in their social and economic developmnnt
byvsupplying them with the necessary capital and money.

For example it is estimated that in Tanzania from the year
1969 to 1974 the govermment spent half a billion shillings
in the development of "ujamaa" villages.4 For example

the Upper Kitete ujamaa village received shiliings 5C0, 000
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=

075 in order to help it overcome a serious financial

crisis.5
_If is important to point 6ut‘here.that a political
ideology which engourages self-help programmes of
develovnent in the socizl and economic fields, coupled with
governmenti subsidy and technical advice and help can do a
lot to reduce the coste involved in such develepmenits. Also
a stable political leadership is neccssary rfor such programmes
to succecd. If political leadership at national and ]o
level is unstable and if as such it 8093 not altract th°
allegiance of the populace a governmcnt would find it
extremely difficult to marshall both the natural and human
resources necessary for development in all fields. At
present kKenya ana ianzanlia are lucky as they are politically
s}abie. But they still havo.obstaclcs to development in
1ittle capital and inadeqﬁate.trained manpower to develop
“the exis%ing natural resources and thus.bring about desired
social and economic development. There are also many other
socio-economic conditions in a developing country such as
Kenya, which despite a favourable political ideolbgy and a
stable government and political leadership, make it difficult
for the country to °uley its populace W1th adequate and
necessary fa0111t1es for development such as water supply

and sewgge and waste water disposal.

In view of what has been stated above, it is now in
order to discuss the aemogr :phic and socio-economic and

socio-cultural factors which pertain to cost of construction

and operation of water and sewage treatment facilities and
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quantify of water consumption ir Kenya. Thesc dembgraphic
and socio-economic and socio—cultﬁral factors are analysed
in Chapter four within the framevork of demographic. and
technologicdl, socic-ecconomic, process, operational and
facility construction cost factors at both national and
local (cormunity) level. Kisumu, Mombasa and lyeri towns
are the local commmities studied wherc water supply and
sewage treatment facilities are found. This report shows
how the various Tactors enumerated above are interrelated
in the management of water supply and sevage treatment
fécilities in order to serve the communities which use

such facilities.
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CHAPTER TFOUR

THE DEMOGRAPIHIIC AND SOCTO-ECONOMIC AND
SOCIO-CULTURAL FACTORS

Demographic and Tacrnolcogical Fuctors (see Appendix A)

Any organized plan for the establishment of watler
supply énd sewage for a community must consider estimates
fpr the demand and for water supply and sewerage to include
future.projections of annual pecpulation growth rate, life
ekpectancy'of the population in years, birth rate of the
population and infant mortality rate per 1,000 population,
survival rate, that is, the percentage oi inhabitants |
éxPected to survive during any given year, the percentage
of cmiurants or the noveentasa of the total namnlation thaw
leave the arca and begin to live in another community or
country each year, percentage of immigrants, or the percentage
.ef the total population that have just arrived to live in
:the comhunity-or country on a permanent basis each year,

- calories intake per day per person; and the level of water

and sewage treatment technology development in the country.

The above factors are necessary for a reasonable
estimate of the auount of water supply needed and

. .the amount of sewvage treatment facilities necessary.

DEMOGRAPHIC FACTORS

Population

- At present Kenya's population is approximately 13

million. Of this number approximately 1.3 million live
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in urban areas and have access to piped vater and sewage
treatment facilities. Approximately 11.7 million people
_live in the rural areas and of this number only 1 million

(approximately) people have access to piped water.

Annual Ponulaiion Growth Rate

The annual ﬁopulation gfowth rate in Kenya according
4o the last census in 1969 is 3.%%. Tt is believed that the .
annual growth rate since 1969 fo the present may be higher
probably 3.5%.  This factor of growth rate must be considered
seriously.in plénning for adeguate per capita daily water
demand espécially in towns wkere there are pobulations which
dépend on piped water supply. The average annual rate of
W onns o vt nnn
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and 1969.1

.Life Expectancy of Population

At the time of the 1962 Census, Kenya had & life
.éxPectancy at birth of 40 to 45.years and at the 1969 census
the life expectancy had risen to 47 years for males and 51
‘for females.2 In 1972 1ife'expectancy in Kenya was 57.2
years., It is significanf fo.note that life ékpectancy depends
on the incidence ofzdeath or ﬁortality rate which differs
from one ecological area or cqndition to another. Thus

since Kenya has a variety of ecological areas'it.is reasonable
to state that death rates would vary from regioh to region
and as such infant mortality rates'would also diffe;

from region to region, and 1ifé expectancy would also differ

from region to region. However, the figures given above



are the average for the whole country.

Kenya has 8 provinces each of which shows a slightly

different‘mortality and life expectancy levels from

the_dthers as i‘ollows:3
Table 6
s Mortality Mortalit Life

Province Levels Expectancy Levels [sxpectancy
Coast 16 7 17.5 61.5 |
North Eastern 11.5 .0 14.9 50.8 :
Nairobi 18.5 .8 20.0 68.3 |
Central 15.5 .6 17.0 60.3 :
Rift Valley 12.0 o5 13.5 2.0
Vestern 13.0 .0 14.5 54.4
Nyanza 14.0 0 15.5 56.7
Kenya .5 ' 57.2
Birth Rate

According to the 1969 census the éverage number of

new born per year per 1000 population in Kenya was 50.
Again, the differential crude birth rates by Kenya's |

provinces were as follows:
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Table 7:
Province Crude Birth

. : Rate
Nairobi . 40.8
Central . T R 51.0
Coast | C 42.2

| Eastern . A4 .4
North-Eastern . 41.0°
Nyanza - 52.5
Rift Valley | 44.2
Western ' ' ' 54.2

Infant Mortality

,Estimates of infant mortaiity rates pexr 1000
population cach yecar show according to the 1969 census that
. infant moruallty rate in Xenya for maleu was 126 and for
females it was 112. Therefore for both male and female'
}the infant mortality rate was 238 for Kenya as a whole

Infant mortallty rates for the different provinces 1n Kenya

. were as follows.5

Table 8:
Province Infant Mortality

. _ .Males i Females

L Nairobi ) 79 . 62
Central - 66
Coast L 152 1 136
Fastern - F 115 . 100
North Eastern | 121 107
Nyanza : 183 . 168
Rift Valley Co9s | T
Western : 150 1%
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Survival Rate

According to the 1969 census Kenya's deafh ratle
was 17 per'thousand.pqpulation per year for the period
immediately preceding the census. .This iS'believed to be
the current death rate in Kenya. Therefore, the.survival |
fafe per thousand population per year in Kenya is 983

rersons. This gives a percentage of 98.3.

The mortality indicated here is high but it is
declining in Kenya. HMedical science and general health
measures have helpnd a lot in the prevention and treatment
of dlseases which are respon51ble for P1111ng people. -
Improved social and ‘economic condltlons Wthh have
reosultcd in appreciatle economic development alce accoun%

for the declining death rate.

Migration

Recorded flgures on arrivals and departures in and
out of Kenya on a permanent basls, show the fOllOWlng
from 1968 to 1975 '(It is regretted that local flgures
-on such permanent arrivals and departures are not avallable

for nearly all places except the few major towns such as

Nairobi and Mombasa) 6



table 9:
Year Permanent Percentagé of Permanent Percentage nf !
: Immigrants Total Emigrants Total
' Population Population
1968 16,973 . 0.15 11,497 0.01
1969 19,082 0.17 12,526 0.01
1970 19,879 0.18 14,020 0.13
1971 1,421 0.01 15,840 0.14
1972 600 0.005 12,100 ©.0.11
1973 4,600 0.04 14,000 0.13 .
1974 6,000 0.05 13,600 0.12
1975 4,800 0.04 20,990 0.16

The a#erage annual growth rate of Kenyan towns (3.89%)
"has alreadylbpen stated elsewhere in this report This
growin rate is due to natural 1ncrease as well as mlgratlon '

into these town

Calories Intake Per Person Per Day

The ideal calorie intake. pef person-per,day denénds

upon the type of work or act1v1ty that ?n 1nd1v1dua1 engages

in, Of course, the amount and type,;f food that a person
eats must be taken account of 1f he has to satlsfy the
minimum requlrements of calorle 1ntake for the type of worx
.he does or the klnd of act1v1ty he normally engages in

everyday..

The normal (scientific)'energy requirements during
various activities as pertain to individuals per minute

7

are as follows:



iight Work
ilo-calories
ner minutie

Moderately Heavy Work

Kilo-calories

Heavy Work
Kilo-calories

Very Heavy VWork

Xilo-calories

Der ninute rer minute per minute
2.5 - 4.9 5.0 - 7.4 7.5 - 9.9 Over 10
anples: Examples: Examplies: Examnles:

Light industrial
and domestic .work

Gyrnestics
Tile laying
Painting

Tending agri-
cultural
macnines

Driving goods
. vehicles

LS5

Playing éolf
, Bowling

1. Farm work

. Marching with pack
. Balroom dancing

2
3
"4. Playing tennis
5

. Cycling

1. Mine working
2. Piaying football

. Felling trees

1
2. Steel making
3

. Swimmin
(crawl

4. Climbing

¢e
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- According to the above international standards
a person doing 1ight work needs a minimum of 5500
‘calofieé per day, for moderately heavy work he needs
ca minimum of 7200 calories per day; for heévy work he
needs a minimﬁm of 106,800 calories per 4ay; and for &ery
heavy work he needs a minimum of 14,400 calories per day.
The average per capita calorie intake pefiday for Kenyans
.is 2200 calories, according to the United Nations Food
and Agriculture Orgaenisation. In 1962 and in 1965 and 1965,
studics of consumption of calories were done in Kenya in
8 different areas. The per capita calorie consumpticn per
day in each plaée was as folloﬁs: Ngamwa 1727, Gitugi 19331

’

Thururu 1558, West Koguta 1487, Masumbi 2485, Ithiumi
8

1426, MNyazmi 2265, Pundeni 37920. These figured giva
an average per capita calorie intéke of 1834. This is an
average of 8 differeﬁt localities only; It seems to the
author that the work that Kenyans do vhich has to do with
‘construction gnd operation and haintenance of water.suﬁply
and.sewage treatment facilities and ail other relevant
duties connecited with this type of work would require

more per capita calorie intake per day than the average
daily per capita calorie intake of Kenyans as stated
above. The average per capita daily calorie intake for
Kenyans is 2200, yet all those activities and types of vork
shown above (which fall within the spheres of activities

of many Kenyans) require between 3600-14,400 calorie

consumption per day per pérson.
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[ )
Level of Water and Sewage Treatment Technology Develozment
; in Kenva

In Kenya approximately 2.4 million people today
(1976) have access to piped water supply to their houses.
0f these people approximately 1.3 million live in urban
areas where they definitely have piped watcr supply to theiri
houses. The rest of the people who have piped water supply
1ive in rural areas and they number approximately 1.053 .
million, that is 9 per cent of.the total rural ponulaiion.
0f these people in the rural areas wWho hévq piped water

supply the majority have central village or street pump.

" According to the above figures, 18.5 per cent of
' ¥enya's population have access to piped water supply vhick
includes piped water supply to houses and central village

or street pump.

The cqﬁtrél village or stréet pump type of water
is utilized by approximately 8.1 per cent of the total
vopulation and piped water to houses is used by about
lolper cent of the total population who aiso use sewvage

'treatment facilities.

About 77% of Kenya's population(10 million people)
draw their water from natural supply points since they have
no piﬁéd water supply; These people also have no sewage
treatment facilities. It is very difficult to estimate the
percentage of.people using the sewvage collection éystem which
is found mainly in the urban areas. The percentage is very

_small,almost negligible.
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I visited three different sitec in Kenya to.see
the 1e§el ~f water anéd sewsgc treatment technology deveclopment
in these sites. According to the respendents in all these
three sites, the level of tecﬁnology zdvancement cf water
and sewagé treatment Tacilities was simply a transfer cf
a process that had been successful elsewhere., This obser-
vation was true of Mombasa, Kisumu and Nyeri water and
SGWage‘treatment plants. For the Kisumu plant it was alsc
stated that it is a.unique process developed especially Tor
the characteristics of this site (to be explaired further
b.low). For the Nyeri plant it was also noted that it is
an adaptatioﬁ of anéther process but altered to be mors
suited to local characteristics (to be explained further
| bé].nw) .
‘ Concern%;g;quaiity of project for research the
,Kisumu water aﬁd sewage treatment plant respondent nofed
that the plant treatment is an important feature for the
local people but not significant to overall development
of the country (to be explained further below). The Nyeri
water and sewage treatment plant respondent also noted the
'sa@e thing as the Kisumu respondent. The Mombasa‘@ater and
sewage plant noted that it is a breakthrough for enhancing

_the development of Kenya (to be explained further telow).

Population Projection for Kenva

A% the 1969 census when people were enumerated
since the last census of 1962, it was noted‘fhat the crude

birih rate was 50 per thousand, and the crude death rate
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of 33 per thousand which is 3.3 per cent per annum.

The present population prqjection for Kenya assumes
| that thore will be '"no change from 1969 fertility up to
1975" and that there will be "no change in age specific
fértility rates through 1980"; and secondly, that there
will be "a steady decline in mortality leading to a rise
in life expectarcy at birth for both sexes from 49 years
“in 1969 to 53 years in 1980" and that there will be a
"decline in age specific fertility rates 1§ading to a

fall in total fertility raté from 7.6 in 1969 to 6.9.in
11980 and 4.0 in the year 2000".7

According to the above assumptions regarding
'fertility trend it is estimated that Kenya's population
will "rise from approXimately 11 million in 1970 to 34
million in the year 2000“.101f total fertility is reduced
"to half the 1969 level Kenya's population will exceed |

28 million by the year 2000.

If a low growth projection is assumed, it is
estimated that "population aged 15 to 59 will increase from
about 3.8 million in 1960 to 10.7 million" by the year

2000.11

Using the two assumptions above regarding no
change in fertility, and a decline in mortality and age
~specific fertility, Kenya's population projection for the

years 1970 to 1980 snows the following:12
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Year Population
1970 11,247,000 -
1974 13,413,000
11980 16,05%,000
*¥2000 28,000,000

Similarly Kenya population projecticn ueing

the assumptions cited above shov the following in 5 year

intervals:l3
Tabie 10
Yezar Total Fertility Rate Total Population’
No Chienge | Decliue in o chenge | Decline iu
in ferti- age specific in ferti- age specific
lity rate fertility lity rate fertility
rate rate
1970 - - 11,247,000 | 11,247,000
1975 - - 13%,41%,000 | 13,413,000
11980 - 6.9 16,053,000 | 15,877,000
11985 - 6.2 19,310,000 | 18,635,000
1990 - 5.4 23,302,000 | 21,617,000
1995 - 4.7 28,213,000 24,795,000
2000 - 4.0 34,286,000 | 28,131,000

-

Using the above population projection figures and

‘assuming that the current average daily per capita water

consumption is a maximum of 20 gallons (90 litres) - a

figure which is calculated to be the maXimum average deily

ﬁer carpita water consuvmpiion in Kenya by the Water

Apportionment Board - then the following is the total

daily water consumption demand for the years stated abeve
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for the population that has access to piped water supply,
assuming 1o change in fertility and mortality rates

(see next page).

- It shovld be noted in Table 11 that the total
daily water conguvmptlion in evexy respective year is based
on the assumption that 9 per cent of the total rural
‘population will have access to piped watér supply and that
10 per cent of henya'c population i each respective yecar
will live in urban areas and that all of thcm will have
access 1o piped water. (Kote that this is the'currenu
préportion of Tural to urban population in Kenya: 10%

urban and 90% rural).

Another imporfant aspect of water consumption
in Kenya's ten year plan and thereafter is to provide
everybody (both rural ‘and urban) with water by the year
2000. Note from Table 10 that by that year Kenya's
populatlon will be apploleately 34,286,000. Assuming
that the per capita daily water consumptlon will be 160
litres as estimated by the Ministry of Water Development
" then the total daily water conuumptlon demand by the year
2000 for human beings alone will be 5,485,700 litres -
approximately 5.5 billion litres per day. |

The daily water consumption demand noted above
does not include Kenya's livestock. By the yeax 2000 every
Kenya farmef will probably have to water his livestock Zrom
piped water., If this is assumed to be so then more water

for livestock will be required al the rate estimated by the



Table 11:

Population Using Water at the Rate of

90 L:%tres per person per day

Year Rural Population [ Daily Consumption Urban Da:ily Consumption Total Total
in Litres JPopulation .n Litres Population Consumption per
L Rural + day in Lisires
Urban
1975 1,086,453 97,780,770 1,341,300 .20,717,000 2,427,753 218,#97,770
1920 1,300,283 »117,026,370 1,605,300 .14,477,000 2,905,593 261,503,370
1985 1,564,110 140,769,900 1,931,000 273,790,000 5,495,110 314,559,300 .
1990 1,887,462 169,871,580 2,330,200 09,718,000 4,217,662 779,589,580 '
1995 2,885,253 259,672,770 2,821,300 53,917,000 5,106,553 513,589,770
2000 2,717,166 249,944,940_ 3,428,600 »08,574,000 558,518,940

6,205,766

oy
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Water Approtionment Board, which is 10 gallons per day

per animal for big animals (e.g. cattle), 2 gallons per

day per animal. for small animals (e.g. sheep and goats and

pigs). Currently Kenya has 7,242,000 catiis, 6,4C0,000

goats; 5,400,000 sheep; and 31,000 pig
1970, 1966, 1265, 1

Uy -

the number of livestock will remain the same in the years

(figures for

966 respectively).* Assuming that

to come Kenya will need (as it does now) the following

daily amounts of water for livestock consumption:

~

Animal

Consumption per

Total Pails

1
v

LIS

day per animal consumption |
Cattle 7,242,000 45 1itres 325,600,000 1itres
Goats 6,400,000 9 1itres 57,600,000 litres
Shecp 5,400,000 9 litres . 48,600,000 litres
Pigs 31,000 9 litres 279,000 litres
Total 432,369,000 Litres

s s — ———- b - ————t + —

1f the, daily water consumption for livestock is

added 1o the total daily water consumption demand for humexn

beings as stated in Table 11 above, we get the following

dajly water demand for the respective years:

See Jacques M.'May, M:D.; The Ecology
.in Pastern Africa and Four Countries of

Studies in Medical Geography, Vol. IX, p. 310.

of Malnutritien
stern Africa -
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Year | Total Deily “Yater Consump-
- tion in Litres
1975 650,866,770
- 19380 ‘694,370,140
1985 746,928,900
1990 - 811,958,580
1995 . " 945,958,770
2000 | ' 990,887,940

Socio-econcmic Factors (see Apveniix B)

Average Tevel of Education Obtained in Kenvya

The average level of education obtained by persons
of various levels 6f edncatimul giandnrd vovs oo
for the years 1969 and 1972 to 1975 when the.total Kenyan.
population in the various years is considersd % (see

next page).

I the analysis beloW the author has assumed

" that the portion of the population that hés no formal
educatlon at all has remained unchanged since the 1969
c'nsus when this portion of the populatlon was acitually’
counted. The "None" column below contalns persons who
~s8tated that they dld not have any formal education as well
as those who did not state anythlnp concerning their
educatlonal attalnment Also in the analysis it should

be noted that the percentagé of the population that
attained University standard is not shown for - the year

1969 because the total number of persons in the Universities



Level of Educatior,

Vaarp Population None % Primary % Higl. ox % Technical % University %
(approx.) schocl Seco:.dary school _

1969 10,942,705 7,279,287 |72.9 1,282,298 11.7 115.246 i.1 2.344 .02 1,877 -

1972 |11,247,000 7,979,287 |70.9 |1,675,900 | 14.9 161.900 |1.4 7,236 .06 7,066 10.06

1973 11,247,000 7,979,287 {70.9 1,816,000 16;1 174.800 1.6 7,236 .06 9,166 0.08

1874 12,000,000 . (7,979,287 66.5 {2,734,400 22.8 195 8CO 1.6 8,149 .07 8,593 0.07

1975 13,413,000 ' 17,979,287 {59.5 2,881,100 21.5 225 100 1.7 8,266 .06 8,492 " 0.06

¢
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was not kxnown. 1877 was the'total nunber of Kenya siudents
studying in the East African Universities qnly, excluding

thosec studying overseas.

It can be noted from the aﬂove analysis that all
levels of educat*on obtained have shown a »teady increase
every year when total numbers of persons enrolled at all
levels are considefed. The percentage of persons enrolled'
in the same level in éome cases are the same for two
consecutive'years simply because the natidqal populatibh_of
school age alsc - ir”rcéses every Jear.‘ This gives the '
1mpre531on that the total numbﬁrs attendlng school every
new year are the same when in actual fact the to tal

numbers are increasing as can be noted~above.

The increase in school enrolment at all levels
also necessitates additional ‘schools to cater for the
.addlulonal nunbers enrolled Over the past few years

the increase in the total number of schools 1is as follows: .15

Primary School 1972 1973 1974 1975

Number of schools 6657 6932 7668 | 8054

Increase of schools . .
over previous - | - 275 736 386
year .

Secondarv School 1972 1973 1874 1975

Number of schools 949 - 964 971 1175

Increase of schools :
over previous - 15 7 204
year
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hccording to 1976 figures there are 8500
fully maintained govcrnment primafy schools as cpposed
fo 35 government assisted primary schools, vnaided "Harambee"
primary cchools, uneided church ﬁrimary schools, and unaided

purely private primary'schools.

"By the end of 1975 there .were 379 fully maintained
‘government secondary schcols, 43'governmcht assiéted
secondary schools, 568 unaided "Harambee" (self—helpj
scCOndary schoolé;‘61 uhaided church secondary échools,
and 109 pureiy unaided and private éecondary schools. It
should be noted that some of the ~goverment assisted schools

are under church managﬁment

Bcf'rc‘1963, g0 por cont of t“c-primafv‘anﬂ cncondary
'schools were run by m1581onary or church organlsatlons.

Slnce 1963, when Kenya became 1ndependent mgny voluntary

to compete W1th church schools and schools:run by the Central

government. For types of secondary schools by dlstrlcts

,Seé Appendix G.

Most local schools offer education up to the end of
seventh gréde. But now thefc.arc.many secondéry schoolS'
established within the local communities although they are
not even half‘as mény as the primary schools in many local
areas in Kenya. Thus it is reasonadble to say that many

local communities in Kenya have at least a sccondary school.
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A locai community here is defined as an urban area or a

rural cenire with a population of not less than 2000. Many
,rural areas which as commupltles do not have a °econdacy sehoo]
.are within an average of about 10 to 30 miles (16 48

kilometres) from a secondary school. -

. For the last three years s1nce 1974, Kenya has
allowed Iree prlmary educatlon up to the fourth grade.
This free prlmary educatlon up to the fourth grade caused
an 1ncraaoe of 51 per cent 1n the enrolment of prlmary
education in 1974,%and "from 1974 to 1975 prlmary and. i
secondary school enrolments rose by 5.4 per cent and 14 0
per cent whlle the number of schools 1ncreased flom 7 008‘

-

and. 971 to£3u54 and 1, 175 reSpectlvely" 16

Pechnical Schools

| Kenya has two large polytechnics--.Kenya Polytechnic
and Mombasa Poiytechnic. In additionvto these there ane
13 ofhers that hafe'been n@erating, and 3 others that
have recently been opened to traln post secondary school

~ leavers, 17 Among thOue technlcal 1nsu1tutes of technology

that will traln post secondary ochool 1eavers, there are

10 others that will soon open The full list of all

technical schools'1n<Kenya is as follows:
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Kabete Secondary Technical School: trains pcople

in basic engineering courses - mechanical, clectrical

motor vehicle, basic building courses €.g. carpentry/

joinery, masonry, plumbing.

Machakos Secondary Pechnical School trains paople
in basic engineering - mechanical, electrwcal motor

vehicle.

Thika Secondary Tecimical School: frains
people in basic engineering - mechanical, electrical,

motor vehicle, agricultural mechanics.

Meru Secondary Tecnnlcal School: tralns people 1n

basic carpentry/301nery, plumblng, maoonry

"Rift Valley Secondary Technlcal School trains peopLC

in baS1c englneerlng - mechanlcal, electrlcdl motor

'vehlcle.

Kisumu qecondary Technical School trains people in
ba51c ergineering - mechanlcal, electrlcal motor

vehicle.

Mawego Secondary Technical School: trains people

'in masonry, carpentry/joinery.

The following train people only up to Form 3 level:



10.

- 11,

12,

13.
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Koiboi Secondary Technical School: trains people

" in basic engieerirg - mechanical, motor vehicle,

agricultural mechanics, and later will train people

in electrical engineerirg.

Sigalagala Secondary Technical School: trains people
in basic building courses. Has been conducting hasic

engineering courses.

Technical High School, Mombasa: will now train people
in basic building trade courses at Form 3 level.

Has been teaching basic engineering courses,

Nakuru High School: has been teaching basic
engineering courses. Will now teach engineering

]
courses at Form 1 level.

Technical High School, Nazirobi: has been teaching
baéic.engineering courses. Will now teach industrial

education.

Nyefi Technical Secondary School: .trains.people in

basic engineering courses. It will start training

people at Form 3 level in January 1977. The engineering

courses will be in mechanical, electrical, motor

vehicle, agricultural mechanics. Girls will be

taught business studies, and home economics dealing
! . .

with textile and induswvrial tailoring courses.
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Nyeri Technical Secondary School will start
welding courses soon Guaring 1977, and the government has
'p;ans to start other courses in Kitale and lMombasa,
wvhere basic engincering courses,éuch as agricultural

engineecring and mechaniecs will be taught.

There are 13 new Institutes of Technology in Kenya
in addition to the technical schools enumerated above.
These, as has already been stated, will train post-secondary
sghool leavers. Three of ithem, namely Kiambu, Murang'a

and Kaimosi have opened.

There are other assisted and private technical
schools in Kenya. These are Kajiado, Starehe, Sagana,
vnristian itnaustirial Iraining Centre in Mombasa and Nairobi

which cater for mixed levels of training.

‘Universities

There is only one university in Kenya -~ The University
of Nairobi, which since 1972 incorporated the Kenyatta

University College as its constituent college.

As nétéd in Table abave,‘répid growth of secohdary
eduéation will supply middle level entrants to the labour
fofce, and some seéondary school graduates will CGDtinue}
their education to the University and it is from a@ong
them that high level manpower will be obtained to replace

expatriate high level manpower.
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As shovmn above, the total enrolment in secondary
echools rose by 29,300 from 195,800 in 1974 to 225,100
in 1975,'and the number of secondary schools increased

from 971 in 1974 to 1,175 in 1975.

The total enrolment in the primary schools rose from
2,734,400 in 1974 to 2,881,100 in 1975. It is'noted that
this primary school enrolment 1ncreaue of 5.5% would

make enrolmen+ in primary schocls in 197u more than 3 mllllon.

Primary cchool expansion wiil necessitate secondar

' school expansion as is already evideht in Kenya, from né&
on. Seccndary school expansion also necessitates Universit;
expansion. At present there is great need for additioﬁali
universities in Kenya as only less thaﬁ'half the total number
of qualified entrants can find places at the University of
Nairobi znd at Kenyatta University College. In facf the
enrolments of Kenyan students in the University of Nairobi
declined by 2:3 per cent in the 1975/76 academic year over
the previous academic year, as comparéd with a declihe of
1.2 per cent in total enrolments. This decline which

has been observed for the Tirst time over the past few
years is due <o 1aqk of accommodétion_éna financial

constraints.

There was also a decline in enrolment at the Kenyatta
University College in 1975 from 1,267 to 1,219. This enrolment

declined by 3.8 per cent.19
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From the point of view of qualified personnel who
cén be'engagéd~in veter developmeni successfully, Univerelity
graduates who have science degrees in Chemistry, Biology,
Physics, Dotany and Mathematics and in HMechanical and Civil
_ Engincering sre very much nceded. Both the University of
Nairobi and the Kenyatta University Coliege have science
departments and engineering departments (in the University of
Nalrobl) and 1aborator1eu which can traln persons needed in the
fields enumerated here. For example, during the 1973/74
‘academic year there were 482 Konyan studento in the East
African Universities and overseas studying 301en0e (Mathematics,
Biology, Physics, Botany and Chemistry, ete.). 20 During the
same academic year, ithere viere 661 I enyan students ouudylng
Englncerlng of different types (ClVJl Mechanical, D331gn,

etc.).

Oof the 9,166 Kenyan students studying in the various
unlverwltles 1n East Africa and overseas in 197), 455 of them
or 4.96 per cent vere studylng 1n the nelghbourlng countries
of Uganda and Tanzania, and 4,014 of them or 43.8 per cent
were studying in foreign overseas universities. There was a
total of 4 469 Kenyan studerts studylng outolde Kenya and
4, 697 Kenyan students studying in Kenya. The percentége of
those studying outside Kenya in nelghbourlng and overseas foreign
countries on the one hand and.in the home unlverS1ty on the
other, were 48.76 and 51.24 respectively. It can be noted -
that there was almost an equél number of Kenyaﬁ'univcrsity |
~ students in foreign countries as compared.with that in the

home wniversity.
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Agricultvral Education and Training

An important aspect of education in Kenya is
that pertaining to agricultural education and training.
This aspect of education is very important since Kenya
is ﬁrimarily an agricultural COuntry. Farmers need plenty
of water supply Tfor their livestock es well as for their
cfopé and domestic use. Consequently, Kenya offers
" educaticn and training in agriculture at degree, diplcma
" and certificate levels, and there are short-term vocational

courses as well.

Degrees in agricﬁlture arendbtained in the
University of Na;robi in the Faculties of Agriculture and
Veterinary Medicine and in 1975 there were 1853and 312
students enrolled in these faculties respectively.zz-‘
Egerton College offers.Dipldma courses in Agriculture
and in 1975 total enrolment at Egerton was 643.23 Embu
Institute of Agriculture offers courseé in general agriculture
at Certificate level and in 1975 there were 161 students
enrolled.24 The Animal Health énd Industry Training
Institute at Kabete offers courses in animal husbandry
and in 1975 there were 215 studeﬁts enrolled in this Institute.
The last two institutions conduct two-year training courses.

Bukura Institute of Agriculture also conducts courses in

general agriculturé.

The short-term vocational courses are conducted by
Narosurs. Farm Mechanization Training Institute at Baringo

and at Naivasha Dairy Training School, where the enrolmenis
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in 1975 were 100 and 454 respectively. In the former
Inst;tute courses are conducted for oune or two wecks

‘and in the latter school short course seminars are conducted, 22

The enrolments in the above institutions have shown

" a steady increase since 1971 up to date. These institutions
produce knowledgezble persons who in many cases are employed
as.extension workers to advice farmers n the necescary
skills for crop production and animal husbandry. In addition

there are Farmers Training Centres which train farmers and

N .

equip them with the necessary knowledge aimed at upgrading
their farming skills. These Farmers Training Centres are

at Kikuyu, NVyeri, Fabu, Matuga in Kwale and Mirang'a.

"Puiwel Lda—scivice Tralning progranmes for mmployees

Government Emnloyeé826

Government employees who have acquifed certain basic
practical.skiils in their placés éf employment, haﬁe |
opportunities to improve on their skills through formal

in-service training programmesloffefed them by their eﬁployers.

The level of training depénds upon educational attainment

or background of the employée to be trained. Formal in-service

{raining programmeé'are established for varibus govérnment

:employees and the type of persons to be trained depends

upon where there is need for training.

The following are the institutions in Kenya which
conduct formal in-service training courscs for government

employees in ithe various ministries; (sce pages 54 and 55).



Institution

University of
Nairobi

Kenya Institute
of Administration

Government Training

I ar -
quu.«. vk v doasmlaiv

Medical Training
Schools in Nairoti
and Naxuru

. Kenya Polytechnic
(Nairobi)

.54

Courses offered Duration of
the courses

Post-graduate and Diploma
courses in the following:

Agriculture - Master of Science 2 years

Medicine - e.g. Diploma in ' 2 years
Advanced lursing

Tand Economics - 2Bachelor of

Arts 3 years
" Diploma in International :

Relations 1l year
Diploma in Journalism 2 years
Post-graduate Diploma in

Education 1l year
Diploma in Adult Education -

Public Administration Between 3-9
months
Management Developmnent Bet. 5-9 months
Courses e.g. Accountancy Bet. 3-9 moninis
Social Studies & Ccoperatives 2 years
Training for Income Tax %-9 months
Probation 3-9 months
Tyaining of Perscnnei Officers %~9 months
Store kecping 3-9 montihs

Any other courses necessary
for particular needs

Personnsl vory

flvu s vy

Clerical training

Courses for chiefs

Training persons who train

* ¢lerks in the various
ministries

" Phese schools train

paramedicals at different
levels

Mechanical Engineering
‘Electrical Engincering
Automobile Engineering

. General course in

Engineeriung
‘Aercnoutical
Telecommunication
¥*Building & Civil Engineering
courses
Public Health Inspector
Science:

General Certificate of
Education~-Ordinary level

General Certificate of
Education-#dvanced level

- Laboratory & other technicians
. Secretarial courses

Commerce courses

~Professional courses

Printing

Instituticnal Management
€.g. catering & hotel
managoenent ..

Peehnical Yeacher training

Special courses



Institution

Mombasa Polytechnic

55

Courses cffered Duration of

the courses

Pre-technician

Mechanical Engineering Technician

Electrical Engineering Technician

A.C.C.A. and A.C.L. (Accounts
Parts I & II)

Business Aduini stration (Diploma
and Certifica®e)

Mechanical Craft Practice

Building and Construction

Book-keeping

E.A.E.C. Secondary Certificate

Higher School Certificate-
Advanced level

" Ordinery Techniczl Diploma

East African Staff
Coilege

Kenya Government
Secretarial Colleges
in Nairobi and
Mombasa .

Ministry of Works

Training Centre in
Nairobi

Ministry of Water

Development

Prisons Training
College, Langata

The Police Training
College at Kiganjo

Criminal Investi-
gation Department
Training School in
Nairobi

Egerton College

. Agriculture Training

Institute at Embu
and Bukura

Animal Health and
Industry Training
Institute at
Kabete

Institute of Mass
Communication in
Nairobi.

Motor Vehicle }Mechanic

Welding .

Technical Teacher Training

Statistics and unspeciflied
evening courses

This institution trains senior
management stalfl

These colleges train secretarial
staff for the governmant and
private sectors.

This centre trains techniciuns
and supervisors for various
jobs they do for the government.

This Ministry trains their
technicians for water development

Trainsg people to work in prisons
at all levels.

This college trains policemen
at all levels.

This school trains people
specifically for criminal

investi-
gation work. '

This college teaches basic
agriculture, extension work, farm
management, agricultural engineering,
home economics and animal husbandry.

These institutes offer the saﬁe
courses as Egerton college but
at a lower level.

This institute offers courses
in animal husbandry.

This institute trains technicians
for radio and television and it
alsc teaches newswriting.



In addition to the_above types of itraining, therec
are coﬁrses'which ccinot be conducted in Kenya at the same
or higher levels in the same fields and consequently the
govefnment of Kenya sends its employees oVerseas‘toAtrain

i51 such courses.

Employees in the Industrial ard Private Sector

; Fmployees who are not strictly government.employees
‘also have opportunity to train and up-grade their skills
éon—the-—job. Thus there is also forﬁal in—sérvice training

- programmes for people employed in different indusiries
and-buéinésses in the private secﬁor. The following are

~at present in Kenya the registered private industrial business
and inétitutional orgahisations which offqr formal in-service

training courses for their employees: .(see pages 57-58).

It is to be noted here that there are other firms
'in Kenya whicp train their employees but'they (the firms)
are not yet recognized by the government. The eleven firms
named below under private sector, however, are registered

and recoghized by the government.

The eleven firms named below train their employees for
3-5 years. About %50 people a year are trained by these
private firms.' The East African Community organiczations,

analvzed helow. also train about 200 pennle everv vear.
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The Fast African Community

Business Concern

East African Posts and Tele-
communications at Mbavathl
Training School

East African Civil Aviation
at Wilson Airport and Emba-
kasi in Nairobi

Bast African Forest Research
"Organisation at Muguga

The Fast African Meteoro-
logical Department ‘

Privatec

Sector:Business
Concern: ‘

. D.T. Dobie

f
Hgghes Limited

I
WeStlands Motors
MarshallsLimited (East
Africa)

Construction Equlpment
Limited

Cooper Motor Corporation
Limited

Kenya Canners Limited

Metal Box Company

East African Power and
Lighting Company

Pype of Trazining Offersd

This school trains people in

* {elephony and general tele-

communication.

Thi
in engineering fields and ofle
courses for secretaries

This organisation trains sci
for research work in Botany,
and other branches of scienc

This ox ganluatloﬂ trains its
employees in the field of me
logy and other related field

s organisation trains peonle

—v‘.

ent-st
ﬂcql
eo

taorg-

v

S.

This business concern tralnS-

electricians and motor vehic
mechanics. N

Motor vehicle mechanics
and electricians.

motor vehicle
and eleciricians,

It trains
meechanice

It trains
and electricians.

This business concern trains
motor vehicle ‘electricians,
engine mechanics and plant
mechanics.

This business concern trains
motor vehicle mechanics,
and it teaches welding and

fabrication of motor vehicle

This business concern trains

le

diesel

S.

~
V)
)

<

motor vehicle mechanics

* e
Vi

“I

electricians

motor vehicle mechanics, agrlculturﬂl

‘mechanics and electricians.

This company trains people in
to0l and dye making, and pr801510n

mechanics.

This company trains people 1
e]ectrlcal and mechanical tr

n
ades.

-
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Business Concern

.Bast African Oxygen
Limited

Craelius Terratest Company

"Type of Training Offered

This company trains technicians

in the preparation, production,
and packing of oxygen or gas.

This company trains pedple in

.drilling water holes or bore holes.
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| For the purpose of this rep0it vhich is concerned
with the socio-economic. conditions which pertain to |
. cost of construction.and operation of water and seWage'
. treatment facilities in Kenya, we arc concerned with the
availability of qualified personnel who can deal-
efficiently and suecessfu11y with the entire process of
piped water supply that lS needed for the Kenyan population

at present and in the future ’ Prom thns pOint 01 View,

| it is reasonable to note tnat certain- types ofptraining

offered by both the government and nrivate firms,?n henja
as indicated above would be useful Ain the area of Water
supply and developmenu, and for the operation of water and
sewage treatment fac1lities Thus, courses in the fields
of Fechanical, Dlectr:cal, Ld C1Vll enginechng and in
Buvilding are very useful 1n this respect Similarly,
courses in general ec:ence such as Chemistry and PhySical

SClGnCe are also useful for operators of water and sewage

treatment facilities Kenya needs skilled people in all

the various fields statedwabove\ ‘and the related fields, in

order that some qualiﬁ _echniCians in these field may

- be able to operate W 1d sewage treaument faCilities

Other qualified teou_ 'iin'these fields will be able uo
“do many other kindre“ gobsfwhich need their 'skills, in
other words theee techniCians are needed not only to do
igobs which pertain to op ration of vater and sewage
‘treatment facilities, which is the concern of this report,

but also to do other jobs vhich need their skills.
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SupplY of Technicians in XKenya

A survey of training instifutions in‘Kenya carried
out. between June 20, and August 5, 1975, and the peport on
the survcy of industrial training institutions by the UNDP
and ILO in 1975, and the ropnﬁ‘on the survey oI in-service
training programme by the Ministry.of Labour, xanya in -
1975 Show the status of available trained teckmicians in
Kenya who are seml profesulonal and ckilled. These surveys
nade it pOSSlble for Mr. Martin Godfrey, I10 Consultant,
to write a report on a long-term plan for industrial
tralnnng in Kenyd in December 1975. Amor= o e: thlngq
“this repoxr’t estlmates +he rate of lncrease 1n ;atput of
qualified Kenyanu in varlous occupatlonal categories over

e

ine period 1572-78. TuC pp;t ig the reocult

()]

f + 10O ‘J,YOI‘}:

o

of Mr. Martin Godfrey"'together with the orgenizations

referred to above., Tﬁ ‘e quallfled technlcla. in the variovs

.occupatlonal categorl nclude technlclans i the field

¢

of water englneerlng and tnelr 5pe01a11t1es ars included

in this report.

The following Table 13 is the status of Xenya

pertaining to sem1—profe551onal and skllled teikﬁicians

in the various stated fields during 1972 an

projections of output in selected occupat1on é;gegorles.
The table, therefore, showvs the supply of qualified Kenyans

in the various occupatlonal categories shown .27
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1472 Stock and 1072-19>‘i8.1’rojections of Oitput in Selected Dccupation Categories

(1) (2) (3) - (&) (5) (6) (7 (8) (9) (10)
January 0f which Percent- {Plus U0 OLuner I Jiess | Jaruary lmplied anaary
14972 non-citizens age _ sources wastage| 1979 annual 1279
s4ock nunter SanveTed £%0CK average sieck avera;ge
general it z=oro | growtn 12 100% | grawth
purpose inntitu-~ Kenyani- | rate Kenpani~ | sale
incti-~ tions zation saticn
tutions (1+4+ + 5:(;i p.a.) (2-2) i p.a.)
IR B R
£imi-zrefezatonal {Tvehni-
L S SV .
{ ol
;;: zul Jeience Technician3d® 535 124 23 207 - - -2 740 4.7 616 2.0
2976 1297 51 302t 783 - -267 7517 9.9 6220 6.6
rizctant () 100 22 22 - - - - 100 - 78 £311
: sy Tuachers,Technical ) 142 >8 ar = - =12 612 7.2 oo 2.3
f— Loi=rrofe3sional L0327 1585 72 2487 783 - -201 8069 8.7 T34 .8
g" iried . o :
aratied . .
“res.otisn supervisors/ .
forenen 2152 T44 24 607 o - -264 3491 1.5 2747 fali
\sailerz, drezzcnakers, . N
! jziter.aacers, €. 2940 950 32 127. - 70 =~139 4145 5.0 2195 1.2 &
tlanusritnz 225 9 4 8¢ 12 16 -9 333 5.8 324 5.3 T
van /Fittera etc. 2178 167 8 - 43 -169 451 F+ =94 117 5.3 2350 4.4
- icle iechanies® 3050 260 - 9 35¢ - 483 ~143. 3748 3.0 34E8 1.9
f'-:r,':-.a-.xcs/%.':paimenc 1057 171 ¢ 16 3a: 16 . 24 -49 1430 4.4 1259 2.5
’.'_'-.f 2¢rical/Eizctronics .
Worner 1720 280 16 42¢ 2719 375 =25 2778 7.1 2496 5.5
s 246 60 24 21¢ 11 21 -19 469 9.7 403 1.5
410 79 15 39 - 2 -35 416 0.2 337 £e11
642 50 8 182 11 164 =55 946 5.7 836 4.9
s18 | 72 14 . 48 - - [ -0 556 1.0 484 fal1!
410 23 6 2z - - -8 425 0.6 402 fali
i, 529 16 3 61 - - =11 6C9 1.8 523 1.3
i 269 23 9 - - 43 ~21 291 1.1 263 > fall
;-‘: 14&3 304 20 332 22 270 ~116 1996 4.2 1692 1.8
o ans :
;‘ (®) 1610 256 16 210 68 82 -126 1544 2.0 1553 fall
) : o - z -
ol . Skilled 20,021 5,547 17 4,674 5£9 2,001 |-1,124 25,004 2.2 PRI 1.
bz CarTirt D N TS 20 n,1%4 _ 1,371 2,001 1=1.49% 35,503 2.2 [Ea0 .5
I | % -
A a. Cateparies for which overseas training hus deen important
2. January 1372 yacancy rate ebove average
c. January 1972 vacancy rato below average
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In Table 13 above "Column 1 shows- the stock of
manpower in each occupational category as estinated in the
; 30 ) . '
- 1972 manpower survey", Skilled worker in this survey
was defined as a person who "must have passed at least

trade test grade 1 or have equivalent qualifications".31

Columns 4 and 5 contain the estimated additional

- technicians during the period 1972-78 from. the training
iﬁstitutions covered by the manpowver survey'of 1972.
Column 6 éontains the estimated supply of‘technicians from
sources other than the surveyed institufioﬁs. This -column
contains some skilled workers who £elonged to large firms
which do not send their apprentices to the industrial

training centres.

|  Column 7 contains the estimated wastage ffom the stock
duevto retirement and death. According to the above
‘fable,'the average wastage rate is 5% per cent over the

seven years considered,

It should be noted here'fhat the oﬁtput figures
in columns 4-6 are net in the Sense that ! 1f aofkllled

‘worker completes a course at technlclanf1'v01 he 1s added

to the stock of teohnlclans but deduCUeddfrom the stock
32

‘of skilled worﬁersﬂ.

:"ero”Kenyanlzatlon we get in

okwln 1979, and in Column 9

a rag4 rate of growth between
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January 1972 and Janueary 1979.33

In Columnn 10 we subtract the numﬁer of non-citizens
shovn in Column 2 to obtain stock in January 1979, and
anhual‘average’rate of growth on the assvmption of 100
per cent Kenyanisation in Column 1l.

According to the figufes in Table 1% above, "the
évefagé annval rate of increase in the stock of all those
in occupational categories shown in Table 13 will fange
between 2.5 per.cent and 4.2 per cent depenﬁing on the degree
of Kenyanisation achievéd".’j4 Thiskis the exPerience according
to the expectations of output from training institutions
and estimates of output from other sources. For example,

in the case of plumbers and pipetitters the rate of increase

is between 7.5 and 9.7 per cent per annum.

Annual average rates of increase as shown in the
supply prbjeé%ions in Table 1% above are useful in}idenﬁiﬁying
categories qf skilled workers and techniciaﬁs which show
an exceptionally high rate of growtp in éupply vis a vis
"those which show an exceptionélly low rgte.BS For example,
_as can be seen in the Table, plumbers.aﬁd pipefitters shgw'
' a-high rate of incféasedwhereas production supervisors/'a
foremen show exceptionally low rate of increa;e. fSﬁbh‘, ‘

comparisons show vwhere there is need-for future training

and the nature of demand for skilled workers and technicians.
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In Kenya, the Ministry oi Viater vaalopmant in
vconjunﬁtion with the Kenva Polytechnic and Mombasa Poly-
technic train water engineering tachnicians_for Ordinary
Diploma in Vater Bagineering. At the Kehya Polytechnic
in Nairobi this training takes 2% years. The enrolment at

the Kenya Polytechnic in Nairobi, from 1972-197¢ was as

_follows:)6
Year Enrolment
1972 _ T
1973 . 4: - 23
1974 18
1975 - 16
1976 21

The figures for the Mombasa Polytecnnic for the
above respective years were not available at fhe tiﬁe of
'wrltlng, but the total enrolment the*e Ior the Ordlnarj
Diploma in Uater Dnglneerlng were not etnected to be hngher

than in tho Kenya POlYuGChnlC in: Nalrobl.

The courses taught for the Ordinaryibiploma in

Water Engineering at the Kenya Polytechnic*areias follows:



Building scrvices and water supply
Civil engincering conetruction
.Hydraulics
Hydrology
~ Geoleogy and soillmechanics
Elgctrical insgtallation
Carpentry and joinery
Masonry
Mechaﬂical workshop practice
Blementary guantity surveying
General studies
~Mathematics and statistics
Land surveying
- Concrete féchnology
Properties of materials
Structures. -
If all students pass, it is expected that 21 watef engincering
‘technicians wili be graduatéd'from the Kenya Polytechnic
at the end of 1976.

Table 13 above gives us an 1dca of the output of
-skilled workers and technlcnans 1n some branch of water
engineering. Examples from the Table show Januury 1972

stock, January 1979 stock if zero. Yenyanlsatlon, January 1979

stock if 100% Kenydnloatloﬁ and implied annual av “age
. growth rate of persons trained in some branch of water englnGDIl"

and in the respective areas as shown below,,



Sermi-professional January 1972 Januaxry 1979 Implied annual January 1079 Implied annual
Iy tec n‘lc*an) Stock stocx if zerc average growth stock if 100% average growth
! Kenyanizatio: rate Kenyanization Tate
(% p.a.) (% p.a.)
Craugntsmen and engineering )
tecimnicians - 3976 7517 6220
l:nyszcal science technicians 535 740 4.7 616 2.0
J:atistical & mathematical
techrnicians 100 1C0 - 78 fall
Sitied
—
?roduction superviSOrs/fore- : )
=n 3152 3491 1.5 2747 fall
:"aculnzst/flt ters, etc. 2178 3117 5.3 2950 4.4.
‘\ echanics/repairmen 1057 1430 - 4.4 1259 2.5
Slecirical/electronics worker 1720 2778 7.1 2498 5.5
Carpenters and Joiners 1488 1996 4.2 1692 1.8
|s~oncmasons, bricklayers, etc. 1610 1844 2.0 1538 fall
Piumbers and pipefitters 246 469 9.7 ) 409 7.5
Speet metal and structural
metlal wWorkers 410 416 0.2 337 fall
Total 16472 23898 6.4 20394 3.4

a9
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Phe analysis in Teble 14 above shows that the
implicd annrual averagé growth rate of skilled wcrkers and
technicians in scme branch of vater engineering from 1972-

1978 is between 3.4 and 6.4'per cent depending on the degree
of Kenyanisation achicved.

Demand for Technicians for Construction, Oreration and

Maintenarce of VWater znd Sewagse Treatmont Facilities:

General Ohservation

Generally speaking, thefe'is great manpower sh@rtage
in Kenya in the field of constructibn, operation and
maiintenance of water and sewage tréatment facilities.
Naturslly, in the future, as it is now, there will be an
increasing demand for techniciahs in each job category’
pertalnlng to construction, operation and maintenénée and
other reiated dutles, of water and sewage oreatment

facilities.

In a survey carried out in 1975 by Martin Godirey

~he "assumed that the demand for middle-level technical manpoﬁer
in each sector will increase atﬂthe same rate as net‘output

in that sector, based on theﬁfq5£59r‘assumptions of,nb
significant movements in”fé51 wages relative to other costs

and no smgnlflcant changes in wage differentials betwenn

dlfferen+ OCCUpablona" 37

Using the above assumptlons 1t was noted in 1975

that demand proanctlons for certdln selected occunatzonal
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categories including thosc required for construction,
oper:tion and maintenance of water and sewage facilities

would shov the following:58

Table 15: Demand: Proizctions of Growth Rate for

‘Selected Occupaticnal Categories
Januvary 1972-January 1979

¢ per annun

Physiceal science technicians 8.1

Draughtsmen & engineering technicians 7.2

Statistical and mathematical _
technicians 6.3

Sccondary teachers, technical 7.0

N
S

roduction supervisors/foremen

1 Pailors, dressmakers, patternmakers,
ete. :

Blacksmiths

MO LOL=VEIILCLE 1 CHAILLIUS

Mechonics/repairmen
Electrical/electronics workers

Plurbers and pipefitters.
Welders and flame cutters

=l W 93 00O
T N e M VO - BR ¢

Sheetmetal and structural metal

workers T.%
Compositors and typesetters 7.6
_Letterpress minders . | ' ' 7.6
Other printers etec. c 7.6
Painters/signwriters o 6.1
Carpenters/joiners | R 6.1

Stonemason/hricklayers, ete. _ 6.1

The reader should note the occuﬁatidnal cafegorieé
above which pertain to skills and technical knowledge which
~are required for construction, operation and maintenance
of water and sewage {reatment facilities, aﬁd what projections

of their growth rates are. Those occupations pertinznt to
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this category as shown above are: physical science
technicians, draughtsmen and engineering téchnicians,
statistical and mathematical technicians, secondary téachers,
tecﬁnical, production suporvisoré/foremen, machinists/
fitters étc., motor-vehicle mechanics, mechanics repairmen
electrical/electronics workers, plunbers and pipe fitters,
_welders and flamecutters, sheetme tal and structural metal

workers, carpenters/ joiners, stonemasons/bricklayers, ete.

. | Froﬁ the above Tablé'15 it can be no%ed that the
demand growth rates differ from one occupational category
to another. For example, at_oné extreme'the demand for -
machinist/fitters is projected as growing at 8.6 per cent
per year, while at the other the'growth rate for plumbers
and pipefitters is projected at oniy 5.4 per cent.”? Tt
should be noted. that for the economy of Kenya, as a whole
the growth rate for ali categories is expected to be higher
“than 5 per cent per annunm as the f@llowing oriéinalland

re#ised projections of output growth rates for 1972—1978
shows.40 ' | |
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-Original and Revised Projections of Outout
Growth Rates 1972 ~ 1978 ‘
1972-1978 Crowth Rate of Outout 2t Consiant Prices

"As projected As implied by
in Develop- MNovenber 1975
ment Plan Revision
% per annun % per annum
Agriculture, forestry ‘
and fishing 5.5 4.5
Mining _ 15.7 14.0
Manufacture and repair 10.1 1.7
Construction ' 6.9 4.6
Electricity 8.6 6
Transport o 7.2 . 4.7
Tradc S - 7.1 ’ 4.7
Other enterprises .71 . 4.8
Government l 10.0 7.5
| Gross Domestic Product
(at factor prices) 7.4 5.0

Supply and Demand

It is necessary tb compare the projected growth rates
- of supply and demand for the Yarious cccupations in order
'tb"gét a rough idea of the océupations.ﬁor which planned
1oéa1 training provision appears'to be adequate and those

for which it appears particularly inédequate".41 In order

to do this we compare the outpﬁt as shown in Column 1 of
Table 13 above (which shéws January 1972 stock) with the
growth rates in demand of Table 15 atove (which shows the

projected growth rates for various selected
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occupational categoriesj. in doing this it should be noted
that "the larger the extent by which'the growth rate in
demand excecds thét of supply the higher the ranking for
tﬁe occupation",42 which means that the occupation would
need more personnel 2s according to projéctions its supply

is inadeguate.

" Thus according to the above analysis_we derive the
following ranking of occupational categories in order of

severity of projected shdrtage:43

Table 17: .
' Occupational. Categories in Order of

Severity of Projecied "Shortage"

W 0~ O vt &~ W N

. Compositors and typesetters
. Letterpress mlnders
. Sheetmetal and utructura] metal workers
Production supervisors/foremen
Statistical and mathematlcal technlclans
. Painters/signwriters
. Stonemasons, bricklayers, etc.
. Physical science technlclans
. Other printers, ete.
10. Carpenters and joiners
11. Tailors, dressmakers, patternmakers, etc.
12. Motor vehicle mechanics ‘
13. Mechanics/repairmen .
14. Secondary teachers technical
15. Welders and flamecutters
16. Blacksmiths '
17. Electrical/electronics vorkers
18. Draughtsmen and engineering technicians
19. Plumbers and pipefiticrs
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It should be noted that the above analysis is a
macro-level analysis vhich avtempts to identirfy fraining
..prioritiesf It does not take into consideration individual
‘occupations vhich may be subject to particular influences
- not taken account of in the projections.44 Consequently
such analysis shouid be supplemehted by a detailéd investi-
gation of the market for individual occupations. With
- regard to occupations which pertain to construction, operation
and maihtehance of water and'sewage treatment facilities
. some detailed (bﬁt not exhaustive) analysis concerning
.séme shortage and present status of establfshed posts;
and jobs which are temporary and outside establiéh@ent

is shown on pages 73 - 76).45
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, Pex;oﬁne] in the }
MlnlutPV of Water voveronneni notablished Posts -
RIS L L9 .n (Tar sonyf 28 & Wnole)

Technical Branch

3 . . . No. in post Vacancies
" Post Designation (authorized
establishment)
Chief Fngineer (water) 2
Deputy Chief Engincer (water) 2
Senior Superintending Engineer -3
Senior Superintending Hydrologist -1
Superintending Water Engineer ( technical) 9
Superintending Engineer (mechanlcal) 0 "1
Senior Chemist (waber) L
Superiniending Geclogist 2
Superintending iydrologist 1
Enginecrs (water) 8 .
Blectrical Engineer , . 0 .1
Senior Superintendent (clectrlcal) 0 1
Engincer (water) 27
Engineer (mechanical ) 1
Chemist ' 4] 1
Chemist (water) T
Geologist I 2
Enginecr (Drilling) 0 1
Geologist II S -
Superintendent (Drilling, 0 1
Hydrologist I 2
Hydrologist II 9
Staif Surveyor 1 1
Senior Water Bailiff 1
VWater Bailiff I 1
Viater Bailiff IIX 5
Water Bailiff III 14
Senior Superintendent (water) 8
Superintendent (water) o S i2
Senior inspector (water) 27
Inspector (water) o 85
Inspector (ground watier) 7.
Assistant Hydrologist IT 4
Assistant HMydrologist III - 12
Computing Assistant Hydrologist ' 2
Hydrology Assistants ' . ) 14
Senior Assistant Hydrologists ‘ 3
.Senior Superintendent (mechanical) 1
Superintendent (mechanical) 3
Senior Inspector (mechanicazl) 3
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. Post Designation

Seniox Inspector (elecirical)
Inspector (mecharical)
Mechanics

Senior Draughtsman

Draughteman T

Dravgntsnan 11

Draugntenan ITI1

Assistant Draughteman I
Assistisnl Draughtsman IT & 111
Drilling Inspector
Photoprinter

Inspccior (mechanical) (drilling)
Inspector (building)

Surveyor Assistant T

Surveyor Assistant II1

Surveyor Assistant III

Junior Survey Assistant I
Junior Survey Assgistant II and III
Plant Operators, I, II & III
Drivers

Hydrology Assisténts

Artisans (building)

Painters, masons, plumbers, pipe fitters
ete, '

Technical Assisténts (water) operators
Technical Assistants (water)
Water bailiff Ascsistants
Vater bailiff Assistan¥s II1
Water bailiff Assistants IIIX
Instructors III

Total

Administration

Ministry of Water Development
Assistant Ministers of Water Development
Permancnt Secretary .

Deputy Permanent Secretary
Under Secretary ‘

Senior Assistant Secratary
Assistant Secretaries
Executive Officer II
Executive Assistants :

Zursar

hccountant I

Accountant II

Accountu Assistants

¥o.in post

(authorized

establishment)
1
6
20

B o

HaBHPODHEFREOMHEQN

=,
= o

131
72
Y

65
107
44

1

I N )

A H A S N




Post Designation

Supplies Cfficer
Supplies Officer II
Supplies Assistent
Personal Secretary
Short hand typists
Copy typists
Clerical Officer (salary scale D)
' Senior Clerical Officers
Clerical officers (salary C-E)
Storemen
. Telephone Operatoré
* Houseleeper II
Cooks .
‘Subordinate staff
Total

Mombasa

Chief Engineer (water)
Deputy Chief Engineexr
Superintending Engineer

" Engineer (water) I
Superintendent (mechanical)

Senior Assistant Telecommunication

Engineer
Engineer (water) II
Water Bailiff II
Water Bailiff III '
Senior Superinténdent (water)
Superintendent (water)
Senior Inspector (water)
Inspector (water)
Artisan (building)
Water supply‘operators
Hydrology Assistants
Meter readers
Mechanics
Drivers
Subordinate staff L
Total

No.in poSt
(authorized
establishment)

Vacanciecz

0
1
1
A
16
18

N M

N
O O

o
le)
WL oW

~
o
(o)

VH OMFMFOO OO0OOCOH W

wmu N O

N =
w + O

o e

=
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Post Designation No.in post - Vacancios
. : (authorized
establishment)

Administration

' Administrative Manager
Chicf Accountant
Soﬁior Accountant
Senior Supplies Officer
Executive Officer I
Supplies Officer II
Supplies Oofficer I
Personnel Officer I
Pinance Officer I
Accountant (Grade I)

"Accounts Assistant
Executive Officer II
Personal Secretary
Shorthand Typists
Copy Typists
Clerical Staff

H M HREFMDMMNMDOOONOOOLRFO
]—J

=
o

W
=t

Total

Jobs Outside Establishment - Ausust 1976

. In addition to the established posts indicated..
above, existing in the Ministry of Water Developmeﬂt there
.'are jobs existing,oufsiﬁe the establishment. The foliowiﬁg

are the jobs with the total number of employees in each

category (see pages 77 - 79).
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Neirobhi Hecdauarierd

Job Degerintinn

. Clerical officers

. Junior clerical officers
Charge Hand

" Storemen

Copy typists I, II & III
Drivers (grade 3)
Subordinate staflf
Mechanics i

Vater Bailiff Ascistants
Hlydrology hssistants (grade I11)
Laboratory Assistants
Drillers

Artisans (masons, carpenters lumbers, pipe
3 t ? 3

fitters ete.)

" . Plant operators

Total

Coust Province (lMombasa)

Drivers
Clerks -
Shorthand typistis
Pipe fitiers
Ficld Assistants
Charge hand
Draughtsmen
Copy typists
Artisans
Vater supply operators.
felepnone ope€rators
Mechanics '
Sioremen
Meter Readers
Subordinate staff

. Total

Rift Valiev Province

Telephcne Operators

Motor vehicle inspector (mechanic)
Motcr vehicle mechanic (grades I & II)
Drivers I & II ' '
Copy typists (grades 1-3%)
Subordinate staff

Clerical staff

Storemen

Water supply op:rators

Ficld Assistants

lMoter reader
Vater Eailiff assistlnt

Number Fmnloved
31
8
1l
10
8
. 95
322
34
18
4
2
11

103
3
678

15

&)

2O OO

25
45

10

W >

924
718 .

-

14

159



Vestiern Province
Subordinate staflf

Drivers

Motor vehicle mcchanics
Copy typists

Artisans

Clerical staffl

Storemen

Vaier supply opcratofs
Pump Attendants

to Total

Fastern Province
Clerical staff

Weter supply operators
Copy typists S
Water bailiff assistants
Artisans

Drivers

Storcmen

Subordinate siaff .

Total

North-Eastern Province
Clerical staff

Drivers

Artisans

Water supply operators

Storemen
Motor vehicle mechanics
Subordinate staff
‘Total

Nyanza Province
Clerical staff
Hydrology assistants

Copy typists
Storemen ,
" Vlater supply operators
Drivers ‘
Motor vehicie mechanic inspector
Motor vehicle mechanics (grades 1-3)
Artisans
Telepnone operators
Subordinate stalf
Punp attendants
' Total

Numrtier Fnoloved

142

)
o

bW R WM W W N

]
B fe2]
N

21

N

11

o)
~
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Central Province

Clerical Staff .
Motor vehicle mechanics

" Artisans .

Water supply operators

Copy typists

Drivers

Storemen

‘Subordinate staff

Total

Number Emploved

3
2
9

14

N

=
~
O

=
o]
N
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The above totals show that there are 1,450
established posts and 2,611 jobs which are currently filled

.and performed by pcrsoné who are outside the established

'posts, in the Ministry of Vater Development.

An analysis of some 1,046 authorized posts in the
establishmeﬁt in the Ministry of Water DeVelopment shows
that for the year 1975-1976 there were 756'persons.émployed
in these posts and that there were 290 vacancies to be fiiled.
The Ministiry of Water Development has been able to fill 100
.of these vacant positions. But the remainiﬁg 190 vacaﬁt
positions have been frozen for lack of money. 'This is a
problem that has affected the vhole Republic of Kenya. ALl
yacant positions in the different ministries,in fhe govérnmeﬁt
have been frozen due to inflationary trepds in_tpg country.
An example from the Ministry of Water Develébméﬂifshowing
vacant positions in the establishment which cannot be filled
_jbecause of lack of money is analysed below fd indicate -the
various posts‘affected and the amount of money lacking to

make recruitment possible:4® (see page - 81).

With respect to scarcity of funds neceésary for
-recruitment of'the needed staff it should be observed that
the salary scales for the above named posts are aé follows

" in Kenya pounds per year (see page 83).



Table 18:

8l

Ministry of ‘YWater Develonment

Vacant ~03t5 [or e

“ear 14195-1976

D]

;.Post Designation GiSSp ﬁgégé. In-post |[Vacancies | iloney
needeq
i K.
Deputy Chief Engineer N 3 2 i 2,928
Senior Superintendent
| Engineer N 3 1 ¢ 5,023
ISenior Superiniendent

Hydrologist M 1l - 1 2,514
Superintending Engineer L 16 7 10 20,100
Superintending Engineer ’

mcohanicalj L 1 - 1 2,010
Superintending Geologist L 2" 1 1 2,010
Engineer Water I K 27 7 20 32,280
Engineer Vater II J 27 - - . - .

|[Electrical Engineer K 1 - 1 2,010
Scnior Superintendent ,

Engineer K 1 - 1 1,614
Chenist (water) . K 1 - 1 1,614
Drilling Engineer X 1 - 1 1,614
Geologist II J 11 9 1 1,350
Supzrintendont Drildlins T 2 - ! 1 1,350
iater Bailie T g | 2 1 1 1,350
Water Bsiliff 11 H 13 8 5 4,530
Water Bailiff IIT G 15 14 1 804
Inspector Building G 3 2 1 804
Se?;gieigpcrfnfendenﬁ ‘ ; e g 5 ] 8,0{0
Superintendeht (water) J 13 19 17,550
Senior Inspeetors (water) H g 193 27 16 17,376
Inspectors (water) G 85 45
[a] 3 4.
septor Tnepector Role | s | 2 | eam
Inspector (mechanical) G 8 5 3 '
Drilling inspector G 8 1 5
Assistant Hydrologist I H 5 6 .1
Assistant Hydrologist II G 25 12 13
Survey Assistant II H-J 6 4 1 1,086
Survey Assistant II1 G S 4 5
Economist/Statistician J 2 - 2 2,700
Executive Assistant G 5 4 2
Accountant I J 1 1
Accountant II H 25 2 2

-|Accountant Assistant G 2 1l
Supplies Assistant G 2 1 1
Personal Secretary H 7 4 3 4,344
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Job Auth. . : Monay
Post Designation Group | Estab. In-post | Vacancies ngeged
Senior Clerical Officer F 1l - 2
Storeman III D 1 - 1
Laundryman D 1 - 1
Senior Inspector H 2 - 2 2,172
Cook grade 1 C-D 3 - 1
Artisan (Building) C-E 26 23 p! 1,007
Technical Assistant : |
(Vater) C-F | 336 334 2
Driller I (Mechanic) P - - 1
Assistant V. Mechanic C-F 29 20 10
Agssistant Draughtsman T F 6 1 5
Assistant Draughtsman II D) 10 5 1
Assistant Draughtsman III C ) - 4
Drivers C-E | 164 138 31 .« 2,970
rotal |104-6 756 290 {147,228
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Job Group o
M | K.£2514%90 - K.£2604x108 - K.£30%6 p.a.
¥ . | ¥.£2928x108 - K.£3144x132 - K.£5540 p.a.
L K.£2010x72 - K.£2154x90 - K.L2514 p.a.

¥.£1614x60
K.£1350x48 - K.£1494%60 - K.£1794 p.a.

-

K
J
H K.£1086x42 — K.£1254%48 - K.£1446 Dp.a.
G

X.£804%30 - K.£864x36 - K.£1044x42 -
K.£1086 p.a.

% .£1794x72 - L.£2082 p.a.

5]
o

.£594x24 - K.£714x20 - K.£834 p.a

_ K.£489x21 - K.£594x24 - K.£690 p.a.

D K.£3569x15 - K.£399x18 - X.£489x2) -
. K.£531 p.a. .

C ) K.£276x12 - K.£324x15 - K.£399 p.a.

Accordlng to Table 18 above K.£ 147,228 1is needed

()
_!
A

w3

orepng in e Jeqwnna(ed estabdlished 90ats Nhl h
are now vacant and which cannot be 'filled because of lack
of funds. Thls amount of money Wthh shows a "reduced"
estimate of the total anount needed %o emploj eriough skrlled
gstaff to operate and malntarn water supply is an 1nd1catlon
that the smooth operation and maintenance of water supply

1s seriously 1nterfered with without the services which

. should be rendered by this 1ack1ng number of staff (a total
of 290) as indicated by this sample analysed here. |

Financing VWater Supply Administration, Overation and Maintenancc

Mr. Farrant, whose work in the Ministry of VWater
Development is concerncd with overation and maintenance of
water supply treatment facilities, has shown that there

will be national cessation of water supply gservice in Kenya
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within 13 months from May 1976, if no action is taken to
correct the present policy.47 This prediction emanatqs
from the long term objective, the development programmé,

the populaticn served and the recurrent funding need.

 There is a crisis in water supply in Kenya tdday
Because "the actual provisibns fail below the desirable
levels" 48 Farrant attributes this situation to absence of
.policy for water uupply management appropriate to its unlque
‘nature of a commer01al enterprise of produ01ng and selling. 49

Ie adds that a change of policy is necessary and that that

change of policy must be given practical effect.

Thé'reason for the crisis in water supply according .
to -the Water Departmént ig the seriﬁus inadoqﬁﬁoé of funﬁs |
"offered for administration, operatlon and malntcnance of
water supply fa0111t1ei. 4 change in the recurrent fundmng
pblicy'for water supply is necessary in order.to make water
development drive possible.

Th; Kenya Treasury has provided én estimate ﬁf between
some £ 250,000 to £ 300,000 for water supply administration, '
6peration an@ maintenance for the financial yea£ 1976-T7.

The Water Departmén% estimates that this émount is about 20%

" short of the satisfactory amount.

It is to be noted here as observed by concerned personnal
in Water Department in Nairobi that "a given level of water

supply service requires adequate annual provision of labour -
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skilled and semi-skilled, fuels, chemicals, trarsport,
miscellanedus materials and equipment, suﬁervision and
~administrative services".SO Thus if a good service 1is required
there'must Be a.minimum funding level. Below'this level .
proper services will be interferrd with. Each water supply
development entails an additional running cost embracing

more men, fuels, chemicals, etc. which in turn need adequate

recurrent funding.

Where tﬁe Kenya government has contracted with foreign'
~ governments for obtaining aid for water development programmes,'
" one of tﬁe condi%ions is that the KenYa governmaent shall be
~ solely res?onsib}e for the funds required for operation of

such water development programmes.

From the pownt of view of the governmcnt, Wthh

pTOVldeS water for public consunptlon, in order that the

cost of prov1S1on of water'”a”;be econom:c, "the prlce of
water is fixed.at a lev 'roduces an income sufficient

to cover a prgdeterm;ngb otal cost, 1nclud1ng

"restriction of va ’tatlon of funding
will reduce water revenue_and\W1ll often actually increcase
net expenditure -’whlch is surely the quantlty which we

ahould be mnst concerned to reduce".SJ It is further observed
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E that as more people are served, more of each of the several
inputs, such as 1abour - skilled and semi-skilled, fuels,
chemicals, tvansport, miscellaneous materials and equipment,
and supervision and administrative services, is needed, and
this would increase. the actual expenditure, but it would aléo

produce more income.

Experience in the Vater Deparfment shows that.increaseé
in persdnnei for wafer supply and related services can be
made possible only by 1ncreases in fund estlmates made for
personnel out31de the established posts in the Ministry of
Water Development, as the personnel in this portion constltute
60 per cent of the total. The prov1snon of these Iund |

_estlmates for the personnel outs;de-the-establ s\_

is necessary for the water works tofbe\runfef ectlvely.

The foect of Water Supply Develoopment on Recurrent Evxpendiiure
Need ' '

An attempt has been made to show apprOX1mauely

a statlstlcal‘relatlonshlp between the capltal value of waue“

It lStpOSSlble

supply install; sland the runnlng expenses.

capltal value of the 1nstallatlons and the runnlng nxpenues
55 -

~because supplies vary widely".
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One me thod, uscd’by A.E. Farrant, tc show-the

relationship referred to above is the mulfiplicatidn by a
certain facfor of the installation "asset value". "As {he
esset #alue grows over the yCars through develcpmeut carried
out and completed, so does the reculrent cos From the
Development mstlmates year by year are thus derlved the -
desirable operation funas.,MTheefactor selected 0.04 is a

;ionships between asset

rounded figure based on.the rel"’

values and recurrent fundsiwueuwthe“iatter‘were relatively

satisfactory".56f

Farrant also observes that although there 1s no

inherent relatlonchlp, a formuTa may be vsed to connect

' populatlon—served ilth_the recurrent rund need A statnutlcal

Yormula in thlspreSPect{may be ehown whcn the number oi

1972 as a means of prca_ current llnance ncede up to

the year 2,000. edcprogectlons by year are
made on the basis of?d f,prcgramme designed to reach
the century—end tar fateréfcr everyone.' Theee}are
multiplied by a perzcaplta annual cost to give the requlred
recurrent fundlng ‘ The unlt cost calculated bj the Sectcral
"Stud& in 1972 was shs. 15/- but longer experience has

- indicated thaﬁ this is a high figure eud that oue of shs. 15/-

at that time, corresponding. to shs. 9/- today is sufficient".5
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"A.third irstrument is to derive as accurate
figures as possible for actual fund issues.plus those used
to counter the shortages (in earlier years shortages were
insignificent). Owing to lack of cost analysis it is -
impossible to be precise in this", ....... nevertheless
"approximate allocation of administration/supervision and
personﬂel costs based on "weighing" of activity levels

has therefo;e been used".58

Thus the above three methods have resulted in the
following forecasts of population, insta]]ed‘water éupp]y
aSbets and recurrent water uupply costs 1n Kenya (echualng
the Coaqt Province) between the year 1970 to 200059 (see.
Teble 19).

' Phe Effect of Inflation

It is to be noted here that "s1nce the escalatlon

of 011 prices eommenced in latei1973‘.the1ewhave been

-supply.. Ii lo noted that for
that there will be a constantjdveralﬂgratgiof ;nflatlonkof :

10% per annum,



Ta>le 10: Forecasts of Population, Ingtalled Water Suonlv A:nsety, Recurrent Water Suponly Costs
(mxelucing Coasty -~ 1470 = 2oyl

At 1376 Monetarv Value

Year Tota{_ Pop:;gtion Installed ‘ Qough Istimated Recurrent Coct Actual Allocation
P?nga.lon §2%2$ by Aiéggtzupply In;;?er sogzitgion ?ig%gi X
department Supplies | ©~ * <
{ millions) |{ millions) (£ millions) (£ milligns)’ (£ millions) (£ millions)

1 969-70 11.0 1.0 20 72 15/~ 0.75 | .04 9.79 0.78
1970-71 11.40 1.05 21.05  ° 76 0.79 0.80 0.83
1971-72 11.80 1.15. 22.75 92 0.86 0.86 .91
1972-73 12.20 1.25 25.00 112 .0.94 0.91 0.99
1973-74 12.65 S 1.40 26.90 132 1.05 1.00 0.94
1974-751 13.10 1.60 30.15 ° 147 1.15 ° 1.07 0.95
1975-176 13.55 1.80 34.75 185 14.00 1.26 1.20 1.04
1976-77 14.05 2.10 139.90 220 : 1.47 | 1.39° . 1.12
1977-78 14.55 2.50 46.30 255 LTS | 1.60 -
1978-79 15.05 3,00 53.50 ‘ 300 2.10 1.85 -~
1979-20 15.60 3.60 63.50 . 360 2.50 2.14 -
1030-51 156.15 4.20 80.00 430 .14.00 2.90 | .038 2.42 : : -
1931-82 16.70 " 4.90 100.00 510 3.40 3.04 -
1282-83 17.30 5.70 - 120.00 600 4.00 "3.80 -
198%-34 17.90 6.60 140.00 700 4.60 4.60 . -
1234-85 18.50 - 7.50 150.00 800 5.30 5.30 ) -
11735-86 19.15 8.40 180.00 . 900 .. 5.90 | 0.36 , 5.80 -
292657 19.80 9.30 260,00 1000 6.50 6.50 : -
156 /-83 20.45 10.20 220.00 1100 . 7.20 7.2¢ -
19¢2-69 21.15 '11.10 240.00 1200 : 7.80 - 7.90 o -
198390 21.85 12.00 260.00 1300 8.40 8.60 -
1690-91 22.55 12.90 280.00 1400 9.00 : 9.30 ' -
1991-92 23.350 {. 13.80 300.00 1500 9.70 . 10.10 . , -
n932-93 24.05 14.70 320.00 | 1500 10.40 10.80 - -
h932-24 |~ 24.80 15.60 - %40.00 1700 11.00 . 11.50 ‘ -
ho34-95 25.55 116.50 360.00 1800 - 11.60 12.20 ; -
[1995-96 26.35 17.40 280.00 1900 ’ 12,20 . 13.00 ‘ -
L536-97 27.15 18.30 400.C0 2000 12.80 13.70 -
11997-98 27.95 19.20 420.00 2100 12.50 14.40 -
l1ige3.90 25.80 20.10 440.00 2200 - 14.10 15.10 -
21939-2000 29.65 21.00 460.00 2300 . 14.70 15.80 -

H
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Asset values of iﬁstallations shown in Table 19
"are given'in terms of present day cost of constructing
all the existing installaticns, as they stand, without
debreciation".6l It is here, assumed that a sﬁpply is in

good working order as it is beiiy, maintained day by day,

“Population figures shown in  Table 19 are reasonabtly
reliable up to the year 1980, according to tae Sectoral
Study findihgs. The coverall population increases in Kenya
is taken as averaging about %.5% per year and local
variations are ignored becauée these are not known from\year
to year. Thus the figures for population served in any
year are regarded as reasonable approximations guided by

round figurcs produced by project investigations.62‘

Table 20 below shows "the rises since 1970 in'prices

of some typical materials and equlpment in electricity und

. ' 63
in salari es". °  From these rises in prices "a watex

supply cost inflation index has been derived which is used
to refer all figures of development and current cost to a
single currency value as at Januwary 1S76 represen ”'15 the

Year 1975-75".64



Table 2C:

i

Irflatinnary Trend in VWater Supplv Operation and Maintenance

(1) Indices for Various Coct kinds by Year
63-70| 70-71{ 71-72{ 72-73 | 1Z-T4| T4-1> |15~76 |Percentagz of
whole

itabour (average) 100 100 112 112 130 130 152 30
Diesel 100 100 100 |112.5 171 {197.5 226 18
Tlcetricity (tariff 3) 100 100 117 125 175 205 206 12
Chemicals 300 §101.5 |101.5% 1101.5 144 216 216 7
tleters 100 102 105 108 156 173 199 10
Piping (steel) - 100 106 114 124 135 | 149 162

Piping (p.v.C.) 100 100 |122.5 160 234 234 234
=ngines 100 116 135 142 153 17 225
Punps 100 | 132 | 143 | 148 | 150 | 248 | 270 '

fimber 100 116° 121 121 141 169 183
Cement 106 107 119 132 145 156 172

‘verage J00 110 125 137 160 169 202 10
Jjiscellansous purchase

of uniforms etc, 102 100 130 130 179 150 180 10

(2)

Commi‘ntion of Averare far Wateyr Sunply Yv Onerztian ond

E]

¥aintenarce Change rnlv

3.6 -

Labour X .3 -+ v - - - 3.6 9.0 -9,0- 1 - IR R TP S
iesel x ,18 - - - 2.2 112.8 | 17.5 |22.7

Slectricity X .12 - - 2.0 | 3.0 | 9.0] 12.7 |12.7

Chemicals x .07 - 0.1 - s - 3.1 8.1 8.1

ficters x .10 - 0.2 0.5 0.8 5.6 7.3 9.9

Zguipment x .13 - 1.3 | 3.2 4.8 .86 | 11.0 [14.0

tliscellaneous x ,10 - 2 3.0 3.0 3.0 5.0 8.0

Average 100 o1.6 |112,3% |127.4 h¢9.3 11705 1191.0

{ear 59-70 |70=71 |71-72 [72-73 (7314 | 74=75 [15-76

“resent value of 191 187 170 162 | 127 112 110 Cemputed
jpurrency 190 185 | 270 ] 160 1 120l 112 | 100 Rounded

6
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It should be noted from Table 20 above that
when the overall cést.of opération and maintenance of water
supply is considered on the avcrage, the following distri-
‘bution shows the share that goes to each of the facﬁors

involved in operation and maintenance of water supply:

- Labour "~ 30 per cent
Diesel. 18 per cent
Electricity 12 per cent
Chemicals 7 per cent
Meters 10 per cent
Equipment 1% per cent
Miscellaneous 10 per cent

Considering the inflationéry trend noted above

' tégether with other factlcrs vertaining to water supply

asscls, management, operation and maintehance, projections

of development costs and consequently of funds needed fbr
water supply services in Kenya, taking account-of'the" |
present monetagy values in Kenya pounds as per January 1, 1976,

-

65
~show the following from 1970 to 1980:) (see next page).

. It should be noted that the actually provided
ménagement, operation'and maintenance funds.shown in Tadle 21
"are based on discussions with the Treasur&", and'if is
‘observed that "unless thére is é change in poiicy thé increases
appear only likely to cover inflation.and hence unable to

cater for any growth at a11", 60



Tahle 21:

Water Supply Develooment Funds, Asse%s and Managerent, Overation and Maintenance Funds (Gross)
1970-80 in.January 1. 1076 wone sary_Valiues in Lenva Pouncs
{&ear Inflation Urban Rural Net | fotal 1975 Actually provided (inflation corrected)
Factor Development |Development| Assetls Assetis Assetls lanagement, Cperation and Maintenanrce
Tunds Punds taken (estimatec )i X .04 Funds _

[ over Urban Rural ﬁiﬁiiiﬁggu Total
19€2-T70 1.9 200,000 200,000 20,000,00C 790,000 620,000 160,000 7£0,000
1570-T71 1.85 300,600 1,200,000 - 21,500, 00¢ 800,000 670,000 - 160,050 850,000
1071-72 1.70 130,000 1,120,000 - 22,750,00C | 860,000 580,000 160,000 170,000 10,000
1972-72 1.60 150,000 2,100,000 - 25,000,00(§ 910,000 620,000 190,000 180,000 €80, 00C0
1973-174 1.30 200,000 1,500,000 1200;000 26,900,00(11,000,000 550,000 | 190,000 200,000 340, CCC
1074-175 1.12 600,000 2,550,000 [LCO,000 %0,150,00C |1,070,000 520,000 220,000 220,C00 860,C0o
1975-76 1.0 1,200,000 %,400,000 80,000 '34,750,00( 1,200,000 530,000 270,000 240,000 1,040,000
1976-71 0.¢ 1,200,000 3,750,000 200,000'39,900,00('1,390,000 565,000 297,000 260,000 1,122,000
197778 0.8 1,400,000 4,800,000 (200,000 46 ,300,00C |1,600,000
1978-1% 0.72 1,500,020 5,500,000 {200,000 53,500,00¢ |1,850,C00 )

1972-80 0.64 1,800,0C0 6,000,000 {200,000 63,500,00C 2,140,000
|

rc
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The dévelopﬁent éosts for rural and urban water
supplies as shoﬁn in Table.21 above are based on the
.Sectbra1.Study predictions ""but corrected for intervcning
i inflation (X 1.7) plus project sophistication increase which
has become standard since %those times, say 20% average".

The original figure was £, 220'million, but when a factor

of approximately 2.0 is applied to cover intervening inflation
plﬁs project sophistication increase we get £ 440 million
..(+£ 20 million baseline 1970) as the total investment

(1976 values) for all Water Department areas in Kenya other
than Coast.68 Farrant, of the Vater Department in Nairobi
observes that the actual magnitude of the funds required

for water developirent may be up or down 25% from the amount

indicated above (£. 440 million + £. 20 million baseline

T970) withant invaelidatine anit Af tha anmimanta Tam Sha
b ) . . 4 B ST e T ey AN ekt R s da uia — e [

needed funds for development, esPecialiy for the years

immediately ahéad.

It should also be noted here that as the number
of water supplies per unit area increases overheads and
_serviéing of various kinds per unit installation will decreasa.
It is estimated that the amount of reduction in cost in this
respect may be‘up to 10%, and this reduction has been incor-

_ porated in the long-term recurrent costings.
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Sewerare and "Miscellaneous" Costs

Cost heads of sewerage and "miséellaneous" are at
present minor. Sewerage and ﬁiscellaneous coéts have thus
- far not yét experienced serious difficulties. "Sewerage
in particular has yet to establish a firm pattern of growth
and opération and maintenance responsibilities arec yet to
be clearly determined", according to A.E. Farrant of the

Water Department, Nairobi.

However, as opposéd to a few yéars ago, sewage works
are now overloaded in urban areas because of too many ﬁéople
vho now reside in Kenya's urban arecas. Sewage treatment
facilities in urban areas originally were not provided for
as many people as now rneed these facilities.

Specific Problems Pertaining to Construction, Operation. and

Maintenance of Water Suvply and Sewage Treatment Facilities

As has_ been pointed out above, due to a rapid
increase of population in urban areas, sewage works are nov
overloaded. It is also observed thaf the designs of sewage
works are not very good to begin with, but that now sewage
conditioﬁs are better designed than before. Observation and
a recent study by the author pertaining to sewerage shows
that water cleset is suitéblé for large towns and pit latrines
are rccommended for smaller towns aﬁd rural areas. The
author observed that.in towns persons of different socio-
economic class uyge different types of sewage or waste water
facilities. A larger proportion of persons of a high socio-

economic ¢lass vyis a vis those of a lower cocio-economic
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class ' yse watei closet‘aﬁd a larger proportion of persons
of a lower socio-economic level use pit latrines. A study
of water usage in the towns of Mombasea, Kisumu, and Nyeri
analysed in chapter 5 corrcborates this observation of
differing usage of water facilities by persons of different

socio-economic levels.

In rural areas water payment rates are subeconomic
because they only cover the cost'of operation and maintenance.
Eventually these rates cannot cover the value of assets |
used in installing water treatment facilities, and other
recurreht costs. Only in urban afeas do we find economic
water payment. This means that if treatea water is provided
to the entire population of Kenya by the year 2000, the
majoriiy of RKenyaus Whu @il puolk ond who livo in rural prens
- (at present these account for 90% of the population) will

be paying water at subeconomic rates.

Construction of Facilities for Water Supplv and Sewage

In the initial stages of project preparation for
water supply and sewage treatment facilities there is manpower
shortage.in Kenya for this type of work. Consequently, in
these initial stages of project preparation the country
resorts to expatriate advice and know how. Bﬁt Kenya has the
capacity to construct the facilities for water supply and

sewage.



Financial Prnblem

Generally speaking, there is inadéquacy of manpower
in‘both water supply and sewage works. At some stage of |
water development in Kenya there.ﬁay be financial problem
as the foregoing andlysis pertaining to shortage of ménpower
due to lack of funds has shown (sece Tablé 17). The cést of
Water supply compared with the capacity to finance -Shem
is too great in Kenya today as personnel in the Water
-Department observe. The bigger the per capita'consumption
the more money is required to run the water supply and .

sewerage.

Operation and maintenance of water supply and

2 cozt o lct ¢f menecy, Mhe monoy feor o

-—-— -y -

‘maintenance comes from Kenya, not from outside donors.

The cost of construction of water and sevage treatment
facilities is nmet by Kenya‘and‘also by loans and grants from
external bilateral and international organisations. The

proportion contributed by both varies with different cases.

lAnothéf_aSpect of the financial problem fa&ing the
Ministry of Watep Development is that cohcerning recruitment
and retenfion'of staff for the work pertaining to water
supply and sewage operatibn, maintenance and administration.
" Government salary‘scgles are not attractive enough to recruit
.and retain staff in the higher as . well as in the lower

echelons.



- 98 -

It should be noted here that since 1970 when a
.definite blan for Water development was 1aunched, until
1973 the funding for water development approximately
~coincided with the computed'needs.69 The computed ﬁeeds
were approximately met until 1975. But the beginning of
1976 saw deficiency.problemsvwhich have embraced major -
laying off of labour, re-allocétioh and recharging of
recurrent costs to suitable development needs (e.g. Mincr
Augmentations).7o This trend is éontinuing unless adequate
vevenue is allocated for administration, operation, maintenance,

and construction of water supply and sewage viorks.

Revenue

Farrant in his paper on Water Supply Administration,
O,.2ration and Maintenance has advised the Kenya go#ernment'
that by increasing reveme (reasonably) the recurrent cost
is decreased. This must be done if the present wvater |
development plan envisaged by the government from now until
the year 2000 is to be carried out to completion. If this
is not done, then the development programme must be adjusted
"to suit the recurrent fund allocation decisions, and if this
adjustment is made then it means that the government's
desire to provide piped water to everybddy-in Kenya by the

. year 2000 must be abandoned.

* Repayment of Loans.

Any loans that the Kenya govefnment has recéived

from external bilateral and international organisations
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beginning 1970 for'watef develepment should be repaid

from the beginning of the year 1980. Thus ten year pefiod
of grace has been given; Beginning 1980 repayment of

loans and iﬁterest charées will have to be met within a
period of 25 years.,K The calculations which embrace a

25 year repayment period and soft-loan terms of‘Z% per cent
have been used and shovn in Chart 1 "in this repdrtj |
The calculations show that the interest charges would
reach "an ahnual level of £ 20 million at the year 2000

if the development costs suggested in the 10 year period

72

prove realistic".

Expenditures

The follewing ja +he totnl evpenditure on
wvater development and related services by the Central
govermment and other publlc authorltles 31nce 1971 to

1976. (& These expendltures 1nclude the Coa5u Province

of Lenya hltherto hot‘lncluded as 1n Tables 19 and 20

above



Table 22:

Central Government and C

on Water Supplies and Relased Services 197

~

1/72-1975/76

+her Pub.ic Authority Development Expenditures.

1971/72 1972/73 1973/74 1974/75 ... 1975/76
Mi%éigigpggnﬁater- £1,402,000 £2,375,000 £2,912,000 £4,579,000 .£8,75§,OOQ
Mombasa Pipeline - : ] :

Board £ 123,000 £ 264,000 £ 333,000 £ 474,000 £ 840,000
Other Ministries £ 102,000 £ 89,000 £ 191,000 £ 155,000 £ 123,000
Local Authorities £1,652,000 £2,086,000 | £2,482,000 £1,831,000 £2,188,000

Total £3 273,000 | £4,814,000 '£5,918,000 £7,039,000 £11,910,000

001
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The above Ifigures show a substantial increase in
public expenditures on water development from il.£ 7.9
f million in 1974/75 to K.£ 11.9 mllllon in 1975/76. This
1ncrease show" the government's determination to provlde
vater for the whole nation as soon as POuSlble. "0f the
183 water schemes under the control of Ministry of Water
Development 80 are located in rural areas and this nunber
is expected to 1norease in future yedls" T4 (see next

page for Table 23).

The flgures in Table 23 show that the total outlay
of development expenditure undertaken by the Mlnlstry of

Water Development rose by 91.3 per cent from K.£ 4.58 million

in 1974/75 to K.£ 8.76 million in 1975/76."°

Almost 50 per cent of the Ministry of Water

Development's expenditure is earmarked for specific provision

of'water suppiy in the rural areas.l6_

Table 24 is the prov1n01a1 dlstrlbutlon of rural water

supply progects being undertaken by the Mlnlstry of Water

17

Development. (see page ).



‘able 23:

Develorment Expenditures for Water Suorlies and Relates Se

r»vices by the

Ministry of Water Development,

1971/7:-1975/76 (in Kenya £)

1971/72 1572/73 1973/ 74 1974775 1975/75
XK.£ K.L K.£ K.£ K.£
Urban Water Supplies 208,000 - 180,000 45,000 452,000 1,495,000"~
Rural Water Supplies 654,000 1,292,000 1.141,000 2,300,000 4,122,000
Water Resources Surveys 11,000 80,000 138,000 267,000 578,000
Lake Victoria Hydro- ' .
meteorological Survey] 46,000 50,000 52,000 57,000 342,000
Dam and Borehole : | L | ,
Subsidies 8,000 8,000 105,000 174,000 290,000
Livestock Development . . .
Project Range Water 392,000 282,000 450,000 779,000. 976,000
Miscellaneous .
Programmes - 83,000 485,000 981,000 550,060 886,000
Total 1,402,000 2,575,C00 2.912,000 - 4,579,000 8,759,000

cotl
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Table 24:

~Rural Vater Surnlvy Project Schemes Overational
or mxrociae o ba Uperational av
June 1974, 14yH &and 19/0

Province June 1974 June 1275 June 107§

No. Cost No. Cost Mo. Cost

- K.L K.£ K.L
Central 51 606,000 7 998,000 8 |1,080,000
Coast 8| 202,000 | 11 345,000 1 381,000
Eastern 12| 203,000 | 12 20%,000( 16 | 532,000
North Eastern | .7 37,000 | 11 84,000| 10 | 136,000
Nyanza 71 292,000 | 12 605,000| 22 | 605,000
Rift Valley 21 245,000 26 363,000] 31 674,000
Western 3| 115,000 5 339,000 6 | 575,000
Total. 63 11,700,000 | 84 [2,937,000| 93 | 3,983,300

Tue figurces 1u IzUle <4 avuve DIOW wiav VLG linlnues
of rﬁral schemes completed or cufrently.nearing completion
under various programmes increased from 63 in 1974 to 93
in 1976. It is expected that rates of incfease for the
number and valie of projects as indicated here are likely

to continue in the years to come.

"In the‘rurél areas the'government is encouraging
water supply schemes to be developed by community self-
help efforts. "The value of self-help water schemes
initiated since 1971 and the proportion of the costs of
such schemes COnxributed by local participants were as

. 8
follows:"7



Year ; Value of Schenes Proportion from Beneficiari=ez
1971 K.£ 233,000 64.4 per cent
1972 1.L 205,000 79.5 per cent
1373 K.£ 260,000 81.2 per cent
1974 K.£ 226,000 83.6 per cent
1975 K.£ 229,000 82.1 per cent

The above figures which show the contributions

of the beneficiaries in rural

areas to their self-help.

water supplies show very high proportions as compared with

what the government

‘years shown above.

+hia 9ni

nt undertak ne by

contributed in each of the respective

As was pointed our in Chapter 1,

covermment and the people

themselves reduces governmenit expenditure a great deal

in an affort to provide the populace with water supply in

the rural areas.

Develovment Exvenditures for Water Suvplies and Related

Services

07 AL L INiSTTY

-t - NI e~y - t oy oy
of Watexr Lovelguiani Lomnaraid

Wilh Hevirnue Hscoived Zrom Sals ol viater and SoWITaNS

. 4 P -~ LY e s - T -~ o R S | o ] o 5 : -~
and LeiusSE nomoval Lnarses ov wiunicipaliilics in aghye

Perhaps a comparison of development expenditures for

vater supplies and related services and the revenue received

from people vho utilize such services by paying for them

may shnw whether Kenya's urban population which uses water

and sewage is able to repay for the services rendered it

by the Water Department. This comparison is shown below

for the years 1971 to 1975:

79
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Year Revenue from Sale of Development Expendjiiures
vWater and Sewerase and Tor Water Suvvlicz ang
Refuse Removal Charges Related Scrvices by the
in Urban Arcas Minictry of VWater
(Municipalitics) Development

K.& K.£

1971 2,804,000 208,000

1972 5,351,000 180,000

1973 3,219,000 45,000

1974 3,816,000 452,000

1975 4,792,000 1,495,000

The above comparative figures have not taken into

account the pecularities and differing conditions of

different urban areas in Kenya.

Also it should bé noted

that the development expenditures chown abowve may not hav

included certain expenditures concerning salaries and wages

and other important incidental items in operation and

maintenanre of water supplies and sewerage. Nevertheless,

it can be observed from the above figurcs that urban areas

are in a good position to repay for the services rendered

to their populations by water supply and sewerage works.

Conversely, the rural populations at this time cannot meet

the recurrent expenditures that go into thelr Naber supplies

because their incomes are not high enough.



Lack of Traincd S¥ilied and Techniczal VWorkers

As pointed out carlier in tﬁis report, Keﬁya lacks
trained skilled and technical workeré in many fields such
as automotive, mechanical, elecirical and building trades
to mention a few outstunding examples. It has also been
pointcd out that the Kenya government and a number of
.pr;vate firms have instituvted forinal in«service training
programnmes which cater for people vho want teo undergo some
typé of technical or craft training. Thec number of persons
wvho enter such 1lype of {raining depends upon minimgm entrance
qualifications, the number of places available in
training institutions, and the prpspécts for employment
which are usually dictated.by the salary scales offered by
private firms.

There are about 6 government training institutions
and about 9 training institutions (6f employers) belonging
“to private firms which offer formal in-service fraining
‘programmes for craftsmen and technicians in the fields of
electrical, mechanical, civil engineering, automotive, and
other trades (see the list of training institutions under

the title "Formal In-service Training Programmesifor Employees"

in this report).

Lack of trained skilled and technical workers may be
accounted for by the fact that the Directoratelof Industrial
Training (2 Kenya government body) and the empleyers, be
they the éovernment or the private sector (firms and

industries) regulate and control how many persons may be
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trained at a time and for what trade.

"The Directorate of Industrial Training has

~stated that the apprenticechip scheme has priority over

" o 80 .
other forms of training at present". Therc is also

o

educational requircment for entry to training: the entiry

- requircment for a three yecar crafti apprehticeship "is
éompletion of secondary academic school Torm IV and the
‘Bast African Certificate of Bducation (tochnicél), and
"for the technician apprenticeship scheme the entry
requirement is completion of secondary academic school
Form IV and the East African certificale of Education with
credits in English, Mathematics and a suitable science

subject"WSl

The procedure for recruifment is as follows:
" the employérs tell the Directorate of Industrial
Traihing the number of apprentices and tfades that they.
would like to fecruit and the Directorate sends the appropriate

number of candidates along for interview".

Wage-scales for craft apprentices grade 1 differ
between industries but are standardised for all firms within
an industry, irresPéctive of size. But all wage-scales
for craft apprentices are laid down relative to those for
grade 1 craftsmeh.s3 Firms which want to tfain their
employees must reach a certain standard of facilities

as a condition for their training to be recognised by the

.government and thus qualify for a grant under the Act.
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There is a standardised procedure for testing, based on

'proficiency tests aud City and Guilds examinations.

It is to be noted nere that in accordance with the
apprenticeship scheme described above the smaller firms
lack interest in the apprenticeship scheme because, as

summarised by Godfrey:

"in many cases thecir facilities do not
reach the required standard, the scale

of wagcs for apprentices is ofien much
higher than they can afford to pay.....
(the effect on the inlernal wage structure
‘and industrial relations of a small firm
of taking on a young school-leaver who 18
known by the older "unqualificd" craftsmen
to be getting conciderably more than they
can well be imagincd). And, after the '
apprentice has completed his training

the full cost of his wage, now eguivalent
WU vl v ua @ 5.;u\1~. I vrad ‘uum'c«il, sl vl
the employer. Secondary school. leavers

do not want to work for smaller firms".

King (1975, p. 90)84 points out that the secondary technical’
schools are rapidly academicing themselves and 'haveifor
the first time in their rather chequered history captufed
some of the best qualified candidates from the quarter of

85

a million odd primary school leavers".

King suggests that such a group "will be unwilling
to settle for the role of 'skilled journeyman' and will
tend to 'gravitate towards that mirority of institutions
that recognise formal qualifications and.offer avenues
of upward mobility'.86 Godfrey also observes that it seems
as if different types of skills are appropriate to larger

capital-intensive and to smaller labour intensive firms,
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' iﬁpiying 2 ncead for different modes of training. "Phus
the sort of training offercd to apprentices at the
industrial training centres is not seen as relevant by
»small firms, where, solutions to a wide range of technical

. . . 87
problems have to be improvised with few resources",

It is also to be noted that the larger firms also
are not happy with the centralised mecthod of recruitment,
They would welcome more flexibility. JFor example, although
they are happier with the apprenticeship scheme, some of
them find the ambitions for upward mobility‘of secondary-

school leavers a problem,despite the fact.that others |
among ithem at the same time see the advantage of having
a more cducated higher paid, skilled workforce. Those
laige Liims whicn are unnappy with upward mobility of
. secondary school leavers argue that 1ese educated workers
have no difficulty in'acquiring the necessary skills and
So they see no reason why they should be forced to recruit

direct from secondary technical schools.

Thus, the conditions descfibed abeve have accounted
for only private firms employing more than 1,000 people
and government, parastatal and EFast African Community
(government body), in the final analysis, employing skilled
persons and techniciané, using the apprenticeship scheme
wnereas the smailer indigenous and Asian owned firms in
Kenya have employed é.negligible number; The following

table 25 illustrates this phenomenon clearly:88



Table 25:

1975 Direcitorate of Industrial Iraining Avprentices Recruitment
Trade and Typ2 o Implover ’

Private firms Gov :»nment parasvatal -~
employing more and zmast Africen Other Total
than 1.000 " Commniiv _ :
No. % No % No. % No. %
Automotive Trades 54 , 18 11 16 4 6 63 |100
Mechanical Trades 55 44 16 13 54 43 125 1100
Electrical Trades 27 45 27 45 6 10 60 100
Building Trades 1 2 35 65 18 33 54 1100
Total 137 44 89 29 82 27 308 1C0

0Tt
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Note that in Table above fhe "Other" category
"consisted of largé.and medium;sized international companies,
with a negligible répresentation of the smaller indigenous
and Asian ovmed firms.89 Private firms employing more
than 1,000 persons -<in the context of Kenyan industry are

considercd to be giants.

It is to be noted here that due to economic recession
in Kenya (which is worsening) and other factors which have
been discussed above, there was a significagt drop in
recruitment of apprentices during 1975 which manifested
itself in a severe problem of unemployment of secondary

90

technical school leavers. "A sﬁrvey carried out by the
Minisizsv of Pduceticn and published in August 1975 found
that even after {he Directorate intake of craft apprenfices
ﬁad been completed, ovér 58 per cent of the December 1974
leavers were still 'looking for work'". . The following
table 26 giVes.the full picture of their status at this

time":91



Table 26:

Technical Secondary School Gradua

ter Directorate of Industrial

Training

Student Working and Military Employed Looking Cthexr Total

Going to or for

Scnool Self-emp-~ Work

loyed

Mechanical 8 39 2 10 39 2 100
Electrical 15 18 - 2 63 2 100
Motor Vehicle - 38 4 9 48 2 100
Building - - 22 - 2 T4 2 100
Total 4 28 2 6 58 2 1C0
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This reoruitment end unemployment status such as the
one illustrated heie affects different kinds of social
and economic development iniKenya because it affects
the availability of manpower in the government and private
firms alike. For example, skilled workers and technicians
capabie of operating, maintaining, and constructing water

supply and sewage treatment facilities are lacking.

It showld be pointed out here that in the future
"most formal training will be young sponsored students
already in employment". This means that access to such
training will be closed "to.several neglected groups,
particularly older workers, the unemployed and those with

insufficient educational qualifications for entry to the

) ~
scnewme’,
o summarize this'section on 'lack of skilled and

- technical workers with a view to recommendlng ways and means
d'of encouraglng formal 1n—serv1ce tralnlng for more skilled
.and technical workers for recrultment in the varlous fields
for social and economic development the following procedure

should be followed. (Note that this summary is adopted from
Godfrey's work, op. 01t , p. 27-28): .93

1. It.ie recommended that a more decentralised apprentice
.recruitment procedure should be foilowed, and the
Directorate of.Industrial Training centralised
recruitment facilities should be available to those

firms who wish to use them.
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The minimum entry standards fof a three—year
craft apprenticeship should be reduced to
Certificate of Primary Education (Standard VII),
although the normal entry standard might remain
East African Certificate of Education (Form 1V

Technical).

Smaller firms with inadequate facilities should

be encouraged to seek attachment of their apprentlceu

40 larger firms.

A review of wage-scales for apprentices should
be undertaken, con51der1ng 1n partwcular the questlon
of the uniform wage—ucale W1th¢n an 1ndustry

Lregatiicon ol siac of .Lllul.

Skill improvement courses should be reviewed with

committee ipitiatives on this but'shquld also..

consider the use of government funds fo subsidise

a wider range of "open" skill improvement courses.
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6. Public funds should be used to subsidise wages
of iearners in firms too small to be covered by

the levy—graht scheme.

7. The above recommendations imply a crucial rele for
the new currlculum development and technical
support sectlon of the Dlrectorate of Industrlal
Training, partlcularly in developlng uklll orofiles
and training syllabi and in planning in terms
of long-term projections but of 6ontinuously |
monitoring the changing training.needs of the national

economy.

During 1975, the 1n—serv1ce tralnlng survey carried

out in Kenya wanted to know the tralnlng quulremeuts for

existing staff in the flrms covered by the survey”affhe'

following Table 27 glves "some 1dea of wher prlorltwes
for skill 1mprovemont might be seen to 11e by dlfferent

types of firms". 94
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Table 27: Tfraining Recuirements Revorted in In-scrvice
Training survey

(Wumber of workers requiring training as
% of totzl employed in each occupational

category)
Large Firms |Levied Non-levied
firns firms

Produc iion/supervisors/

foremen 45 4 2
Blacksmiths ‘ - 6 ~
Machine-tool setter

operators - 13 -
Machine tool operators .

etc. ' - ' 33 100
Machinery fitters/ ' ' : . .

assemblers - 31 100
Motor vehicle mechanics 62 , 82 -
Aircraft engine mechanics - - 100
Mechanics/repairmen 60 - T4
Autoerleciricians _ 9 10 ' 100
Plumbers and pipefitters o4 - 10U
Welders and flamecutters - 16 -
Sheetmetal and struc- '

tural metal workers . 4 53 -
Compositors and type- )

sctters . - 35 . . -
Pressmen - 16 -
Painters - | - 43 80
Stonemasons and brick- ]

layers - - 4 -
Carpenters and joiners - | 12 1 .100
Metal platers and

coaters . - | 50 . -
VWiood processing workers - -, 100
Knitters - - 1.00
All skilled manual and

supervisory workers 15 23 10
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The above Table 27 may be interpreted by
giving a few exampies: "Large firms (employing more than
1,000) felt that 15 pér cent of their skilled manual and
supervisory workers required further trainihg, levied firms
23 per cent and non-levied firms 10 per cenﬂﬂ.gs In the
pcase of plumbers and pipefitters lerge firms saw the need
fof {raining 31 per cent of their plumbers and pipefitters,
the levied flrme saw no nead of training further any of
their plumbers and plpefltters, and the non-levied firms
felt that all of their plumbers and pipefitters needed

~

further training.

Average Distribution of Labour Force in Kenya

Veonwg onfticial q.=+1q11ua assume that "the 1abc r

. force is made up of 95 per cent of the populatlon of males
‘ 96

~and 45 per cent of th “*"1es‘between the ages of 15-59".
In 1969 the total 1abour orce 1n'Kenya was approxlmauely
3.5 million. It 1s estinated that in 1975 the total

~ labour force was 5, 010 000 (5 mllllon)

If labour force iS'defined in terms of wage
employment (note that wage employment is not the only
component of 1abour forcc) then the folloW1ng was the

dlstrlbutlon of 1abour foroe in Kenja durlng 1973 and 1974: ?



1974

Tear | dncockilled Totadt % oL Semi-sxilied % 01 Soiil- Sxilled |% of Professional | % of Froressicn-
Labourers Labour Unskilled |Workxers in skill.ed Workers Skiiled 2l over Total
in wage Force over total |Wage Employ— over *otal over total Labeur Force

Exployment Labtour ment . laborwr Labtour
Force forc: Force
1973 259,868 5,010,000 5.17 96,153 1.22 105,546 2.13 9,095 0.x8
321,152 5,010,000 6.41 90,144 1.30 74,144 1.08 8,597 0.17
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_ The annual rate of growith of the labour force
between 1970-1975 is 2.85 per cen't;.99 Note that there
are other persons in the labour force who are not includeod
in wage emplbymént and who therefore are not included

in the above calculations and categories (for example

self-employed persoﬁs).

Among the highly skillful and techniqal workers
such as engineers, chemists, and ofhers, according to
. Manpower Survey carried out in 1972‘thepe were 74,261
Kenya citizens as compared with 25,560 ﬂon—qitizens.
Therefore the percentagze of non-local highly skillful and
technicalvworkers.over the total was 25.5, according to

100 )
the author's calculation from these figures.

"~ Unemployment

In 1975 there were 6.4 million pegple in Kenya
ﬁho were ecénomically active. " Of this number only 937,700
or 15 pef cent were engaéed orgémbioyed in the rodern sector
of the economy and some 247,000 peréons.were recegving
secondary or higher education. The remainder, that is,
over 80 per cent of this economically active popula%ion
"were either in rural areas engaged mainly in sméll holding'
agriculture and other infofmal preoccupations; or in the-
urban areas seeking gainful employment“.lo1 This is the
portion of the laboﬁr force in Kenya which may be said
.to be unemplbyed,although the preéise-proportion of the

total labour force unemployed is not known.



"Wage employment in the formal sector ic not at

present a large proportion of ihme totlal labour force”

102

as the following analysis shows.

Persons Fngaccd: Recorded Totals, 1972-1975

1972 1973 1974 1975 |
Modern FEstablishments - - 767 g n
Urban and Rural Arcas - 719,800 761,400 826,300 803,400 i
Wage Employeces '
Self cmployed and Unpaid o
family workers 50,000} 54,000 55,900 54,200
Informal Establishments -
Urban areas 33,900| 41,400| 76,200 74,100 |
‘;
Total 80%,700] 856,300} 958,400937,700 |

It is important to note that the percentage of

Kenya's total labour force over the whole nopulaticn as

it is today (1976) is approximately 37.4 1% is assumed that

Kenya's total labour force is 5,010,000 and the total

population is 13,413,000.

Public Versus Private Sector in Wage FEmployment

When we compare public or the governmént and the

private sectors as employers, present statistics show

that the private sector is the bigger employer as the

following analysis shows:

103



Wage Employment by.ﬁajOr Sceetor. 1972 - 1975

Annual Percentage Change

Private Sector 1972 1973 1974 1973 1973/1974 1974/75
Agriculture and ‘
Porestry 197,900 220,600 213 .700 165,500 -3.1 -8.6 -
Rest of Private ?
Sector 234,300 241,800 282,500 273,400 16.8 -3.2
Total Private - : ~e : :
OSectoil & 432,800 462,400 . 1436 200 468,700 7.3 -5.5
Public Sector 287,000 298,900 330,100 340,600 10.4 3.2
Total 719,800 761,300 826 .300 802,300 8.5 -2.0
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" Zhe above analysié shows that since 1972 up to
1975 the private secctor has been the bigger cumiployer., Thus
the government does not dcminate the iabour market. Public
employment services are readily available but they are not
fully developed to sewve the public efficiently. The
services are nevertheless being improved by assistance from

the Swedish government.

Annual Averace Income per Family in Kenva

The following was the distribution of income
according to wages earned per month and the total number of
persons who earned a certain egqual ¢ ount of money per

nonth in 19"/4-:104

Vage per month Total Number of
(shs.) Persons
Under 100 ) 47,069
100 - 149 102,631
150 - 199 66,741
200 - 399 - 179,790 .
400 - 599 121,929
600 - 799 ' | 59,869
800 ~ 999 38,731
1000 -1499° : | 36,167
1500 -1999 - 19,150
2000 -2999 : o 15,177
3000 and over 14,297

(Note that casual employees were excluded
from the above abalysis)
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Calculations from the above figures show that the
approximate annual average income per Tamily is K.&L 300

(shillings 6,009).

- Average wage earnings per emﬁloyee in Kenya during
1972, 1973, 1974 and 1975 were K.£ 287.3, K.£ 303.7,
K.£ 332 and K.£ 384.2 respectively. Taking the mosst
recent figure the average wage earnings per family in

Xenya is K.£ 384.2.10°

Similarly the estimated real average Qage earnings
per employee in Kenya in 1972, 1973, 1974 and 1975 were
K.£ 279.5, K.£ 271.2, K.£ 255.0 and K.£ 247.6. It can be
said that the annual average income per family in Xenya

7
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The Role of Familv Planning Progcraumme in Kenvae

Any water development plan aimed at supplying future
population must consider the rate of population growth in
ordef to give accurate projections of water demand. Kenya's
population at present is growing at the fate of 3.5 per
cent per year. It is noted that if‘this rate of pépulation
growth is not checked, Kenya will have a'population of about
34 million by the year 2000. Kenya hopes to ﬁrovide piped
water supply to everybody by the year 200C. The work of
construction, operat;on and maintenance of all yater supplies
and cost of sewerage.will be too much if the whole population

is supplied with water. The country may not be able to



provide tne money for the recurrent costs of maintenance
opération and administration of water supplies and sewerage.
In fﬁe light of this observation it is necessary to fingd

& way of curbing high birth rates in order to control a
rapid incrcase of ﬁopulation so that the country can provide
its population wit£ adequate and neccssary facilities for

livelihood.

Kenya's five—year (1974—197é) family pianning
programme will cost K.shs. 271,600,000 (X.£ 13,580,000) and
will reach 640,000 women and prevent 150,0QO births bj 1978.107
If {the number of births statcd here are prevented, the 3.5
per cent per annum birth rate in Kenya will be re@uced by
the year 1978. Furthermore, the aim of family planning pro-

gramme is lo give onvoftanitv fur molhers Lo lake carc of
“their children well and thus reduce infant mortality rate.
Mrs. F. Otete, thevDeputy Director of the.National Family
Planning Welfare Centre has observed thét family planning

progranme,

"would also reduce the cost of scnooling,
reduce pressure on housing and water
supplies thereby permitting improved
standards of living". (108)
Family planning programme in Kénya is expanding,
At present 400 service centres for mother and child health

progranmes are being established 2ll over the country so

that the programme may be more effective.



125

Footnotes to Chapter Four

1. Simeon Ominde, The Population of KHenya, Tanzania
and Uganda, Heincman, Nairebi, 1975, p. 94. This
percentage is based on figures of annual rate of
grovth cof the ten towns cited in this book.

. Ibid., p. %6-37.

.  Adopted and modified from Simcon Ominde, op.cit. p. 38.

2

3

4. Ibid., p. 30.

5-' Ibid., po 37-

6. Ibid., p. 50, and Central Bureauw of Statistics,
Ministry of Finance and Planning, Kenya Statistical
Diges®, March 1976, Vol. XIV-No 1, p. 5. A total
population of 11,000,000 million is used for calculating
percentages for the yecars 1968-1974 and 13,000,000
for the year 1975.

7. K. Diem and C. Lentner (ed.), Scientific Tables,
Tth edition, Ciba-Geigy Limited, Basle, Switzerland,
p. 495.

8. Jacques M, M2y, M.D, The Feology of Malnutrition

AN DAS LRSI ALULCE AU fOUL GUOWILLLLES OL weduelll ALl iid -
Studieg in Medical Geography, Vol. IX, p. 341. Also

in M. Bohdal, et.al. Nutrition Survey and Campaign
Against Malnutrition in Kenya, 1964-1968.

. 9. Simeon Ominde, op.cit., p. 111l.

10- Ibidc, p- '1110

11. Ibid., p. 111.

12. Ibid., p. 113. *Not indicated in the same Table.

13. Ibid., p. 112. Unly a portion of the Table is cited here.

14. The analysis is done by the author uulng the following
references:

Republic of Kenya, Economic Survey, 1976, pp.155-56, 158.

Republic of Kenya, Statistical Abstract, 1975, pp. 16,
190, 194, 195.

Slmeon Omlnde, op.cit., p. 112

15. Republic of Kenya, Economic Survey, 1976, pp. 155-56.
16. Republic of Keﬁya, Economic Survey, 1976, p. 152.

17. Communication by E.A, Wangal, Senior Education Officer
(Technical Dducatlon), MlnlStTj of Education, Nairobi,.



'18.
19.
20.

21,
22,
23,
24,
25.
26,

217.

28.
29.

30.
31.
32.
33.
34.
35.
56.

37,

- 38.
39.
40.
41.
42,
43.

Ibid.,

- 126 -

Republic of Kenya, Economic Survey, 1976, p. 152.
Ibid., p. 158

Republic of Kenya, Statistical Abstract, 1975, p. 194.
Ibid., p. 194. |
Republic of Kenya, Economic Survey, 1976, p. 92.
Tbid., p. 92. -
Republic}of Kenya, Eccnonic Survey, 1§76, p. 92.
Ibid., p. 92.

F. Munge, Deputy Secretary, Directorate of Personnel,
Kenya Government.

Communication by Mr. CGeorge I. Vafule, Assistant
Director (TLCnnlCdl), Dircctorate of Indusirizl
Training, Minietry of Labour, Kenya Government.

Ibid.

Martin Godirey, "Towards a Long-term Plan for Industrlal
Training in Kenya", A Report prepared under the auspices
of the United Nations Development Programme and
Internavional Labour Organisation. Decamher 1976, n 4,
Some of 1lhe statistics included here can be found in

Republic of Kenya, Statistical Abstract, 1975, pp. 244-45.

Ibid.. p. 3.
Ibid.,

Ibid.,

O N O W

P
p
p
Ibid., p.
Ibid., p
p. 6.

M.M. Ng'an'ga, Head of Department, Building and ClVll
Engineering, Kenya Polytechnlc, Nairobi.

Martin Godfrey, op.cit., p.9.
Ibid., p. 10.
Ibid., p. 9.
Ibid., p. 8.

Ibid., p. 11.

Ibid.z p. 11.

Ibid., p. 12.



44.

45.

46.

" Ibid.,

Martin Godfrey, op.cit., p. 1l1l.

Source: ‘ater Department, Nairobi: the data is
analyscd by the author.

Mr. A.E. Farrant, Ministry of VWater Developnent,
Nairobi. A communication from ir. Farrant, ead of
Operation znd liaintenance of Water Supply, Nairobi,

A.E. Tarrant, . Financing Vater Administiration, Opecration
and Maintenance, Preface (Summary of Arguments. -

Ibid., Preface
Ibid., Preface
Ibid., p. 2.
Ibid.,
Ibid.,

P

P
Ibid., p.
Ibid., p
Ibid., p
Ivid., p
Ibid., p.
Ibid., pp. 4-¢
Ibid., p.'89;
Ibid., p.°5.
Ibid., p
Ibid., P
Ibid., p. 5.
Ibid., p. 5. and Appendix 1.

Ibid., Appendix 3.

Ibid., p. 8.
Ibid., p. 6. The Sectoral Study was.carried out in 1972,
ibid.; p. 7. |
Ivid., p. 8.

p. 8.

Ibid., Chart 1, (Appendix 1).



- 128 -

72, Ivid., p.7.

73. Repnblic of Kenya, Economic Survey,.1976, p. 98.

4. Ibid., p. 98.

'75.  Ibid., p. 98.

76. Ibid., p. 98.

7. Ibid., p. 99

78. Ibid., p. 100

19. Source: Table 23 in this report and Républic of
Kenya, Economic Survey, 1976, p. 62. Note that
details of the different urban areas are noti analysed
here. : ‘

80. Martin Godfrey, op.cit., p. 14.

8l. Ibid., p. 14.

- 82. Ibid., p. 14.

83. Ibid., p. 14.

84. Not in the original quotation. The author has noted
+hia fram 2 foantnnte in (qu}'{‘rc}yﬁ Qp.(?ift) n. 15)
who also quoted it from Kenneth King, The African
Artisan, Centre of African Studies, University of
Ediuburgh, March, 1975. '

85. Godfrey, op.cit., p. 15.

86. Ibid., p. 16.

87. Ibid., p. 16.

88. Ibid., p. 15. Source: Directorate of Industrial
Training.

89. . Ibid., p. 15.
90. 1Ibid., p. 17.

91. Ibid., p. 17. Source: Technical Education Section,
: Ministry of Education (1975).

'92. Ibid., p. 18.

93. Ibid., p. 27-28.

94.  1bid., p. 21.

95. Ibid., p. 23.

96. Simeon Ominde, op.cit., p. 102

97. Ibid., p. 103. This was an estimate by the IT'.



98.

99.

100.
101.
102.
"103.

104..

105.
106.
107.

108.

129

The figures from which the percentages have

_been calculated by the author are found in Republic

of Kenya, Siatistical Abstract, 1975, p. 241, and
Simeon Nminde, op.cit., p. 103.

_ Simeon Ominde, op.cit. p. 10%3. This is an estimate

by the International Labour Crganisation in 1971.
Republic of Kenya, Statistical Abstract, 1975, p. 242-3.
Republic of Kenya, Econohic-Survey, 1976, p. 39. .
Ibid., p. 39.

Ibid., p. 40.

Repubiic of Kenya, Statistical Abstract, 1975, p. 259.
Republic of Kenya, Economic Survey, 1976, p. 46.

Ivid., p. 47. | |

F. Otete, Deputy Director, National Family Planning
Velfare Centre, Nairobi, East African Standard, 1975.

The East African Standard, 1975,



130 -

CHAPTER FIVE

ANATYSIS OF SELELGTED $WATER SUPPLY SITES

Chapter five is a continuétion éf the analysis of .
socio~economic data’(see Appendix B) pertaining to actual
sites where water supplies and sewaée have been established.
In other words, Chapter five is a contlruatlon of chanter
four with spe01al emphasis on the characterlstlcs of the

selected water supply sites.

The Tevel of Technoloey Available in Kenya -

Mechanical Equipment in Farms

-VSince Kenya.iS mainly an agricultural country oﬁe
would expect to find mechanical tools used in farming by
the majority of farmers. Unfortunately this is not the
case, | Although 90 per tent of Kenya's population lives in
_ruraT areas where farmlng is the maaor economic act1v1ty,
only the 1arge.farm holdmngs are mechanized. Such large
farm holdings have some mechanical equipment. For
example, in 1967 there were 812 crawler tractors, 5,420
vheel tractors, and 1,049 harvester threshers. 1 Subsistence

farmers,by far stlll the maJOTlty in the country, 5till

use hoes and other hand tools. -

"The use of mechanical equipment decreased between
1963" (when XKenya became independent of British rule) "and
1966 presumably because of the purchase and redistribution

. of many formerly European-owned large farms under the Million
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Acre Soheme“.2 By'this Scheme formerly European-owned

farms were to be bought by the government and eventually
redistributedlaud bought by‘African farmers. TLus since 196%
"the equipment of these farms may have been sold elsewhzre

or may haveomerely fallen into disuse until the transfer

of ovmership and skills could be accomplished".3

Mechanical Tools (other than those used in farms)

. In KenYa, abart from the mechanical tools found in
large farms, mechanical tools are mainly concentrafed in
large towns such as Nairobi, Mombasa, Kisumu, Nakuru
and in formerly European ferming towns such as Eldoret.

In these large towns_mechanical tools are mainly found in
instituéional places such as Peolytechnics, the University

and Iarge firms and iﬁduetfies where they are either used for
teachlng and demonstratlon, or for the manufacture and
processing of gOOdu Iu such large towns the portlon of

populatlon utlllelng these mechanlcal tools Wthh are gasoline,

~diesel, or electrlcally powered 1s very small compared

W1th the wholelpopulatlonoof any such town ' Mechanlcal

tools are rarely found 1n the rural areas.

Electronic Technolozy

Electronic technology is developed only in thﬂ
two largest towns of Nairobi and Mombasa in the main. Other
“1arge towns in Kenya have very little electronic technology,

if. any.
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Chemical Products

Chemical products used for water supply and sewage
treatment facilities are nearly all imported from foreign
" ccountries abroad. For éxample, Chlorine is imported from
Britain and Alwainium Sulphate from India. Put Soda
Ash is oblained locally from Lake Magadi. Once the
chemicals are imported from abroad they are available in the
local qommunities which need them. But therc are variations
in the local —ommunities where water supplies are established
since the chemical nature of water dictates what type of
chemicals are needed. Sometimes water supply and sewerage
works are delayed because of delay in obtaining ordered

chemicals from abroad.

: KISUMU TOWN
WATER SUPPLY AND SEVWAGE TREATHMENT WORKS

WATER SUPPLY

Sources of Vater Suoply

~ Kisumu town geté its water supply from Lake Victoria.
The new extensions of the water supply will,recéi&e their
water from Kibos river. There is also undefgrouhd water,
that is, "thefe are a number of boréﬁbles‘in the area
utilised by industrial and public institutions, but the
. yields are very small, the maximum being 2.4 litres per

second (2000 gallons per hour)".4

At present approximate average ber capita daily

water demand for Kisumu Towa as well as for the rest of
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Kenys is 20 gallons (90 iitres). Ten year projection shows
that the'average ver capita daily demana will be 45
‘gallons (202.5 litres). These are maximum figures, and

as suchflower per capita daily water demands are possihle
depending on economic conditions of individuals wherever

they may be.

The total individual water connections in Kisumu
Municipality is between 50,000 and 70,000 persons. This

accounts for between 50-75 per cent.

Kisumu Municipality plus the peri-urban areas
‘vhich are to be served by water supply hés a total population
" of approximatcly between 72,400-91,600 according to 1976
estjmatcs.s The current 6aily water deﬁanﬁ far Xisumn
town and its peri-urban areas is betweeﬁ 2,300,000-2,03%4,500
gallons.A'Tén years from now (1986) the approximate daily
demand will most likely be at the maximum figure which is

3,034,800 gallons.

Sewerage

"During 1974 an average of 519,500 gallons of raw
sewage was treated at the Jawage Dispoéal Works in the
Kisumu Municipality.6 Kisumu Town has a ceniral wastewzter
collection system. At prgsent the total private properties
gonnected to sewer is 1,214, and apart fromn these many
properties are still on septic tanks and the bucket system,

and pit latrines which are emptied by night collection. It
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is difficult to say what duantity of wasiewaler is used

by industrial and commercial concerns as compared with
jndividual privete persons in Xisumu Tovm. But more than
half of the arca contained within the 1671 boundary of Kisumu
Town is sorved by water borne canitation. This area includes

industrial and cormmercial concerns.

. The sewage treatment works has recently been
extended to treat a dry weather fléw (D.WI.F.) of 6,800 m>
per day (1.5 million gallons per day).7 "Records made by
an automatic recorder at the inlet to the treatment works
indicate that dry weather flow (D.W.F.) at present is of

the order of 2,960 m> per day (650,000 gallons per day),

less than half of the design capacity".8

It is difficult to predict hbw mény people will be
connected to the wastevater system in Kisﬁmu Town 5 or 10
years from nov, buf indications axre that there wiil be
many more peopie connneted than there are at present.

"~ At present the percentage of people connected to wastewater
system is 2.6 of the tdtal Municipal population (1976
figures). Sewage treatment is available for between

50-75 per cent of Kisumu Municipality's population.:

Projections of Water Demand in the Kisumu Municipality
Calclated at the Rate of 45 Gallons (203 iitres) per Cavita

per Day

The sources for the Kisumu Town water supply have been

stated. Here it should also be noted that since 1966 up

to 1974 Kisumu Town and its environs has been receiving an



annual ﬁean (average) rainfall of 1306.3 millimectres.

Kisumu zlso has since 1972-1974 a mean annual maximun
temperature of 29.9 centigrade and a mean annual minimun
temperature of 17;20 centigrade, Its mean annual relative
humidity for the years 1971-1974 at 1500 hours is 49 per
cont.? A1l these facls together with the total population
that a water supply cerves or is going to serve are nececcary
components for projections of the future needs in terms

of quantity of water nceded and the capacity of the water

source to supply the necds.

Taking the above factors into-consideration'the
Water Apportionment Board has specified the amount. of
water that should be made available to the Kisumu Municipality
per day in order to meet the demand for consumption by
various categories of consumers."Xisumu water is sold
to consumers via individual meters or from metered kiosks
énd from the meter reading records it has heen possible to

obtain some indication of the pattern of consumption".10

From consumer meter readings it was found that domestic
'consumption zccounted for 61% of the total, industrial
consumption for il%z and commercial and institutional .
.(offices, clubs, shops, hotel, schools, etc.) 'the remaining

28%. The water sold at public kiosks accounted for only

2 per cent of the domestic consumption.
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In accordance witﬁ the foregoing observations the
" Water Apportionment Board has specified that the Kisumu
Municipality shall‘réceive the following amount of water

per day from the cxisting sources:

From Lake Victoria 5,000 Cusecs

From a tributary of the

Kibos river 0.056 Cusecs

From the main Xibos , .
river 0.56 Cusecs
Total 5.616 Cuscecs

Thus the total maximum demand per day for Kisumu
Municipality = (5.616 x 540,000} gallons (1 Cusec=540,000
gallons per day) = 3,0%4,800 gallons per day. This is the

amount that Kisumu Municipality at the moment cannot exceed.

_ Projections for water demand per day for the

Kisumu Municipality have been estimated from 1972 to 2000
on the basis of daily pef capita-consumpfion of 45 gallons
(203 litres). The following Table 28 shows the e;timated

daily demands of water: 1t (see next page)



Table 28: Estimated Dailv Demand of Water
Year :fonulafion TDemand at Million Population of Mrzlonda
(witnin 1y7i Gallons veor Dav and Manyatia Peri-urbtan
Municipal (a% the rate ol 45 galls. Areas
Boundazxy) per capita per day)
e T 11115 an Popu- Demend in milli-
Cubic Hetres Million | lation an el long sor
per day Gallons pow ey :
day -
Cubic Mi11iw
metres ells
ner doyv  Dag
1972 38,100 7,800 1.72 25,200 8300 0.18
1973 40,200 8,200 1.81 25,200 800 0.18
1974 42,400 8,700 1.91 25,200 800 0.18
1975 44,700 9,100 2.01 n. " n
1976 47,20 9,600 2.12 " " "
1977 49,800 10,200 2.24 " " "
1973 51,900 10,600 2.34 " i "
1979 51’900 " i1 " u !I
1980 51 y 900 1" n n ‘ll "
11981 u . n " " " n
1982 n 11 1 i " i
:1983 " v 1] " " )]
1984 u n " u " n
11985 " con " " n "o
1986 n " " n n n
:1987 " -" -n n " n
i1988 " n " n . " 1]
19 89 " ll. " " " "
!1990 " ] n " ] "
ﬁggl " n n " n "
;1992 " T o " " n
:1993 " n " " n "
1994 " n " " " "
1995 " " 1 N 1] n '
§1996 " " " " n "
i
P997 u u " " 1 "
11998 n " u ] " n
Fggg n " " " n "
2000 51,900 10,600 2.34 25,200 800 0.15
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The annual wo.ter démands are shbwn in Table 2%
abosc. These are annual demands based on the per caplita
daily demands of 45 gallons (203 litres) inside the old
toﬁn or municipal boundery, and 31.5 gailons per day (142
litres per day) in ﬁhe new development areas and
7 gallons per day (32 litres per day) in the Manyatta and

Nyalenda periurban areas.

It is estimated that between 1972 and 1982 the
population growth rate of Municipality of Kisumu will be
6.9 per cent per annum, and between 1982 and 2000 it

will be 7.3 per cent.lz

It should 5e noted that as the town grows and
the populatiion pECowE s larger SuU will ulleic e a gllaios
consunption of water. The town, as many others in Kenya,
is becoming more and mofe attractive for the rural dwellers

) '

- and as the amenities and living standards in the town
increase more and more rural dwellers will gravitate toward
the towvn and thus its population will increasé.

Water Suvvly and Sewage Treatment Process (See Appendix C)

Water Suovly

Treatment of raw water for drinking and other purposes
depends on the source of water to be treated. From the point
of view of sources of raw water there are three major
categories: surface.water, for example rivers, and lakes;
sub-surface water, for example springs; and grbundwater or

boreholes for example dug out wells,



Treatment of Surface Vater

......................... .

Surface watqr is usuvally coloured and containé
suspended matter and germs.  Therefore, the process is
fﬁll treatment which is éonveﬁtional and which involves
coagulation, sedimentation fil*ration and disinfection (use
of chlorine). Sedimentation removes most of +the sediments
or suspended matter and germs. In filtration rarid sand
filter is used to remove the rest of the solids and assist
Jdn the removal of germs. Then a disinfectant éuch as
chlorine is added in sufficient amount so that there is
residual chlorine in the tap to kill any remaining
germs in the water before consumption. This treatment of
water as described here briefly is the one used in the

Kisumu Municipality water supply and Nyeri Town water

Treatment of Sub—surface'water‘

Water from springs does not contain any foreign

matter such as germs or suspended éolids or organic

matter. Consequently the treatmentiof such water.is chlori-
nation ohly to kill any,possible germs present in the

pipes that carry water or in any ofher container or reservoir
‘ in which‘water ﬂsstqréd. ‘The Mombasa water suppiy (another
water supply site to Be‘analysed below) ﬁhich‘comes from the

Mzima Springs is treated as has been described here.
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~trpeatmont of Ground Vater

Water from boreholes such as is used by people in
Kiambu town may have dissolved salfs such as fluorine,
sulphate, sodium chloride and others. If these salt
contents are high they must be dealt with by dilution with
water from another borchole which does not have high
salt content. This helps to neutralize the water with high
salt content. Finally, chlorination is used to treat this

water.

Sevage (Wastewater) Treatment

In Kenya it is now proposed that wéste stabilization
ponds be utitized for the treatment of sewage rather than
conventionnal wnrks with hintagical filters Consenvently,
Kenyz is now using waste stabilization éonds és a new type
of sewage treatwent process. This new type of sewage treat-
ment is now being used in fhe following towns in Kenyaﬁ
Kisumu (the new sewage treatment works but the old one is
still using the conventional works with biological filfers),
Nakufu,-Thika, Embu, Meru, Murang'a, Karatina, Nanyuki

Gilgil, Athi River, and it is also planned for Eldoret.

The two methods are briefly described below:

The Conventional Biological Miltration Process

The conventional biological filtration process comprises
screening and grit removal, primary sedimentation or settlement,

~biological filtration and final settlement of filter humus.
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Screening and grit rcemoval removes all sorts of
soiids. During sedimentation organic maticr and solids
are separated. Sedimentation removes humus or dead cell
particles. In biologiczl filtratioh organic material is
converted into cell.tissues and thus a medium for fungus
culture is created. This causes ae:ob10fprocess so that
oxygen is available for the process. "The sludge produced
is conditioned in cold digestion tanks and dried in sludge
drying beds before disposal to tﬁe land. It is possirle
1;,,.13‘

to recirculate filter effluen Purified water or final

effluent is dischearged into a river or any bbdy of water
that can.absorb it.  In the case of Kisumu town, which still
ponds,.the "effluent is discharged into the Kasat River

wnich then flows through the golf course and into Lake

Victoria”.

1t is noted here that this process in the case of
Kisumu sewage freatmegt,asrinqggdfit is iﬁ'thé‘§ase of other
towhs in Kenya, requi#éé]éb@é%gﬂf supérvisionénd‘chemical
analysis of the efflﬁéhfs‘frOm‘variouS‘parts of the process.
If the flows to be treated'such as those expected by the
year 2000 are big, then the contrql required and the
difficulties to be overcome would be increased'relatiVélto
the present works which is small. Hence the decisionf%@fuse
the alternative methods of treatment such as wasté_éﬁébiiization

ponds discussed below,
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Waste Stabilization Ponds

The advantage of waste stabilization ponds is that
-they are capable of treatiné any sewage which can be treated
by conventional means. In Kenya, this method of‘sewage
treatment is very suitable beceuse there is plenty of

suhshine which is required for this type of treatment.

The process of -treatment is as follows: The first
step is preliminary treatment which infolves screehing_and
grit remov. 1. Sedimentafion andlﬁiologieal ﬁreatmeht'are
combined in one lYagoon. Sludge‘settles to fhe bottom of
* the lagoon where it is dbroken down bj bacteria and in doing

so they release corbon dioxide and other nutrients. The
'mechanism of treatment depends on the 1nterac+10ns of

bacteria and algae. These lavoonb are ll"etres 1n deptb

Where the sludge is at the bottom there 1swno oxygen But

in the upper 1ayers there 1s oxygen whlchflowp1 duced by
small green plents or algae. Thus in the upper 1ayers of
the lagoon there is aerobic treatment and at the Pottom there
.is anaerobic treatment, both of which are combined in e

single'lagoon.

Anaerobic part of the treé*ment if done separately

from the aerobic "induces a smell nulsance Mhlch would not

be tolerated 1f the works wvere qeted_ln close prox1m1ty
of resicentisl areast.l? in~the case of Kisumu town the
sites are located at a reasonab di,fénce from residential

areas and as such it is cons1dered that a combination of an
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anaerobic and aerobic treatment would be suitable for

Kisumu.

Waste stabilization ponds have advantages over other
methods of sewage treatment for Kenya: ‘they are cheaperuand
simple to construct; very little mechanical devices are.
used; they are éasy to operate; the ponds are capable of
retaining sewage for about 40 days; very little supervision
is ?eQuiréd, thé ponds remove gérms better; and they |
require no energy since they get natural ehéfgy from the'suﬁ;

and also there is land available for thié kind of treatment.

Due to the abovevadvaﬁtageg, waste stabilization
ponds are nbw ﬁlanned for all sewage‘treétment in Xenya.
However, the following townst are still using the 0ld method
of freatment,.namely the conventional biologiéal filtration
process: Nyeri, Nakuru; Eldoret, Molo, Kitale, Kericho,
Thomsons Falls (Nyahururu), and Kariobéngi ahd'EaStieigh in

Nairobi.

Operation’of WVater Supply and Sewage Treatment Plants

(see Appendix E)15

Kisumu town has both water and sewage treatment
plants. The processes of treatment used in tbeSe two types

. of planis have been described ébove.

Operators

Trained or skilled operators, according to the study

of the problems of the site by the author, are difficult
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to find.' These iypes of operators'have to be trained for

at least two years.after passing tﬂe East African Certificate
of Bducation and School Certificate (Form IV). These

trained operators have to pass water operators' eXamination
after training in the field and in the classroom. As
explained before, the operators have to pass a standardized
trade examinatioh‘as such a standard or system exists in
Kenye‘ There are short courses and training programmes
which last longer for water engineers. Such courses are
conducted as the author explained in Chapter four by the

various institutions and firms stated there.

Experience at the Kisumu Water Supply and Sewage Plants
shows that operators leave thelr employment because of llttle
pay and when they get better Jobselsewhere.j They may also

be discharged when they abscond their work.

 f7operators in the Kisumu plants

The average o
1. 2C The;r quallty is good, in other'

words they are good»dperators

Chemicals

For the purposes of the operation and malntenance of
vater supplles and sewage treatment fac111t1es. it is only
soda ash which is obtalned 1oca11y from Lake Magadi. Other
necessary chemlcals have %o be ordered from out of Kenya

For example, chlorlne 1s ordered from Brltaln and Alum from

India. Chem;9°;sﬁepe_dlfflcult to obtain locally in the

'Kisumu'plant) ?p§jﬁheiefisvSOme delay in obtaining ordered
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chemicals from aborad.

Machinery Parts

At the Kisumu plants lack of spare parts is the
main cause of machinery breakdown, and the replacement
of machinery parts is routine. I+t is observed here that
sometimes machihery parts are not available and have to be

made or fabricated locally.

If machinery parts are ordered from abroad 1t takes
- more than one year for such parts to be dellvered and
sometimes wrong parts are sent. DParts to be replaced are

usually ordered specially and machinery is repaired locally.

Technical Operational Failuvre

The Kisumu Water and Sewvage Plants have nuisance from

floating islands which obstruct filter and cause difficulty .
in coagulation, Technical operational failure is due to
pumps vhich burst in the distridbution. No failure due to

the designed process has been experienced.

Supervisory Con-irol
There is regular active local inspection of the
water supply and séwage treatment facilities at the Kisumu

town plants. The laboratory is iocéted at the plant.
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Problems not Solved by Present Facility

The effluent has an odor from the sewage treatment
plani. The water is coloured because the effluent is dis-

cherged from the textile industry.

The present facility experiences extreme difficulty
in financing. The water supply has a capacity of 2.3 million
gallons (10,400 m3) per day (1976 figures). It is estinated
that the demand in 1977 will be 3.25 million gallons per

3

‘day (14,700 m” per day). Also it is estimated that by the

year 2000 the water demand in Kisumu town may be in the

E per day).

region of 15.%8 million gallons per day (63,800 m
The total anmmual operational cost of the water supply
from 1972 to 1977 is K.£ 63,985.7 (K.shs. 1,279,714.30).1°
The estimated cost at present day prices, of the water
works required between 1977 and the year 2000 is K.shs.
64,967,000".17.vThe estimated annual cost of sewerage wérk
required from 1972 %o 1977 is K.shs. 3,752,857.15 (K.£.
187,642.9) .18

It is estimated that "to supply the individﬁal

' propertieswwith piped water supply and wéterborne sanitation
systems would be physically difficult’and finaﬁcially
expensivg. The cost being approximately shs; 290 and shs.

1000 per capita for water supply and sewerage resPecti_vely".l9

From the above figures it can be calculated that the

total annual costs per water supply and sewerage in Kisumu



towm from 1972 to 1977 is X.£ 251,628.6 (K.shs. 5,032,571.45).
0f this amount X.shs. 240,000 (X.£ 12,000) is the annual
operational cost of water supply for personnel (payroll)
and K.shs. 136,000 is the annual operational cost of scwerage

for personnel (payroll).20

There are also administrative problems concerning
lack of manpower in personnel and scwage plant operators.
However, the population of Kisumu Municipality'has some
limited ability %o repay for the costs of operation and
maintenance of water supply. One migh% say that the social

benefits exceed the social costs.

Technology

~ T

- = ' -~ ¢ o s - - .. ve. e,
LDEVOL UL nauss 12Cauusill JoutiiuLusy Doeveloubiicn v iil KaSwhud  Luia:-

Kisumu tovn is served both by central illage or
street pump, and piped water supply to houses. Approxzimately,
between 0 -25 per cent of Kisumu's population is served by
central village oxr streef pump, and between 50-75 per cent

of the town's population has piped water subply to houses.

Level of Sewaze Treatment Technology Develooment in Kisumu Tovwm

Kisumu town las sewage treatment and scwage collection
system. The former serves between 50-75 per cent of
Kisunu's population and the latter serves between 0-25 per

cent of the town's population.



- 147 -

"Pechnology advancement pertaining to water s 1y
'is'simply transfer of a process that had been succes-:ul
elsewvhere. But the new sewage treatment process, namnzly
waste stabiiization pond or lagoon is a unique process
developed and designed especially to suit local climatic
conditions as thne author has explained above in the cases of
sewage treatment process. The sewage treatment process is
an important feature for the local people (Kisumu townsmen)

but not significant to overall development of the country.

Facility Constiruction Cost

The Kisumu town water supply and sevage treatment
facilities were built from 1948 to 1950 when the work was
completed. Currently the population served by the facility
is about BO,000-120,000. When the facility was £irs$
built it cost a total amount of K.£ 41,474 (K.shs. 829,480)
and it served a population of 10,899.21 Since then
extensions to the Kisumu wvater supply and sewage works

have been done. Most recent extension work started early

in 1975.

Exténsions pertaining to water supply facilities
will cost K.£ 700,000 (K.shs. 14,000,000),%% and those
for sewage will cost K.£ 274,620.2 (K.shs. 5,492,404.50).%°
For sewvage the cost stated here is for the work done from

Janvary 1375 to August 1976.
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The extension for water supply is designed fo treat

‘at least 1.25 million gallons a day.

Sewage Treatment Facility Construction Cost

The total cost for sewage works extensions is K.shé.
5,492,404.5C, Of this amount K.shs. 800,000.C0 was spent

for labour. Percentag: of total cost.for 1abour, therefore

was 14.5, and that for material was 27.3 (X.shs. l,SOO,OOO).24

Of the total cost spent for material only 1.4 per cent

(K. shs. 75,000) was imported from outside Kenya. The

rest of the material, amounting to a total cbst of

K.shs. 1,425,000 (98.6 per cent) was -found in Kenya.

L total of K.shs. 400,000 was spent for skilled
labour. This was an equivalent of 13.65 per cent of the
total amount spent for labour. The other 13.65 per cent

was spent for unskilled labour.

The appfoximate daily wage for unskilled labour
in Kenya is K.shs. 11.20, and that for skilled labour is

K.shs. 32.00 per day.

Unfortunately, the percentage figure of total cost
- for engineeriﬁg fee, pertaining to construction of sewage
- treatment facilities for Kisumu town extension work is

not available.
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Viater Supnly Treatment Facilitiv Construction Cost

"'Phe cost aralysis of Kisumu towm water supply

extensions carried out in two phases during Dccember 1969-

June 1970 and June 1970-August 1971 show the following

construction costs for various items:

December 1969-June 1970:

Items

Labour

Material (local)
Matcrial (imported)
Freight and transport
Electirical works

Consultants fees

Total

June t9fu-Ansust 1Y /L:

Labour _
Material (local)
Material (imported)
Freight and transport

Equipment and instru-
ments

Consultants fees

Cost
K.shs.

268,506.
.10

385,177

120,096.
.84
26,128.
92,612,

176,369

39
73

00
00

1,068,890.

06

60,867.
.95
140,373,

13,137.

181,333

6,292

60

85
00

.80
42,500.

00

Total K.shs.

444,505,

20

% of Total

Cost

21.1

47.5(76.2
(23.8

8.7

1307

(not on
total

cost tut
on maieriz
only)

72.4(56.4(not on

(4%.6

9.6

total

cost but
on materic
only)

. .The above cost ' analysis shows that between December 196S-

June 1970 per cent of total cost for labour was 21.1, that

for material was 47.3, and that for engineering fee was 8.7.

Of the total cost for material, 76.2 per cent accounted

for material found in Kenya and the rest 23.8 per cent accounted
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for material obtainéd from outside Kenya.

Between June 1970 and August 1971 the breakdown

‘based on the total cost of 2ll items was as follows:

Labour 13.7%
Material 72.4%
Material (local) 56.4%
Material (imported) 4%.6%
Engineering fee 9.6%

The above cost analysis does not show what per cent

N - T N R R S | ., 1 E BT B . JUDTRRPS SR by I T S - . e d
Of tolal Labuur Cusy wao bpiiaw Lo Snillcd labour vis o vic

unskilled labour because the figures were unavailable.

Construction of water supply the cost analysis

"of which is shown above, included the following:2?

1. Extensions of the treatment works,;alterations
fo filter gallery and alum house, also the laying
and'fixing pipeworks,‘valves ete. together with other
auxilliary wofks. |
2. : The constfuction of a reservoir % million gallon
~capacity with associated pipework. The laying of
1,000 yards of 12 inches in diameter water main
and the installation of pipework and fittings at

two pumping stations.
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3. The supply of switchbcard equipment and the
electrical installation of 2 No. 70 H.P. electric
mo tors and.2 No. 25 H.P. electric motors including
alterations to the existing installations €.g.

pumps, etc.

Construction Resources Available in Kisumu Vater Suvoply and

Sewage Plants

Construction

As was stated in Chapter four, Kenya has both sk;lled
and unékilled people who can do construction work pertaining
to water supply and sevage treatment facilities. But there
are not enough of them. For example, design engineers,
surveyvors and constpuctinn encineers are verv few. but there
are enough labourers. There are also skilled equipment
operators, carpenters, masons, cement finishers,.plumbers,
welders, pipe fitters, electricians, painters, steél'WOrkers,'

énd unskilled workers.

Operation

In the Kisumu plant a pile driver is not available,
But the type of equipment available include meters, lawn
mowers, blowers, :eqording devices, iaboratory equipment,
. portable power plaﬁt, motors, pumps, backhoe, crawler
tractor, trencher, crane, cement mixer or trucks, grader

scraper, welders and power saws.
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Operation and iMaintenance

Material available for operation and maintenance
include silica sand, graded gravel, clean water, gasoline,
cement, blasting material, reinforcing stecl, wire mcsh,
and -structural material such as wood, plywcod, steel and

native bamboo.

Process

Procesé material which are avaiiable include pipe
(clay, steel, cement, plagtic, wood, galvanized) and pipe
fittings, paint, valves, wood, tanks, gauges. But heat
exchangers are not available -~ they are rare and may be
foﬁnd only in hospitals and hotels, and a few iﬂsti%utional

places.

Chemical Supplies

Chemical supplies which are available include
chlorine, A12804' (aluminium sulphate), F_Cl, (ferric chloride),
Activated charcoal is available but rarely used, lime, soda

ash, 0zone, and laboratory chemicals.
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MCMBASA TOMWII
WATER SUPPLY AIID SEVAGE TREATMENT WORKS

WATER SUPPLY

.-8ource of Water Sunoly

Mombasa town gets its water supply from Mzima Springs
156 miles from Mombasa. Thern is groundwater but it is not
used for any pﬁrposes. Wells are aiready drilled and the
watér from them is used for agricultural purposes only.
Approximately 10 per cent of water receives treatmenf 2t
Pemba river treatment plant. There is also %he Indian Océan
but Mombasa town does not get its water from the Ocean.
Apart from the Mzima Springs, Mombasa also obtains.its water
from Mrere river and its fributaries, Mrere, Marume and their
tributaries, Madabara river, and Kitanzi river. From all
these sources Mombasa has & capacity of %6.62 Cusecs per
day (19,780,200 gallons per day). But the average water

consumption per day is between 5-7 million galions.

Mombasa has an annual mean rainfall of 1083.2 milli-
metres (between 1966-1974), and an annual ab<olute mean
. maximum temperature of 34.2° Centigrade, and absolute mean
minimum of 20.0° Centigrade. It has a relative average humiditj

of 76 per cent at 9 a.m. and 70 per cent at 3 p.m.

Mombasg<town population grows at an annual rate of

4.7 per'cent.27

At the 1969 census its population was
' 247,073. At an annual growth rate of 4.7 per cent Mombasa's

population is nov approximaiely 328,%57 assuming no drasvic
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changes in fertility and mortality.

The Mombasa town water supply was built'between
the year 1955-1956. At present the total population served"
hy the water supply it 200,000 and the total number of
connections on the island (Mombasa is a town on an island)'

is 17,000.%8

Currenﬁly, the domestic pér'capita wvater consumption
per day is approximately 25 gallons (112.5 litres) and in
five years time the per capita daily consumption will be
approximately 40 gallons (180 litres). These figures represent
~consumptions for the years 1976 and 1981 respectively.
Tn ten years;'timé (IQRS}; the per capita daily water

consumption is estimated to be 60 gallons (270 litres).

The percentage of population of Mombasa town served
with either piped water to houses or central village or street

pump is 67. There are many people who use waker from kiosks.
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Projections of Vater Demand in the itombasa Municivality
Calculatad at the Rate of 25, 40 and 60 gallons ver cavita

per day. (Mombasa’s populaticn grows at an annual rate of‘4.7%)
Year Population Per Capita Total VWater
Water Con- Demand per day
sunption R
per day :
(gallons) (million gallons)
1876 528,357 25 8,208,925
1977 339,969 25 - 8,499,225
1978 | 351,581 25 ' 8,789,525
2979 363,193 25 9,079,825
1980 374,805 25 ' 9,370,125
1981 386,417 25 9,660,425
1982 398,029 g | 15,921,160
1983 409,641 40 16,385,640
1984 421,253 40 16,850,120
1985 432 RAS a0 17,334,600
1986 444,477 40 | 17,779,080
2000 607,045 60 | 36,422,700

Tre above projecfion demand for wéter Cunéumption
‘shows that as the years go by the population of the town
increases and thus the daily per capita water consﬁﬁption
also increases, This amounts to a big increasé in the
total daily water consumption for the whole téwn as the years

go by.

By the year 2000 the per capita daily water consumption
will be tetween 36 gallons (160 litres) and 601gallons
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(270 litres).

"Sewage

"The Mombasa town sewage treatment facility was
built'in 1963 It is now serv1ng a populatlon of |
50,000. 29 The town has a central sttewater COIIectlon
system. The percentace of populatloﬂ belng sexved by
sewage treatment is 10 (or O- 25 per cent) Percentage of
people . to be connected to the ewage treatment fa0111ty i

five and ten years' tlme will be 50 and 90 respectlvely

Water Supply and Sewage Treatment Process

'Water Suoply

Ao hoo heoen oinged bcfar:,}Mo:h sa to T éubu it
vater mainly from Mzima Springs. Due to the naturs of the
water from thé'Springs there is no need for treatnent Only

.chlorlne (whlch is 1mported) is used.

Sewerage

Sewage treatment at the Mombasé”plant involves o
screening and then uedlmentataon of sludge whlch 1s released
at ebb tldc into the Indian Ocean. Sewage Lre meht.thus

involves partial treatment Wthh is prellmlnary 30

 Teéhno1ogy of Water and Sewage Trestment Facilities

The Level of Water Treatment Technology Develovment

As was stated above, the Mcmbasa water supply serves

abcut 50-75 per cent of its poprulation. The technology
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advancement of the water supply plant can be described
as simply transfer of a process that had been successful
elsewhere. Its quality for research can be described as

a breakthrough for enhancing the development of Kenya.31

The Level of Sewage Treatment Techuology Develovment

The Mombaca sewage treatment plaﬁt serves 30,000 people
(10 per cent of the total municipal pojulation). Its level
of treatment technology developmnnt can be described as

in the case of water supply stated above.

Operation of Water Supply and Sewage Treatment Plants
(See Appendix E for Mombasa Municipality)

Water Supply Treatment

As was stated ea: ller, apprOX1mately 1.0 per cent of
Jwater for Mombasa town recelves treatment at Pemba Rlver
Treatment Plant_ The town recelves most of its water from
the Mzima Spriﬁgs There is no water treatment. Only
chiorination"iseﬁSedwpeoause the water comes from the Mzima

Sﬁrings.

- Operators

All the - operators at the Mombasa water supply treatment

plant are trained there and in a tralnlng school 1ﬁ Nalrobl
Trained operators are dlfflcult to flnd Thesemoperators
have standardlzed tests they have to paos in order to'be |
operators grade 1, 2 and 3. There'are short eourses and

other training programmes for operator°
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Operators may be discharged for breach of discipline.

Also very freqguently, they leave their employment for better

jobs elsevhere,

The average age of operators is between 25-40 ycars.
The performance of most operators is fair but the operator

in—éharge is good.

Chemicals

Soda ash is the only chemical obtained locally. All -
others are imported from countries outside Kenya. For
treatnent of the water supply at Mombasa there is no

need for chemicals. Only chlorine which is impdrted is used.

Chemicals are easy to obtain locally but initially

~they are imported from abroad.

Machinery and Parts, etc.

General wear anq tear is the cause of machinery break-
down if the machinéfiéxﬁSéd‘for‘betwaen 18-20 hours a day.
 There. is routine‘réﬁiééemeht”bf machinery or parts of the-

machine.

Parts of the machinery which are usually ordered from
England and which come by ship ﬁake between 1-6 months.
If ordered locally t@e parts take a much shorter time. Some
parts replaced have to be ordered especially. Some suppliers

have good supply of spare partis.
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fechnical Onerational Failure

Purbidity during flood period may cause difficulty
" during treatment. This-is more of a problem of Sabaki

river ithan Pemba river.

No water in river Pemba may causc operationzal
failure. Sometimes there is lack of water in Mombasa due

to bufsts of pipes.

Due to heavy tourist season, nov the capacity in
Mzima pipeline is too small. Consequently, currently
‘3 new vater treatment plant is being'built at Sabaki

river with water piped 1o Mombasa.

Supervisory Cfontrol

. There is active regular local inspection of the water

supply plant.

haily laboratory tests of turbidity and alkalinity of
Water'are taken'at Pemba rivef and chlorine fesidual te5ts
are also taken at Pemba and Changamwve. Chemlcal ard bacter;o—
loglcal ana‘y81s is done Yy General Superlntendance Company

(general commercial chemists in Mombasa town).

Problems not Solved by Present Facility

Water from Mrere Spring has colour in the rainy

season,
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L% present the government is supplying the money
for operating the water supply. However, the Coast
Province Water Branch is in the process of making the whole

operation self-supporting.

The daily water consumption in Mombasa town is between

5-7 million gallaens.

The total annual operation cost of water supply is
K.£. 662,300.0. The total annual operational cost for

personnel (payroli) is K.shs; 600, 000.

There are administrative problems pertaining to
personnel relations with people working in the field. The
relationship is not very cordial. People work;hg in the field
worry personnel about night allowance. .Personnel are not
willing to pay them. Again personnel are not willing to
promote those who show that they deserve promofion. There

is also shortage of qualified supervisory staff.

SEWAGE

Type of Treatment

Type.of‘treétment of the sewage includes screening
followed by sedimentatiohtbf.siudge which is released
‘at ebb tide into the Indian Ocean. This is simply preliminary

partial treatment.
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Opcrators

| ."irained or.skilled operators arc difficult to
obtain. There is ; standard for evaluating the qualifications
of operators ana there are course or training programmes

for operators (see chapter four).

It is observed in the case‘of the Mombasa plant
that operators do not move very freely because they are
used to the type of work they are doing and cannot get

a better suitable Jjob elsewhere,

The average age of operators is'between 30-40

years. The quality of operators can be described‘as fair,

" Chemicals

In the sewage plant et Mombasa, fhere is no need
for use of chemicals and as such the availability or non-

availability of chemicals do not apply here.

Machinery Parts

The cause of machinery breakdownrlsggeneral wear and

tear. There is routine replacement fP achinery or parte
The machinery or parts to be replaced are ordered from
England and they take between 6 months and a year to |
arrive by ship. The parts are usually ordered SpEClally

The machinery is repaired locally.
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Operatioral Fzilure (Technical)

Technical failure duc to any characteristics of

" raw water causing difficulty in treatment does not apply
to the Mombasa Scwage Plant. There is no difficulty due
“to turbidity, algae’ or any other source. Also operational
failure due to storage, pumps, lack of water or any other

reason is very rare.
Although there is a need for extension, the
sewage treatment process has been running satisfactorily to

the maximum load design.

Supervisory Control

There-is regular active local inspection of the plant.
Laboratory sample tests for effluent are done by General
Superintendance Company of commercial chemists who work

in the town of Mombasa.

Problems not Solved by Presens Facility

There are no technlcal problems of effluont due to
odor, taste or colour of watez,;but thcre 1s a tendency
to use sand to wash dlshes, which makes the sewage septic

before it reaches treatment plant.
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- There is no monetary problem in operating the
sevage plant because there is a seWage levy for the facility

provided which makes the operation self-supporting.

The sewage plant has a capacity for 1 million gallons
per day. The total annual operational cost is K.shs.400,000
(k.£ 20;000). The total annual operational cost for personnel

(payroll) is K.shs. 260,000.00 (K.£ 13,000).

There are administrative problems experienied'in
operating the scwage plant bécause there is iack of qualified
personnel or people with managerial and supervisory ability.
.Generally speaking, there is a latk of suitable people to

do the job pertaining to sanitory engineering.

Facility Construction Cost

Water Supply Treatment Facility Construction Cost

- The type of process for the water supply involves
chlorination only. This water supply was built between
1955-1956. At preéent the facility is serving a population
of 200,000. It was constfucted at a cost of X.£ 6,000,000
(approximately U.S5.$ 17,400,000). The distribution of this
cost according to the various items was as féllows in"

percentages:
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Percent of total cost for labour 25-50
Percent of,total cost fpr material 50-175
Percent of total cost for engineering 6-10
fee
Percent of total cost for skilled
labour : _50—75

Of the total cost spent on material the per cent

of the material found in Kenya was between 10-25,

The approximate daily wage for unskilled labour
in Kenya is K.shs. 15.00 and for skilled labour it is

between K.shs. 25-100 (depending upon the level of
skill).

At present the Sabaki River water projecf for
Mombasa Municipality is underway and when completed will
cost an estimated K.& ?8.5 million.32 How the money is
~ going to be spent for the various item categories as
shown above is not yet worked out and consequently

the figures are not available. !

Sewage Treatment Facility Construction Cost

Sewage treatment plant in Mombasa was built in 1963.
The treatment proceés is partial treatment which involves
screcning followed by sedimentation of sludge which is

only released at ebb tide into the Indidn Ocean.
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The sewage treatment plant was built at the cost
of.U.S.$ 7,000,000 (K.£ 1,050,000). The distribution of
this cost of construction according to the verious items

was as follows in percentages:

Item Percent of Total
Cost
Labour 2530
Material 40
Engineering fee ' 6
| Skilled labour 25

The approximate daily wage for unskilled labowr in
Kenya for this type of work is K.shs. 14.50 and that
for skilled labour is K.shs. 25.00.

0f the total cost spent for material 65% was found
in Kenya. The material found in Kenya includes ballast,

sand, cement reinforcement, p.c.c. pipes and timber.

The cost of construction included treatment.works;
punping stafions, machinery, trunk sewers and reticulations.
The cost of materiai here does not include any- machinexry -
nechanical plant. Engineering fee included survey, designy
execution of tender documents and supervision. Skilled labour

entails mehanical plant operators, electricians and mechanics.
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Construction Recources Available

CONSTRUCTION

Labour Force Availability

As in the case of Kisumu Municipality, Mombasa
Mﬁnicipality hac deéign engineers, surveyors, consiruction
engineers, and labourers. The first three types of manpower
are not available in adequate numbers. Skilled workers
are available. These include equipment operators (not enough)
carpenters, masons, cement finishers, plumbers, welders,
pipe fitters, electricians, painters, and steel workers.

Unskilled workers are also available.

Operation

Equioment Availability

Equipment available for operatlon include back hoe,

crawler tractor, trencher, crane' '1le drlver, cement mixer

or trucks, grader, scraper, welders 'ower saws, meters,

lawn mowers, blowers, recoralng dev1ces, laboratory equipment,

portable power plant, motors, and pumps,

Operation and Maintenance

Material Availability

Material available include silica sand, graded gravel
(vallast), cement, clean water, gasoline, blasting material,
~reinforcing steel, wire mesh, and structural material like

wood, plywood, steel, native bamboo and mangrove poles.
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Pertaining to pipe and fittings inaterial available
| include galvanized, iron, steel, cement, plastic, clay,
" wood, asbestos, cement pipes, and pitch fibre. DPaint is

also available.

There are skilled mechanics, but skilled chemists and

biologists are rare.

Chemical Supplies

Chemical supplies available include chlorine. Also
(Aluminium Sulphate) soda ash and laboratory'chemicals.
Ferric chloride, activated charcoal, lime, and ozone are not

available in Mombasa.
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~ NYERL TOWN
VATER SUPPLY AND SHJAGE TREATMEIT WORKS

Nyeri town is located at an altitude of between
6,000 £t. (State Lodge) - 7,800 It. (Kiandongoro). During
1974 it had an average temperature of 20.8° Centigrade
(maximun) and 7.0° Centigrade (minimum). It has an annual
mean rainfall of 966.5 millimetres (between 1966-1974).7°
A the 1969 Census Wyeri town had a population of 10,004.
Its annual rate of growth was 7.9 per cent per annum.

between 1962—1969.34 T+ is assumed that its annual rate

of growth today is still 3.5 per cent per annum.

Growihg at the rate of 3. 5 per cent per annum, Nyeri

town's population is now (19( ) pproxinately 12, 4,q

WATER SUPPLY

Sources of Vater Supnly
Nyeri town gets 1ts water from Chanla river. Ground

water is available and. there are no wells drllled

The water supply plant was bullt Jn 1959 The approXi-
mate quantity of water consumptlon per day in Nyerl Munici-
pality is 517,000 gallons (2, 350 cublc metres) The water
supply serves a total populatlon of 1, 393 persons who have
. meter connectlons, and it is estlmated that the current

demands are 1.5 cubic meters per day per household. 35
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1t is also observed that every year there is an increased
demand of 50,000 gallons in lNyeri town because of population
jncrease. The average daily per capita water consumption

for Nyeri town is 40 gallons.

The foliowing is the projectioh demands for water for
Nyeri Municipality for the next ten years beginning 1976,
assuming a population growth rate of Nyeri town to be 3.5
per cent per annum, and per capita daily water'consumﬁtion
of 40 gallons and that there are no changes in fertility

~

and mortality.

Year . | Population Per Capita Total Daily
- Daily Consumption
Consunption

(Gallons) (Gallons)
1976 12,454 40 498,160
19717 12,804 | 40 512,160
1978 13,154 B 40 526,160
1979 13,504 40 ' 540,160
1980 13,854 ‘ 40 _ 554,160
1981 14,204 ‘ 40 568,160
1982 14,554 40 - 582,160
1983 14,904 40 596,160
1984 15,254 40 610,160
1985 15,604 40 . 624,160
1986 15,954 40 ‘ 638,160
2000 20,854 40 - 834,160
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The above projection demands have not taken into
account the effect of a possible rise in the standard of
living which may increase or deccrease the demand for

vater consumption.

Sewvage
The Nyeri seWage treatﬁent facility wes_built'in 1959,
At present the sewage'c011ectianmsyStem‘is”serving“zs'per N
cent of the populetion of the Municipality, and sewage

$reatment also 25 per cent‘bfethe’townfs popplatioﬁ.

In five yearb' time the Munlolpallty hopes to connect
100 per cent of the populau¢on of Nyerl town to sewage
veea el b £a9;¢xty. SunLlaLLy in ten yealb? £ e 1060
per cent of the town's population will be cehhected to:

sewage treatment facility.

Water Suvvly and Sewage Treatment Process

Vater Suvpply Treatment 7

Nyeri town receives its water from the Chania
River. Therefore the water receives full trea ment'(aS~in :
the case of the Klsumu Municipality water bupply) whlch :
includes coagulatlon, sedimentation, flltratlon,‘and ilnally

. 8terilization or.chlorlnatlon.
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Sewage Treatment

Nycri Municipality uses bio~filter and sedimentafion
tank in the treatment of its aewage. The sewage treatment
system was not properly designed for Nyeri town. It now
needs the new system of waste water disposal, namely, the‘
waste stabilization pond or oxidation pond whlch is now
‘planned for many towns in Kenya. At present Nyerl is us1ng

pumped recirculation system which should now be avoided.

- Pechnology of Water and Sewage Treatment Facilities

The Level of Wateér Treatment Technology Develoopment

About 11 per cent of the population of Nyeri town
(1, 393 persons) have piped water supply to their heuses.
Technology advancement here is s1mply transfer of a

process that had"been successful elseWhere. Its oualltj

for researohacan ] 'euerlbed as an 1mportant feature for
thc local people bu+ notv81gn1flcant to overall development

of the country.

The Level of Sewa Treatment Technology Development

Seviage treatment fac111tyﬂls serv1ng 25 per’cent of

Nyeri town's populatlon Its technology advancement is
simply {ransfer of a process that had been successiul

" elsewhere. Its quality for research can be described as

| an important feature for the local people but not significant

10 overall development of the country



Opneration of Water Sunply and Secvwace Treatment Plants

- WATER SUPPLY TREATMENT

Operatcrs

Water supply operatofs‘in Nyeri town are difficult
to find, If they are not tralned by the Mlnlstry of Viater
Development TGCTUltu come from prlmarr and secondary
schools Operators take government trade teuts Wthh are
standardlzed. Short courses or~other tralnlng programmes

are available for operators.

Operators leave employment at the Nyerl treatment

plant beCduub there is too much work~but;not enough

emoluments. WOxyers must alwayl;ﬂ' 7'“llablP llke doctorq

and sisters in hospltalc. They leave‘work for better

employment elsewhere.

The average age of operators is between 30-40 years,

Quality of operators can be described as good.

Chemicals

Chemlcale are obtalned locally and they are easy to

obtaln both locally and non—locally

~ Machinery and Parts, ‘Je‘té.[

Normal wear and: tear 1s the cause of machlnery

breakdovm. Time 1nterva1 for replacement of machlnery or
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parts is observed to be not as often as compared to the
expected life of the item. There is routine replacenent

of pipe fittings and bearings.

Delivery tlme of ordered bearlngs some imes is-
between 1 and 6 months and sometimes between 6 months and
a year. For other parts dellvery time is between 1l and 4

weeks. The parts which are replaced are ordered specially.

. Repair of machinery is done locally, but'there.ére
some parts which have to be replaced by new bnes:'these‘include

bearings, gaskets, cupleathers; ete.

Technical Operational Failure

Nyeri water supply has not experienced any technical

failnre due to turbidity, algae, or any other cause.

Supervisory Control

There 1s regular 1oca1 1nSpectlon of the water'plant
by local personnel In addltlon thepcglsgreg;onale1nspect10n
by provincial personnel, and national supervision by -

personnel from the Ministry of WeterﬁpﬁﬁéﬁbﬁméntzinrNairobi.

fﬁ1975 there was actlve

. At the time of rosearch durlz'

supervision of the water supply p]antM”
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- The water supply labor tory is at the plant and also

1s central in Neirobi about 90 miles awey from Nyeri tovm.

Problems not Solved by Present Facility

The water uupply in Nycrl tovm has no physical or
chemical problems, and it does not have any dlfflculty in

financing.

The Nyeri town water supply has a capacity of 650,000
gallons (2,954 cublc metres) per day. Its dailyfdperational

- cost is K.shs. 12,)00 and lts total annual opcratlonal cost

is K.shs. 150 OOO The annual opevatlonalwcost for pPrsonnel

(payroll) is h;shs. 60,000.00 which is the totaW dnnual

The water supply does not experience any administrative

problems at the moment.

SEWAGE TREATMENT

Operators

As in.the case of water supply, operators for sewage

treatment are difficult to find. The people responsible for

employing operators-at the plah“” not have standard or

" system for evaluating the qua tlons of operators. ihere

are short courses or other tralnlng‘programmes foxr opcrat01s.



The experience of engineer in-charge of sewerage in

Nyeri is that operaiors tend to siay on the job.

The average age of operators is between 30-40

"years. Their quality on the job can be described as excellent.

Chemicals

Chemicals are obtained locally and are easy to oblain

locally andAnon~1oca11y.

Machinery and Parts, etc.

Product failure and normal wear and tear are the causes

of machinery breakdown{

Time intervalAfor replacement of machinery or
paits is too often as compared to the exPected'life of the
item. There is also routine replacement of parts. Deli#ery
tune of ordered parts is 'uometlmes between 1 and 6
months and sometimes between 6 months and a year. The paxrts
replaced are usually ordered specially, and common parts

are teken off the shelf.

The machinery is repaired in Kenya, in’Nairobi;~90,miles
away from Nyeri. Some parts suoh as bearlngs and broken

parts are not repaired but replaoed bv new ones.
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Technical Overational Failure

The sewage plant has ex rperienced technical fdllurg
due to breakdown of pumps and lack of proper maintenance due
to unskilled labour. There is also failure due to improper
design of the plant. As has already been stated the present
sy stem 6f treatment is bio-filter and sedimentation tank
vhich uses pumped recirculation which could have been avoided

in favour of waste stabilization pond.

Supervisory Control

There is regular‘local mechanical inspection of plant.

In addition there is national inspectidn:for'efficiency.

Sunervisiom was not active at the Time of the research
(during eariy 1975) but it was expected that supervision
would be active as soon as a qualified person was available

in May 1975.

Taboratory is located in Nairobi, 90 miles away

from Nyeri.

Problems not Solvpd by Presnnt Fac111tv

u ';A.;«t

The uewage plant is 1nefflclent Dissdlved Oxygon

is too low and Biological Oxygen demand lu too hlgh The

sewage plant does not experlenvé any dlfflculty 1n flnan01nv
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The total annual operational ccst of the seviage
plant is K.£ 8,000 (X.shs. 160,C000). Annual operationel
cost for pérsonnel (payroll) is K.£ 2,000 (X.shs. 40,000).

Administrative problem experienced is lack of

technically qualified supervisors.

Facility Construction Cost

Water Supply Treatment Facility Construction Cost

The Nyéri water supply was built in 1959. T4 is\
sérvihg 1,393 persons who have piped water sﬁpply to their
houses. The rest use central villagé or street pump. The
_vater supply plant was built at a cost of K.£ 123,055

(K ahs, 2, 461,100)

The above cost of construqtion‘was distributed

among the various items as follows:

Ttem : Actual Cost Percentage of
item over total
£ cost
Labour 36,886.50 50
Material 79,920.75 65
Engineering fee 6,147.75 5
Total . 125,055.00 100

- Of the total cost spent for material, about 75-100

per cent of the material was found in Kenya.
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The per cent of thn total cost spent for skilled
1abour was 20 per cent (K.u 7 377.30). Avproximate daily
wage for unskilled labour in Kenya doing this type of work
ig K.shs. 9.30 and that for skilled labour is X.shs. 15.00

in Nyeri.

Facility construction cost for sewage treatment
for Nyeri towa was not available at the time of research,

and as such this analysis is not included here.

Construction Resources Availzble

CONSTRUCTION

Labour Force Availability

Design engineers, surveyors, construction engineers,

labourers are available.

Of the neéessary.skilled workers; electricians are
not available and steel workers are not fully skilled. The
avéilable skilXed workers include equipment operators,
carpenters, masons, cement flnlshers, plumbers, welders,
pipe fitters and palnters Unskllled workers are also

available.

OPERATION

Equipment Availability

The unavailable equipment in the Nyeri plant include
back hoe, crawler’trdctor,ffrencher, crane, pile driver,

cement mixer, grader, scraper, bruchhog, power saws, pcrtable
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plant is partly available and partly not available:

Operation equipment available ineclude trucks, welders,
meters, lawn mowers, blowers, recording devices, laboratory

equipment, motors, and pumps.

Operation and Maintenance

Material Availability

0f the materials necessary for operation and
malntenance materials not available include blasting
material and clay and wood plpe and fwttlngs Materials
available include silica sand, graded gravel, cement, clean
vates, gasoiine, reinforcing steel, wire mesh and structural
material such as wood; plywood, steel, native bamboo,“gnd‘also
'plpe and fittings, e.g. galvanized, 1ron, steel, cement

plastic, and asbestos cement. Paint is also avallable.

Concerniﬁg labour, skilled labour which is not available
jnclude chemists and tiologists. Skilled mechanics are

available. Unskilled labour are also available.

Chemical supplies which are not available because
they are not needed because of the chemical nature of
water include: Ferric chloride (FeClz), actlvated charcoa]
lime, and ozone. Chemical supplies available include chlorine,
A12804(Aluminium Sulphate), soda ash, and 1aboratofy |

chemicals.
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QHIVA TOWN
WATLR GUPDLY AUD SEUAGE TREATMENT WORKS

An analysis of Thika town water supply and sewage
'treatmeﬁt works was out of scope of the author's research
for burposes of this report. However, Thika is a vexy
interesting tovn from the point of view of its rapid
expansion aé an industrial town of Kenya. Of interest

i'to the author is the fact that Thike's sewage and water
supply facility was constructed fy the middle of 1974. From

the point of view of the nature of research undertaken by

the author, which pertalns o the soc1o—economlofcond1t¢ons
‘which pertain to cost of construction and operatlon of water
and sevage itreatment facilities and quantity of water -
congumplion, Thika today wouid be ah ideal town for study.

Its populatlon at the 1969 census vas 18,387. Its populatlon

| rate of 4 per cent per annum,
36

is growing at an estimate
accordlng to the estlmates,for the years 1962- 1969
Uulng this assumptlon of populatlon growth rate, Thika -
today (1976) has an estlmated population of 23,532.

The author, becausé'ofuinterest was able to have .

access to the figures shovwng the cost of constructlon of
sewage treatment faC111t Thlka town, because thase
figures reflect more or less accuratcly the current cost of
various items in Kenya whlch is experlen01ng an upward trend
in inflation. The cost which reflects 1974 economic conditions

in Kenya wvas as follows according to various items:
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Cost of Building Sewege Treatment Works - 1974

Item ' Cost in K.shs.

Preliminary - insurance, oond, .
construction establishment 474,000
Excavation of sewage 4,255,000
Sewers and pipes | 2,700,000
Manholes : , - 400,000
Concrete structures 450,000
Mechanical equipment 270,000
Others (unspecified) | 751,000
Total _ 9,300,000

*The total amount of money used was K.£ 465,000
(K.shs. ©,%00,000).
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CHAPTER SIX

“NATURE OF VATER USAGE
 AND LEVEL OF WATER CONSUMPTION

-

In order to see how water is used by peoﬁle who have
water and ﬁaétewater facilities and whether thére'are
any socio-economic and cultural factors which deteimine
how water and.wéstewater is used, the author'studied three
samples of water users,drawn from Mombasa, Kisumu.and'
Nyeri'towns. A total. of 95 pefsuns‘werefstﬁdied from

‘Mombasa (33), Kisumu (31) and Nyeri (31).

The water users studied were chosen from three

educational levels as Ffollows:

Level of Education ' Number of Persons

Primary education

(Std. 1-7) 17
Secondary education

(Forms 1-6) 44
Technical Training

(Diplomas and Certificates) 14
University (Bachelor, Master,| - '

Ph.D degrees) 17

Others (unspecified) ‘ 3

Total 95




185

Water Facilities

The following analysis shows the total number of
people who had the same kind of water and wastewater facilities
and those who did not have the same kind of water and waste-

water facilities in ‘their homes.

Facility No. of People having the
Facility
Kisvmu Mombasa Nyeri Total
Bath tub or shower 31 21 18 1 90
Water closet 28 20 15 63
Wash basin 20 18 t12 50
Kitchen sink 29 18 13 60
Tap (outside house) 16 . 7 30 53
Pit latrine 3 T4 24 | 31
Facility - No. of People who do not have
. - the facility
Kisumu Mombasa Nveri Total
Bath tub or shower 0 12 13- 25
Water closet ° 3 13 16 32
VWash basin 11 15 19 45
Kitchen sink 2 15 18 | 35
Tap (outside house) 15 24 1 40
Pit latrine 28 29 T - 64

| The above analysis concerning water supply facilities
in the house shows in addition to the availability or honr '
avajlability of the facilities shown for some individuals that

all ihe people with primary education did not have a wash
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" basin, water closet, and bath tub as compared with people
with University education who had all these stated facilities

in their houses.

Concerning people with secondary and technical
education, those without the three facilities were as follows:

secondgfy (34), technical (6).

From the above observation it may be stated that the
‘higher o:iggiter the education'thé more 1iké1y that a person
will have better water and wéstewater facility in his

house. This is a function of better .job opportunity for such
better educated‘people. This is élso an indication-of what
kind of rent +hey can afford. Houses whose rents are high
also tend %o have better water and wastewater facilities

in them. .Péoﬁle vwith a good education can afford tec pey

rents which warrant the usage of = such facilifies.

It.was also observed that the majority of primary
school graduates as compared with thdse who héd higher
qualifications used tap water outside their houses since
they @o not have water facilities inside their houses. The
majority of them also, as compared with those with higher
educational Qualifiéatioﬁs, used pit latrinéé'instead of
 water closets. In fact a1l University graduates did not use

any pit latrines.
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Usage of VYater

Water usages as usual includes washing eating
utensils, clothes, food, floors (cemented floors), cars, and

bathing and also watering gardens and flowers.

It is to be noted here that water is used much less
-by jndividuals for watering gardens and flowere and also for
| washing cars because not many people own cars. This was -
the ‘author's observation according 4o the sample of people

studied in Monbasa, Kisumu and Nyeri.

WATER CONSUMPTICN

Methodology used in Studying Tevel of Water Consumption

The author studied the amouht of water consumption
per family in all the three towns by studying individual
families that had meter connections in their homes. Data
. eoncerning their monthly expenditure on water was collected.
Uzing the average amount of money they paid per month fér'
water, the author got the following dlstrlbutlon of the
amount of water consumpt"on, using the current cos+ of wauer,
" which is Kenya shillings 2 60 per 1000 lltreo and also |

. wsing the maximum amount of money pald for water per month.
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lumber of

Average amount

Average amount

Average amouny

Families of Money paid of water con- of water con-
per month by - sumption per sumption per
each family month by each day by cach

: family family
K.shs. Litres Litres Gallons

11 10.00 3,846.2 128.2 28.5
25 11.00-20.00 7,692.4 256.4 57.C
28 21.00-30.00 11,538.6 384.6 85.5

3 31.00-40.00 15,584.8 512.8 114.0

3 41.00-50.00 19.231.0 641.0 142.4
11 51.00-60.00 23,077.2 769.2 170.9
81

The above figures show that the

average amount of

water consumption per day per family is ‘betveen 128.2 litres

(28.5 gallons) - 769.2 litres (170.9 gallons).

Marital Status. of the Families

The marital status

follows:

of the families studie@ was as

Marital Status No. of Households
Single 18
Married 75
Unspecified 2

Total 95
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An analysis'of the number of wives married to each
individual and the total number of children in each family

vas as follows:

Number of Wives

Number of VWives
in each Tamily

‘Humber of Families

75 ‘ 1
15 '
3
1
1

O AW

Total 95

Number of Children

Number of Families Number of Children Total
in each family
5 0 0
9 1 9
13 2 26
12° 3 36
13 4 52
4 5 20
5 6 30
3 i . 21
> 8 40
3 9 27
1 13 13
1 15 15
1 19 19
Total 15 308
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Acéording to the abeve figures pertgining to children
it can be calculated that the average number of children per
 family is 4. Therefore for the majority of families (75
in number) where the spouse is married to one wife it can be
sald that the total: number of persons in each iamlly is 6.
On the average, therefore, the number of persons in tach

family studied was 6 (this approximation exempts families

where persons are not married).

The total number of persons in a family can now be
related to the dally water consumption per family as statcd
above |

We get the following figures which show the per

capita daily ccnsumption based on the above categories of

~
consumerl:

No. of Avergge amount Average - | Average Average per
Families of money paid corsunptiony consunption | capita con-
per month by per month | per day per | sumption
each family per family = family per day
K. shs. Litres | Lits.|Galls. Lits. Galle. |
11 10.00 53,846.2 [128.2 28,5 21.37 4.75
25 11.00-20.00 7,692.4 256.4 59.0| 44.1 2.5
28 21.00-30.,00 | 11,538.6 584.6 85.5| 64.1 14.25
3 31,00-40.00 | 15,384.,8 [512.8 |114.0} 85.45 19.0
3 41.00-50,00 | 19,231.0 {641.0 |[142.4|.06.8 23.7
11 51.00-60.00 | 25,077.2 769.2 1170.9 {128.2 28.5
81

The sample studied shows that the

average per capita

daily demand as shown by the study of 8l families is between

21.37 litres (4.75 gallons) - 128.2 (28.5

gallons).

These
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‘figures are approximatélf the same aé those worked® out by
the Kenya Vater Apportionment Board which has the following
Spécifications concerning per capita daily water consumption

for Kenya as a whole:

Per capita daily water con-
sumption

For persons 20 gallons (90 litres)
For big animals (eg. cattle) 10 gallons (45 litres)

For small animals .
(e.g. sheep and goats) 2 gallons ( 9 litres)

Fog irrigation per acre .

to provide 3 inches of ' 5

rainfall equivalent - 2269 gallons (10210.51litres)
per month)

From the sample study of water consumers the author
noted thzt a hlgher standard of living for an 1nd1v1dua1
was concomitant with more money paid for water consumption
when this standard of living was compared with a lower one.
Thus persons who had'cars spent a little more money on water
than those who had none. Of course also the totél nunber of
people living in a household having water facilities also
had a great effect on the totzal amount of.water used per day.
For ekample single ﬁersons in the sample studied (cohstituting
18 households) formed the entire number of families (11
altogether) who spent the least amount of money per ﬁonth
(K.shs. 10.00) for their water bills. This shows that the

most important single facvor in determining the amount of
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water used is the number of people using that water. Anothor

factor which comes close tc the total number of persons

using water in determining more usSage of water is the level

or standard of living of different individuals.

Income of the Samvle Using Vater Facilities

* The following was the distribution of income of

the sample of people who used the water facilities:

Income per year No. of persons earning |
the money

Not stated 40
K.£ 100-200 (X.shs.166.65-333.30) 1
W 201-300 ( "- 333.30-499.95) 1
" 301-400 (" 499.95-£66.60) 14
" 401-500 ( " 666.60-833.25 4
n 501-600 ( "  833.25-999.90) 1
n 601-700 ( "  999.90-1166.55) 2
n 701-800 ( " 1166.55-1333.20) 9
" n gp1-900 ( M 1333.20-1499.85) 4
" g01-1000(: " 1499.85-1666.50) 4
1 v 1001-2000( " 1666.50-3333.00) 12
n 2001-3000( " 3333.00-4999.50) 2
Total 95

It should be-noted here that the amount of one's

income per month or per year determines where a person will

. 1ive in a town and consequently the type of'wafer facilities

available to him.

This income also determines tie level of

1iving of an individual which in turn will control how mucCh#
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- . water he uses every day. Aslhasvbeen stated above; a higher
standard of living demands more wafer usagé. This higher
standard of liviﬁg is experienced mainly in urban areas where
fhe more and better educated Xenyans are now living because

they have better job opportunities there.

Nature of Vater Usage -

There are cultural and religious reasons which hinder '
the'sharing of water and wastewater facilities among Africans
living in urban areas. For example there are certain relatives
who cannot share bathrooms and water closets with other
relatives. This depends upon taboos and religious beliefs
which pertain to certain tribes iﬁ Kenya, as it is in other

o ) P T I T
pel vio UL Alllva.

Phe families studied in Kisumu, Mombasa and Nyeri
towns showed the following negative attitude toward sharing
water and wastewater facilities in their houses withvcertain

types of relatives or other persons of some specific type:
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Families that Cannot Share Bathroom (Bath tub_and Shower) with

Certain Relatives

Type of Relative

No. of Families that

cannot sharc¢ vathroom

(bath tub and shower) with
that relative

Strangers or visitors I do
not know

Parents—-in-law
Adult uncles énd aunts

My parents (when children are
fully grown)

Adult nephews and nieces
Sisters and brothers-in-lav
My grown up children

Yersons wino G0 HU L ollale wy
religious belief

39
30
19

12

Similarly.the following negativexattitude was shovn

regarding sharing water closets in the houses.
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Type of Relative . No. of Fa-ilies |

. that cannot share
water closets with
that relative

Strangers or visitors I do not know 29
Parents-in-law ' : 23
Adult uncles and aunts 20
My parents . 10
Adult nephews and nieces ' 9
My adult children 4
My brothers and sisters-in-law 3
Persons who do not share my :
religious belief 1.

The heads of the hotiseholds studied gave & number
0ol recasons for not making their water and wastewater
- facilities available fer the type of relatives and people

stated above. These reasons were as follows:
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Reasons for not Sharing Bathroom (bathtub and shower) and
Water Clogset with the Stated Persons

Reason ' No. of Families

» stating the reason
Customs and tabocs of my tribe

do not allow . . . 25
I am not aware.of their cleanliness

(medical reasons, health reasons

. . e 15
They give no assistaice in household

duties , 5
Personal conscience and respect 4
Psychologicel reasons (e.g. attitude

towards otner people) A 4
Inconvenience e
Religious reasons (e.g. people who

belong to different religions) 1
Strangers may be thieves )
To segregate youth from the old 1
To relieve family of the burden of

living expenses _ 1
These people are not used to me X1

African: way of life entails so much communalism,
espedially that pertaining to relatives that it is often
too difficult for anyone living in an urban area %o detach
“himself completely from relatives and frlends. Afr}cans
who live in urban areas find that they have to accommodate
relati#es and friends from rural areas who have gone fo the
urban areas in search of a job. But there are taboos as
noted.abobe-ﬁhich forbid.intimate mixing with certain types
6f relatives or people. Furthermore, economic difficulties

of a financial nature now make it too difficult for pecple %o
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help and aécommodafe friénds and relatives who go %to thenm
in the congested urban areas. Even in the rural areas
these customs and faboos exist even more strictly than they
'afe observed in the urbén areas. Consequently because of |
ah_earlier socielization received in rural milieu x it is
difficult to eradicéte'these attitudes among urbanites in
'Africa today. Hence the attitude of these urbanites

recorded above.

One may now ask vhat alternative arrangements may
be made to meet the water and wastewater needs of pcrsons
who find in an urban situation that they hLave to share
. these facilities with their ielativés. The following.are
the suggestions nade by the various families studied as
to what alternative arrangements can be-ﬁade for their

relatives, if there are any alternatives which are feasible:

-

".The alternative arrangement No. of families
- in favour of thav

alternative
Have a separate building (house)
for the relatives : ' 12

Consult authorities (e.g. the government)
to build extra houces for them in

"urban areas ' 11
Place them in a friends house which is

distant from your -house 6
Have common public baths etc. . 4

Encourage these people to have their
own facilities ' -3

Have a bigger house . 1
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It should bé noted that one of the suggestions statad
fabo&e as an alternative arrangement is the establishment
"of.public baths, water closets, and other types of lavatories.
‘This type of alternative is not acceptable to all the
families that the author studied. 26 families were opposed
to public utilities, and 47 families accepted the use of
public uvilities. The following were the reasons given by

the families not in favour of public water and wastewzter
p .

facilities:
Reason for objection to use of No. of families
public utilities in favour oI that
reason
Spread of diseases . : 15
People will fail to pay for these
Taciryiies 4
These facilities will be misused by
. people ‘ ' . 2
Money spent for building the facilities
could be better used for building a
water supply 2
I would meet relatives whom I would not
traditionally like to meet . 1
One should use his own facility for | .
privacy 1
There may be sudden deaths in such public
places ' 1

The religious affiliations of the families studied

were as follows:
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Religion ‘ No. of adherents
Protestants o 55
Roman Catholic . ' 22
Mohammedans, 16
Unspecified -2

The above attitude of the people'foward utilising
public water and wastewater facilities is important in
view of the government's wish to provide water to everybody
in Kenya. In thé rural areas, peoplg are poor and may not
be able to afford individuql meter connections. Public
utilities could only be used jf péople vere wil]ing to pay
for them jointly. This will depend upon raising the level
of living of people in the rural areas so.thaﬁ they can affofd
to pay for their water, either iﬁdividuélly or on a commuvnal
basis. Communal use of water depeﬁds upon chaﬁging people's
attitudes and as has been pointed out above this will tak=
a long time. The Kenya goverhment will have to think
carefully how to introduce rural watei.sﬁpply'usage in such
a way that even the very poor wili have access to vater for
all types of use. What makes things more difficult is'thev
fact that rural life is not stable. People are reluctant
to build permanent houses because of the African way of life.
This makés building permanent water sources difficult for
a given community or population in a rural area. Young
men and women now move to urban areas to work and few are

reluctant to stey in the rural areas permanently.
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CHAPTER SZVEN

SUITARY

This report has entailed a detailed analysis of
.bthe socio-economic conditions which pertain to cost of
cbnstruction and opefation of water'and sewage trcatment
‘facilities and quantity of water consumption in Kenya.
The socio-economic conditions which have been analysed
must be considered in any situation which requires
rational planning f(r the supply of adequate water and
wastewater facilities, their operation, and mainteﬁance,
and the total cost of construction of such facilities and
the total recurrent cost of_administfation, operation and

maintenance of such facilities for a given population.
Rational planning for water development aimed at
: sérving a given population adequately at a given time at

present and in the future must consider the following factors:

1. Size of Population Served

The population growth rate per yéér of a2 given country
or community to be served with water and vastewater facilities
must ﬁe known in addition to a knowledge of the present size
of that population.‘ The mortalify rate per thousand populétién
must be kpown. Thus both the fertility rate per thousand
population and the mortality rate per 1000 population must.
known in order that the survival rate of the given population

can be known.
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Along with %he populafion growth rate the life
expectancy of the population shovld also he known. This
factor is important so that planners for vater development
may have a rough idea as {0 how long a given population is
-expected to utilize certain amenities. The average life

expectancy in Kenya is 57.2 years.

2. Migration

Closely connected with population rate of growth is
rate of growth which is not due to natural increase but
which is due to internal or external migration into a given
population every year. Also emigration out of this given

populaticn should be knovm. This knowledge of permanent

vt ernaddan AnA nArmanant At mirrmadian AT Annalad oy
Inemigedtion ond vermonent ond migmotaom ot Dol
is necessary so tha* the total size of permanently settled
population should be known. This is the population to be

served with the amount of water available for their use.

In a developing country like Kenya, rural-urban
migration is a great protlem. There is gravitation of
population from rural areas to urban areas. At present the
- average annual rate of growth of Kenya's main towns is 3.89
per cent (which is nearly 4 per cent). This raté'of
growth of towns is due partly to natural increase and partly
to in-migration. The problem of water supply and wastewater
facilities is concentrated in Kenya's towns vwhere the
“population is increasing rapidly. A water development plan

must take account of this fact, especially as it relates
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to the portion of Kenya's population that is receiving
formal education and whose ultimate area of abode is

urban arcas where the young cducated persons hope to find
employment.. Whether they find employment or not in urban
areas, they still go to the urban areas te live. Hence
educational levels and the nature of this education must be

considerced in planning for water demands in urban areas.

3. Educational Ievels

Kenya's primary, secondary, technical and uhi&ersity
education has increcased rapidly over the years since
independence. More schools of all categories have been
built and enrolmeﬁt in them is ever increasing. The effect

of this.as has been stated iu that all the eraductes Trom
theseqschools will be going to the urban areas to work and
live there. This in turn necessitates a rational master

plan for adequate provision of water and wastewater facilitieé
in urban arcas, This in turn costs more money to construct,
operate and maintain watér and wastewater treatm?nt
facilities, not only in urban areas but also in rural areas

where these people will have to work as it is the Kenya

government's plan t¢ develop the rural areas as well.

As was pointed out earlier in Chapter six the‘more
people get higher education the more necessary it is that
they will need more sophisticated facilities for water and
wastewater usage. This in turn will cost more money to
construct such facilities and there will be need for more

" water usage for the people who utilize such facilities and



- 203% -

thus fhere‘will be greater water demand.

4, Rdle of Family Planning Programmes

. A community or country whose pcpulation is increasing
very rapidly, such as Kenya's will lack the necessary
amenities of 1ife (e.g. water, food, clothing and shelter
and many other necessities of modern 1ife) if the country
is not% rich in resources and if nothing is done to curtail
the population growth. Kenya has realised this, and as such
it has a family plarning programme aimed at reducing the
population growtﬁ rate. If such a programme is successful
it may help to reduce the expenses téward the constructicn
ol sewage and water supply treatment facilities as well as
Wl 'a.liluuu'u Of wa el lecded LU bauvioiy e domanie ul pluply
in a houschoid (at family level) and in a whole nation
or commnity. Kénya‘s five year plan (1974-1978) in the
area of family planning hopes to prevent 150,000 births
by 1978. A successful family planning programme thus

may eventually help to reduce family and national expenditures

on water demand.

s. Sources of VWater Supply

A countrxlthét is endowed with plenty of ﬁatufal
vater resQurces'from rivers, lakes and groundwater'which are
supplemented by good climate which causes the necessary |
precipitation is lucky because its populavion éan have
access 4o adequate water supply. The opposite is the case
.in a country that is not so very well endowed with naturel

water recoources. In fact the natural water resources arec
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the limiting factor since if there are none a population
cannont be served with water.' Therefore planners in water
‘development should know the sources of water supply and the
quaﬁtity of water likely to be derived from such sources for
huﬁan and livestock use. Water from such sources moreover, mﬁst
be of good qualiiy fbr human use. If not, the water must te
treated specially to meke it useful for humens. This costs a
lot of money. VWhen gnantities of water deriyed from such
sources arc knovn, then it is possible to plan for water supply
for a known populatinn. Kenya has lake, river and ground water
sources. The river resources are the best scurce for Kenya's
water supply. To develop such water source in Kenya for hwuan
consumption is a costly affair as it requires a lot of money
and capital. Once a water supply has Dbeen built, the water
requires wreatment. kXcepting supplies from sprinzs which
nced only chlorination, supplies from river so@rces require
full treatment - coagulation, sedimentation, filtratioﬁ and
disinfection. This kind of treatment is much mbre expensive
than the treatmént of water from springs (sub-surface water).
Kenya gets its water supply from springs (in some places like

Mombasa), rivers (or surface water), and also from groundwaier

or boreholes,

Treatment of water from boreholes is not as cxpensive
as the treatment of water from rivers. It needs only dilution
with fresh water from another borehole if it has high salt

content and then it is treated with chlorine.
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6. Availability of Technicians for Water Suvply and
Sewage Treatment Works

As stated before, there are not enough skilled
technicians of a high level such as design engineers,
surveyors and construction engineers. Those that are
available can»do a good job but there are notv enough of
them. Skilled supervisors are not available in adequate.

numbers.

There are a number of reasons for dearth of tfained
personnel and skilled workers for water sﬁpﬁly and sewage
treatment works. Firstly, there are not enoﬁgh places
available for training such persons relative to the
present demand for training. Since t;aining of such people
ig based on apprenticeship there are some employers that
do not have adequate féqilities for training their employees
and as such they are no% licensed by thé government to
frain them. Secondly, there arc employers (private) who
are not in favour of employing High School Graduateé who
are sco skillfully trained as they will demand high wages
or salaries which the employers cannot afford. Thirdly,
High School Graduates who are academically oriented
do not want to undertake such technical training as would
Qualify them to do the jobs which require their training'
for private firms, industries or the government because the
wages or salaries offered by these bodies are not attractive
enough. Closcly related to this phenomenon is the fact that
people who arc cualified to train such people also do not
wanf'to accept obs offered them by the government or firms

~ because the salaries are not attractive enough for them.
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This is especially so in the casé of expatriates who form

the bulk of %he best qualified persons to train other

- people. When better salarics are offered and more training
opportunities are offered, Kenya wlll not suffer Ifrom lack

of personnel and skilled workers for the job of construciion,
operation, and maintenance of water supply and secwage treatment

works.

7. Cost of Construction of Water Supplv and Sewage
Treatment Facilities

As has becn pointed out, Kenya has the capacity for
the construction of the above facilities using both local

and expatriate knowhow, However, problems are experienced

vhen i+ pomeo 1n the nneat nf Aaneradt inn and mairntenance
T e

of such facilities because of lack of qualified personnel

for such jobs and for general supervision.

It was .stated earlier that Kenya gets money for

" construction of the above facilities from local sources
coupled with external loahs and grants from bilateral

énd international organisations. However Kenya has to get
enough money for operation and maintenance of watér supply
and sewage treatment facilities which al so include

‘recurrent expenditure for administrafion. This is the aspect
of water\developmcnt for which Kenya cannot find enough money,
Watersupplies built by different communities on a self-help
basis have reduced appreciably government expenditure on

construction of water supplies.
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8. Financing Yater Sunply Administration, Ovperation

and lMaintenance

There is shortage of funds provided by the government
for recurrent expenditure on water supply, operation and
maintecnance. ‘Currently the government has allocated
£ 250,000 - £ 300,000 for water supply administration,
operation and maintenance. This amount is abdut 20 per
cent short of the satisfactory amount required to provide
the population served with water and sewage faéilities.

The amouﬁt nceded should cover provisions for skilled and
gemi-skilled labour, fuels, chemicals, tranéport, miscélleneous
material and equibment, supervision and administrative

services.

- It 55 to be noted that each water supply development
entails an additional running coSt embracing more nen,
~ fuels, chemicals, etc. which in turn nced adequate recurrent
funding. The.funds must be provided in order to make water

available for the population.

In view of the aﬁove observations, it is not economical
to restrict.water production because this will reduce vater
revenue from consumers and it is the government that will
suffer since it will not get enough money to take care of
recurrent expenditure on water. The best thing to do under
‘these circuﬁstances is to fix the price owaater at a level
wﬁich can be afforded by both the poor and the richer segrents
of the population, but a price level which will produce

. enough income to cover a predetermined portion of total coSsv,
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including development. In urban arcas sewage ireatment
. facilities are now overloaded due to rapid population growth
in. the urban areas. This causes more expenditure on the

operation of wastewater facilities.

9. The Relationship between the Cavnital Value of
. Vater Sunply Installations and the Running

Expenses

It has been noted (in thé case of Xenya where there
are a large number of water supplies of various kinds yhere
the "average" supply does not vary greatly) that as the
instaliation asset value grows over the yeafs through
development carried out and completed, so does the recurrent

cost.

It éhould be noted that Kenya imports all chemicals
used in the treatment of water except soda ash which is
obtained locally. If all the chemicals used in the treatment.
of water were obtained locally, the running expenses of

water supplies would be reduced greatly.

10. The Effect of Inflation on Prices of Maicrials

Inflationary trends which are world wide have had
the effect of raising the prices of things as well as the
price of food. Consequently for Kenya the prices of materiéls
needed for the coné@ruction, operation and maintenance of
" water supply and sewage treatment facilities have also
increased. This increase has also affected the cost for
labour, since because of inflation, salaries and wages

have also increased. The average increase of cost of
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materials and labour today is estimated to be approximately
10 per cent per annum and this increase due to inflation

is expected to continue for the future years.

11. .Labour Force

It has been noted that among the highly skillful
and technical workers, such as engineers,‘bhemists, and
others, the non-local (expatriate).portion makes up 25.5
per cent - a rather.high percenfage considering that the
expatriates earn a higher salary than that of the local
experts. Consequently, as pointed out befofe, there is
lack of expertise.in important arees of work'pertaining to
construction, operation and maintenance of water supply
and sewage treatment fac¢ilities because it ..s the
-expatriates who form the bulk of the experts at the top.
If Xenya could train‘its own local highly qualified staff
in these areas which need their skill, it might reduce the
éXpenditure pertaining to salaries which are now paid o
.exPétriates who earn more than local staff with the same

qualifications.

12. Effect of Unemvlovment

As has already been stated, about 80 per cent of
Kenya's labour force isvunemployed. This has an effect on
the total water cbnsumption which would be higher if this
section of the popu;ation had wage employment. The ratidnale
here is that with eﬁpioyment these unecmployed people now
numbering 5,215,300, would be in a position to pay for their

water coasumption., This naturally would increase the
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amount of water demand and at the same time would increase

.revenue from water,

- 13, Effect of Public versus Private Sector in Wage

- Employment

A% present because the private sector (private firms
and indﬁstries) offer higher salaries than the public
sector (the government), there are more pecople employed by
fhe private sector than by the public sector. There are
468,700 péople employed by pri?ate scctor as compared with
340,600 people eumployed by the public sector. Thus the
private sector hasemployed 128,000 more people than the
public sector. The effect of this is that the government
is short of employees who otherwise would be employed on
the jébs which, for example, pertain to. construction,
operation and maintenance of water supply and sewage treatment
- facilities. More émployees in this area would result in
more water supplies constructed which would probably mean
that more people would use water and thus there would be
| more revenue received from water consumption although
thié aléo has the effect of creating more recurrent expen-

diture to operate and maintain additional water suPplies.

14. The Effect of the Average Income ver Family

AThe}average income per year per family in Kenya is
only K.£ 300 (K.shs. 6,000). This income is too low for
people to wani to make full use of piped water which must
be paid Tor. Consequently many employed people in Kenya

cannot afford living in homes where they have to vpay a
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substantial amount.of méney for %heif water. This has the
effect of redﬁcing,the aﬁount of income or revenue that thé
government could derive from water cﬁarges as it also has
thé effect of disqouraging plans for expansion of the rumber

of water supplies needed by the population.

If wages are increased adequafely to take care of
such expenses as water,'it is likely that the government
may collect a little more revenue from water tﬁan it is doing
at the moment. But raising the incomes of individuals also
entails educatlnb the populatlon and giving people skills
and knowledge necessary for work and er°rtlSc required in
many fields. Herce this also has the effect of extra

expenditure by the government on educational expaneion.

15. Expanding Rural Water Supplies and Vastewater
Facilities

‘Rurel populabion is still poor. Customs and the
concomitant taboos still control people's behaviour. Research
by the author, reported here shows that because of the
African traditional way of life many people are not in
favour of shared water and wastewater faciliuies in their
homes or in their comrunities because of certain taboos |
“which restrict such sharing of water with certain individuals
and relatives. This attitude is observed both in rural
gnd'urban areas. Public water facilities in rural and
urban areas for the purposes of bathing and wastewater

disposal are not very welcome by people. Therefore plans
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to establich watef supplies in rural areas must consider
people's attitudes, toward water usage. Individual water
connections would be ideal but rural_population is péor and
méﬁy people cénnot afford to pay for their water. For
those who cannot pay for their water it seems that the only
alternative possible is the establishmeht-of communal water
points whose supply can only be used for drinking,_cooking
and bathing at home (not in the actual communa} water

spots from vhere individuals will have to draw water and
Sp

carry it home).

The’spirit'of tgelf-help" (Harambea).iﬂ rural
areas has made it possible for people in different coimmunities
' in Kenya to construct their own water supplies using
fheir‘own resources. This has greatly reduced goverrment,
expenditure on construction of water supplies in fural
areas. Due to poverty.vhich makes it impossible for rural
.people to construct more sophisticated water supply
and wastewater facilities whose cost of operation and
maiﬁtenance they cannot meet, it would be worth:ﬁile to
advise rural people to usé pit latrines’ which are cheaper

40 construct and maintain.
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AP2ENDIYY A

PEMOGRARINIC AND TECHIOLOGY DATA

‘Please check the nppropriate category in cach question. If exact figures
are not available, give the closest estinate. '

POPULATTON
1. Present Populaticn - The figure or estimate of the present population
should reflect the number of inhabitants that the proposed water or

wastewater treatment facility is going to serve. ‘ '

(1) Between 500 and 2,500 people

. (2) 2,500 - 15,000

. (3) 15,000 ~ sd,ooo

. (4 50,000 - 1oo,ooo’

% (5 Othex (specifn ’Wombagauum;QKisuﬂuymm;m5$1ﬁ§i_ Yenye

328,357 47,200 12,454 13,413,000

For cach question from number 2' to number 9 1f local or site £igure is
9

3
not available, please use national figure and also indicate whethexr it is
national or local figure.

2. Annual population growth rate’

National [::} Loca.l
. (1) Less than 1%
(2) 1% - 3%
X, (3) 3% -5z 3.5%
Wy 5% -107
(5) 10%Z - 20

(6) Greater than‘20%
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3. Lifc expectancy of population ian ycars

_ National D Local

(1) Less than 40 years old

(2) 40 - 50
X (3) 50 - 60 57.2

(&) 60+

S

4. Birth Rate: The average number of newborn each year per 1,000 popu-
lation.

Natioaal D Local

(1) Less than 10

(2) 10 - 30
~(3) 30 - 50
X (&) 50 - 100 ‘50

{"y 100 - 200

~ vV

(6) More than 200

S. Infant (under one year of age) mortality rate per 1,000 population
_each yecar. o

National [_] Local

(1) Greater than 100

(2) 50 - 100
(3) 30 - 50
¥ (4) 10 - 30 17

—__ (5) Less than 10
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" 6. survival Rate: The percentage of inhabitants expected to survive
during any given ycar. .

E’B National D Local
(1)  Less than 80%

(2) 80% - 90%

(3) 907 - 95%

97%

H

4y 95%

v

. X (5) 97%h - 99%  98,4%

. (6) More than 99%

7. % of Emigrants: The percentages of the total pcnulation that leave
the area and begin to live im another community cach year.

[Zﬂ National [::] Locél

X (1) Less than 7%

(2) 1% - 3%
(3) 3% - 5
) 5% - 10% -
(5) 10% - 20%
- (6) Creater than 20%

8. % of Immigrants: The percentages of the total population that have
just arrived to live {n the community on a permanent basis cach year.

National D Local
x (1) Less than 1% -
(25 1% - 3%
(3) 3% - 54
() 5% - 10%

(5) 10% - 20%

-(6) Greater than 20%
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'

{ .
9, Calories intake por day per person

National [:] Local
(1) Less than 1,000

() 1,000 - 1;560

() 1,500 - 2,000

X (4) Greater than 2,000 2200

TECINOLOGY

10. Level of water trecatment technology development in the local comm

fype of Water % of Peoulation bBeinw Servad
Supnly Sysuvem 0-25% T geo5Gr. 1 SG-75Y ¢ 15-100%

K

(1) Central:
village or
street pumn

- I

X
(2) Pipcd uaten N | :
supnly to { M
houses

11. Level of sewage treatment technology development ia the local cox

Iype of Systen | % of Posulation Hrinx Served
[ 0-25% 25-507 50~75% | /3-1ildi
(1) Secwage K*‘
collectic ¢+ N . . N®*®
systen {
(2) Sewage M K
treatment N

‘Kez: M - Mombasa
K ~ Kisumu
N - Nyeri

Main tovm sewerage
*% Tovn plus separate systems
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In the judgement of the respondent, which of the following most .
appropriatcly describes this project.

12, Technology Advancement

x M,K,N(1) Simply transfer of a process that had beea successful elsevhere,

X N (2) An adaptation of another process but altered to be more suited
to local characteristics,

x K (3) A unique process developed especially for the characteristics -
of this site. '

13. Quality of Project for Research

x M (1) A breakthrough for enhancing the development of this country.

N(2) 4n important feature for the local people but not significant

x I
. to overall development of the country.

—— el

(3) Redundant, of little use to the people.;

.

Key: M - Mombasa
K - Kisumu
N - Nyeri
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APPENDIX B

SOCIO-ECONOMIC DATA

Check the appropriate cateeory for the following.

1. Average level of education obtained for the community,

. High Technical
Level None Primary School Institute Collcege

) 95% 4% 1% 0% 0%

) 707 19% 7% 3% 1%

[ €D 55% x 227 147 6% 3%

() 9% 345 427 S% 7%

b 607 ~ 1.7% 0.05% 0.06%
2. Avevace diervibntion af Tahay Favee in thoe cooneadty '

, Level Unskilled Semi-Skilled Professional
R ¢ 9| 97% , 27% : 1%
) 807 167 4%

[ &) 61% 27% . 12%

—_ W 45% 30% 25%

_x. (5 6.41% 1.80% 0.17%

3. Annual average income per family in your countiy currency.

300 Kenya pcunds

amount unit

If available, also choeck thz approximated U. S. dollars equivalency of
this amount shown in the foilowing

(1) lLess than $100

(2) $100 - $1,000 ¥ 750

(3) $1,000 - $3,000

(4) Creater than $3,000

| I+



A9

4, Awong the highly skillful and technical workers (for example, engineer,
chemist, etc,) what percentages of these are non-local or non-native

pcople.
\ (1) Less than 10%
(2) 10% - 25% ‘
(3) 25% - 50% 25.5%

) 50% - 75%
(5) 75% - 100%

|1l

5. Are the primary and sccondary schools operated by voluntary or
missionary organizations? )
X (1) Yes (2) No
%ut not all )
of them

6. VUhat is the highest grade offcred by local schools on a.regular basis?
(Circle onc)

x XX
1 2 3 & 5 6 7 8 9 10 11 12 "2 Not man

'.

7. If the number sclected in #6 above is less than 12, how far away is the
nearcst high schiool offering the 12th grade? '

Srtrt——

(1) Less than 10 miles (or less than 16 kilometers)' Not applicable
— (2) 10 - 20 miles (or 16 - 48 kilcmeters) '
—_ (3) 30 - 50 miles (or 48 - 60 kilomaters)

(4) Greater than 50 miles. (greater than 60 kilometers)

' (5) Other (specify)

N

& . .
8. Are there any technical or vocational schools in the commnunity?

_x_ (1) Y=s —_— (2) No

9. Nas the community achieved compulsory primary education of at least six
years?

[ Y

(1) Yes X (?) No
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10. Are there any formal in-service training'programs by either the government
or local industry for their employeces?

x (1) Yes (2) Wo

11, 1s there a college or university in the communi ty?

_BE_‘ (1) Yes '(2) No

12. Docs the university have a chemistry departﬁcnt or laboratory?

X (1) Yes (2) Yo

13. lNow do you rate the ability of the community to finance 2 water and
scwage treatment project?

(1) Unable to repay; the project is a pure charity scheme because
tke beneficiaries are poor.

O e

X (2) TlLimited ability to repay; however, the social bencf{its cxceed
the social costs. — For Mombasa, Kisumu and Hyeri

(3) Repayment prospects are good; the beneficiaries have compara-
tively high incomes.

Smas e

14, 1s uncmployzent widespread?
X (1) Yes - . . (2) No
I1f available, give'thc percentage of unemployment émong the total population.

92.8 % of unemployment

. H :
* ©w N . L
15... Are advisory services widely available to famiers for community develop-

ment-or for other programs designed to upgrade the skills and enlist

the participation of the masses?

X (1) Yes (2) Ho
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16. Do most college or university students of the comtunity receive their
s ~ education in neighboring communities, neighboring countries, or

' other foreign countries? '
(2) Yes X (2) Yo

vt

17. The level of technology available can generally be classified as |
) Hand tools

X (1) MYand tools only and some
X  (2) Mecchanical tools (i.e., gasoline powered equipment) QGC{zniCEﬂ.
fele}

(3) Chemical products (fertilizers, chloerine)

(4) Electronic technology

18. Docs the government dominate the labor market?

(1) Yes | X (2) No

19. Ave public employment services readily available?

verv cefficient

Questions 20 - 23 relate to the availability of materials and equipment.
Check those items that are never available in the Community.

L

20. Operation: Which of the following are never available in the local
community. :

(1) Meters - 'Not applicable
(2) Lawn mowers

(3) Blowers

(4) Lkecording devices

(5) Laboratory equipment

(6) Portable power plant

(7) Motors .

(8) Pumps

REREEEE
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B-5
21. Process: Which of the.followins 2re never available in the local
. comnunity.
— (f) Pipe (clay, steel, cemcnt"plastic, copper, etc.)
___ (2) vipe fittings ' L
—- (3) Paint
___ (&) valves
— (5) Tanks
. (6) Gauges
X (7) Reat exchangers

22, oOperation and Maintcnance: Which of the following are never availabie
in the local community.

(1)
(2)
3)
4)

11

Silica sand - Not applicable
Graded gravel '

Clean water

Gasoline

23. Chemicals: Vhich of the following are never available in the local
commmpd far,

(1)
(2)
- (3)
)
(5)
(%)
(7N

&)

IRRREREN

AléSO(, (aluminum sulfate) Not applicable
FeCly (ferric chloridée)

Activated charcoal

Lime

Soda ash

Chlorine

Ozone

Laboratory chemicals

3.l

24, Major Water Source (check appropriate category) .

X ()
(2)
(3)
— &)

]

River or stream
Lake or impoundment
Wells

Sea or brackish
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25. Approxiﬁate per capita water demand (daily)

(1) Current demands ' in (units)

(2) 10 year projection;
‘(see next page)

26. Is groundwater available?

X (1) Yes . (2) No

27. Are wells already drilled?

X (1) Yes (2) No

@

28, Is a central wastewater collection system in existence?

X_ (1) Yes (2) No

29, Is the following wastewater data available? Please fill in the
pexcentage of people in the community that are: - S

(1) Currently connected to the syctem _ %
(2) 7To be connected within 5 years of

the start of the project %
(3) 7To be connected within 10 years %

(See next nage)

30. Are industrial and commercial concerns using the waste water system and’
if so, in what quantity? (in thousands of gallons)

(1) Currently
(2) Within 5 years
"(3) Within 10 years

Figures for Kisumu, Mombasa and Nyeri towns are not available.
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5-7 1rnillion gallons for Mombasa Town
17,779,080 million gallons for Mombasa Town.

25.

2,160 gallons for Nyeri Town

, 300,000 gallons for Kisumu Town

(1)

(2)

él 517,000 gallons for Nyeri Tovm

2) 63

3 %

2 2 , 340,000 gallons for Kisumu Town

29, (1) 2.6% for Xisumu

(1) 10% for lombasa
2) 50% for Mombacza
3) 90% for Mombasa
1
2

: 25% for Nyeri
100% for Nyeri
%)100% for Nyeri
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APPENDIX C
- PROCESS DATA
Plcase supply the following data recloted to the treatment process of the

project. 1If there are wore than one treatment plant, please f£ill in ONE
data sheet FOR _EACH PLANT. _ -

* For Vater treatment process, please Fill in PART I; and for Scwage treat-
ment, £il)l in PART 1I. Indicate the data either in metric unit or in
British unit,

~ Kisumu Town

PART I: WATER TREZATMENT PROCESS

1. Type of Process: Lake supplv-coaculztion. upward. flow, sedimentation,
» rapid gravity filtration, disinfection and .PH
correction. '
2. Please check the appropriate water treatment ‘process or processes in
the following which fit the one(s) used at your treatmeat plant.
(1) Pul*¥ Drilled Well
x ,' (2) Fd2  Pre-Treaiment
(3) PW3 Slow'Sand Filtration
X  (4) Pd4  Rapid Sand Filter - Conventional
(5) PW5 Rapid Sand Filter = Advanced
(6) PW6 Softeaing.
-X (7) P47 Disinfection
(8) P48 Taste-Odor - Fe, Mn '
- (9) P9  Desalting - Salt (Sea water)

(10) rWl0 Desalting - Brackish

(11) YW1l Coagulation Pressure Filtration

* PWl, PW2, fwz, etc., are process codes used in the OU/USATD'projccr.



. 3. Source

(1) River or stream |
X .(2)- Lake or impoundment
(3) Wells |

(4) Sca or brackisﬂ

S au—

fSub-tredtmcnt méthods used
4, Settlinq |
| (1) Plain sedimentation
X (2) Coagulation
(3) Tube or plate
"X (4) Upflow

X (5) Coagulation material

X
a, 1}12804

b, Fu313

c. Polymer

d. Other

(6)" Approximate design criteria used

British Unit | ‘Metric Unit
a. loading rate (Q/A)

(a) Less than 500 gpd/f:zor

(a) Less than 20 w/day
(b) 500 - 1,000 or X (b) 20 - 40 .

L g

(¢c) Greater than 1,000 or (c) Greater than 40
.b. Detention time in hours

(a) %-1

(b) 1 -2-

X (c) 2 -4

(d) Greater than 4



C..

@ ——

5. Filtcrs

. . . L . , R .
{ixing: Mcan veclocity gradient, G (= E,wuen T=dectention time).

) 10 - 25 )
) 25 - 50 )

)
(C) 50 - 75 )

Design capacity

British Unit

(a) Less than 0.5 MGD

(b) 0.5 -5

(¢) 5-20

(&) Greater than 20

Stirring and/or mixing- devices.

(a) Baffle )
\
'

(bY Paddle

(c) Air

(1) Rate of flow

. N

Not appl ?'L"cabl e

or

or

. oY

or

Metric Uni

t

(a)
X_
(c)
(C))

Less than 0.025 m3/se
0.025 - 0.25
0.25 - 1.0

Grcater‘than 1.0

a. Slow (0.05 to 0.10 gpm/ft2 or 0.002 to 0.004 M/min)

X p, Rapid (approximately 2 gpm/ft2 or 0.08 M/min)

¢. Greater than 2 gpm/ft2 or 0.08 M/min

(2) Filter media

‘X  a.

o’

b.

C.

ssenmte——

Sand
Multi-media

Other



o I e
(3) WYydraulic mean size (10% by weight on sieve analysis)
a. 0.2 mm

X b, 0.6 mm

c. 1.0 mm

(%) Depth of media

British Unit - Metric Unit
___a. Less than 40 inches 'or. " X a. Less than 160 em
b, 40 - 50 | or b. 100 -.125
‘q. Greater than 50 . or | ¢. Greater than 125

(5) Controls for backwash

a. Mechanical or hydraulic
X b. Simplified or operator conprolicd
(6) Direction of flow through filter

.—'0»‘
&e Up’w-..;u‘

X p. Down flow

¢. Both

(7) Coatrol of Filtration rate
a. Rate controller
x_b. Declining head

c. Siphon head

d. Other (specify) _

6, Disinfection Mcthod

X
= () cl,
(2) Lime
(3) Ultrq;vidlcf
e (&) Ozonce

. (5) other
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PART II: SEWAGE TREMTMEST PROCZSS ~  Kisumu Existing Sewage Treatment

Works

1. Type of Process: Conventional-primary sedimentation, biofilters, humus,

recirculation

2. Please check the appropriate treatment process or processes in the
following which fit the one(s) uscd at your treatment plant.

Primary - Conventional (e.g., settling and discharge)

X (1) ps1
(2) PS2 Primary - Stabilization Pond

X (3) PS3 Sludge - Conventional (e.g., anaerobic digesters)
(4) PS4 ~ludge - Advanced (using commercial filters)
(5) PS5 Sludge - Combined Imhoff

X (6) PS5 Secondary - Standard Filter (e.g., slow-sand or trickling

- filter)
(7) ©PS7 Sccondarf - High Rate Filter (c.g., high rate trickling
filter) . )
(ﬂ) PaR :"-"0")""1’3' - hrtivatoed C'lnz?:{\.
" (9) PS9 Secondary - Extended Aeration (e.g., acrated lagoon, Dutch
ditch) ' .
- (10) PS10 Disinfection (e g., chlorinatioﬁ)
X (11) -~ Irrigation, dilution - Humus tanks and recj.rcula‘l:ion
3. Type of scparate sludge treatment

X (1) Anaerobic
(2) Heated
(3) Vacuum filter

X (4) Acrobic

: (5) Mixing
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4, Sludge disposal

Gt e

X

A

(1) Incineration

@
(3) Others (specify)

Fertilizer

C-6-

5. Design capacity

British Unit

(1) Less than 0.1 MGD
(z) 0.1 -1
N C NP B
() 5 - 10
(5) Greater than 10
6. Type of screeas
x__ (1) Manual

X

-~

—————
X
——
O ——

7. Primary

o)

NNy

(2)

]

(2) Mechanical
(3) For grit recmoval
&)

treatment design
Loading rate in clarifier,

British Unit

a. Less than 750 gpd/ft2
b. 750 - 1600

¢. Greater than 1000

Dentention time (t)
a, Less than 1 hour
b, 1 - 2 hours

¢, More than 2 hours

or
or
or

or

(Q/A)

Metric Unit

. (1) Less than 0.004 m3/scc
(2) 0.004 - 0.05
X (3) 0.05 - 0.25
) 0.25 -0.5°
- (5) Greater than 0.5

|

For grcasc or floating wastes removal

Metric Unit

a. Less than 30 m/day
b, 30 - 40

¢. Greater than 40



8, Sccondary trcatment design

(1)
x

(2)

T

(3)

| |

"or by Acration

]

)

s

Trickling filter

Pritish Unit

a.
b,
c.
d.

c.

1.0 Ib—BOD/YdB/day

0.1 - or
1.0 - 4.5 or
4.5 - 6.0 or
6.0 - 25 or

or

Greater than 25

Sand filter loading

British Unit

a.
b.
Ce.
d.

€.

(W/1)

Less than 50 1b-BOD/acre/day

50 - 100
100 - 250
250 - 500

Creatcr than 500

or

or

or

or

T I

InnN

Activated sludge loading by MLSS (mixed
#80D/3SS)

& ..
b,

C.

1/1 or less  (N/A)

2/1 to 5/1
10/1 to 20/1

British Unit

(/A

a. 0 - 30 1b-BOD/1000 CF

b,

c.

30 - 60
60 - 300

Acration devices

ae

b

c.
d.

Co

Comprecssed air

Brushed

Surface aerator
Paddles

Other

" or

N/A

or

Metric Unit
a. 0.06 - 0.6 Kg—EOD/m3/day
b. 0.6 - 2.6
c. 2.6 - 3.5
d. 3.5~ 15

€. Greater than 15

a. Less than 5.0 g-BOD/mz/day
b, 5 - 10 |
c. 10 - 28

d. 28 -~ 56

e. Greater than 50

liquor suspended solids

Metric Unit
2. 0 - 0.50 Kg-BOD/m’
b. 0.50 - 1.0
c. 1.0 - 5.0




A3

(5) Oxidation pond loading N/A

British Univ ' Hctrié ﬁnit
_____ a. Less than 20 1b-20b/acrefday _____ a. Less than 2.2 g-BOD/mzlday
— b. 20 - 50 - cor b, 2.2 -5.5
___ €. 50 =150 ‘ . oxr ___. €. 5.5-17
____ d. Greater than 150 or __ d. Greater than 17
- (6) Acrated lagoon - N/A
British Unit | | - Metric Unit
___ a. Less than 100 IE-BOD/aére/day a. Less than 10 g—BOD/mZ/day
. b, 100 - 250 ox b, 10 -~ 28
¢, 250 ~ 500 | or c. 28 - 56

[T

d. Greater than 500 . or d. Greater than 56
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PART II: SEWAGE TREATMENT PROCESS -~

Waste stabilization Ponds-Facultative + 2 Maturation

. Kisumu - New Sewage Treatment VWorks

1. Typec of Process:

2. Please check the appropriate trcatment process or processes in the
following which fit the one(s) used at your treatment plent.

(1) PS1 ¥rieary - Conventional (e.g., scttling and discharge)

X (2) PS2 Primary - Stabilizatioa Pond

3) PS3 Sludpe - Conventional (e.g., anacrobic digesters)
b G

____ () rs4 Sludge - Advanced (using'COmmcrcial filters)'

—_ (5) ®s5 Sludge - Combined YIrhoff

. (6) ®p35 Secondaiy - Standard Filter (e.g., slow-saud ox trickling
‘ . filter)

—__ (1 Pps7 Sccondary - Higﬁ Rate Filter (c;g., high rate trickling

filter) . . .
({’,) PSR Secondar s - Aeityatsd Bindea

. X (9) PS9 Sccorndary - Extended Acration (c.g., aerated lagoon, Dutch
ditch) — Maturation (Aerobic) .

(10) PS10 Disinfection (c.g., chlorination)

(11) -- Irrigation, dilution

3. Type of scparatc sludge treatment /A

(1) Anacrobic

(2) Ueated

'(3) Vacuum filter
(4) Aerobic

(5) Mixing

IRRRR



C-6

4, Sludge disposal
(1) Incineration
x__ (2) Fertilizer
(3) Others (specify)

T e~ ——

5. Design capacity

. British Unit | ._ ~ Metric Unit
(1) Less than 0.1 MGD or}. ‘_“_“ (1) Less tnan 0,004 m3/scc
(@) 01-1 | or . (2) 0.004 - 0.05
x_ () 1-5  or __x. (3) 0.05-0.25
)y 5-10 , . or () 0.25 0.5
—__ (5 Greater than 10 or — . (5) CGreater than 0.5

6. Type of scrceas
x {13 Mauunl
— (2) HMechanical
. _X (3) Yor grit removal

(4) TFor grease or floating wastes removal

7. ‘Primary treatment design

© (1) Loading rate in ‘clarifier, (Q/A)

British Unit . -~ Metric Unit'
a. Less than 750 gpd/ft2 or | d. Less than 30 wm/day
. _ b. 750 - 1000 or b, 30 -~ 40
¢. Greater than 1000 - or Lo c. Greater than 40
(2) Dentention time (t) N/A

a., Less than 1 hour
b. 1 - 2 hours

¢. More than 2 hours



)
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8. Sccondary trceatmeat design

(1) Trickling filtcrv' N/A

LT

(2) Sand filter loading N/A
British Unit
a. Less than 50 1b-BOD/acre/day
' b. 50 - 100 or
c. 100 - 250 or
. d. 250 - 500 or .
e. Greater than 500 or
(3) Activated sludge loading by
l\vtf.n’ll’\r-\
PRSIV RN Y] N/A
a. 1/1 or less
b, 2/1 to 5/1
~e. 10/1 to 20/1
or by Aeration -~ N/A
British Unit ‘
a. 0 - 30 1b-EOD/1000 CF  or
b, 30 - 60 “or.
—.__ ¢. €0 - 3060 or
(4) Acration devices

T

BPritish Unit

C.

0.1 - 1.0 1b-FOD/yd>/dsy
1.0 ~ 4.5

4,5 ~ 6.0

6.0 - 25

Crcater than 25

a.
b.
c.
d.

c.

Comprcssed air

Brushed '
Surface aerator
Paddles

Other

[}

r
or
or
or

or

L HLT

NN

MLSS (mixed

|

Metric Unit

" a,

b-
Ce.
d-

c.

A,

0.06 - 0.6 Kg-EOD/m3/day
0.6 - 2.6 '
2.6 - 3.5

3.5 - 15

Greater than 15

Metric Unit

Less than 5.0 g-BOD/mZ/dny

5-10

10 - 28

28 - 56

* Greater than 55

liquor suspended solids

d.

b.

Metric Unit

0 - 0.50 Kg-BOD/m3
0.50 - 1.0
1.0 - 5.0



(5)

BN

(6)

nan

2346

Oxidaticn pond Yoading

British Unit

a. less than 20 1b-EOD/acre/day
b.- 20 - 50 . or
d, Greater than 150 - or .
Acrated lagoon N/A

British Unit

a.-

b.

C.

d.

Less than 100 1b-50D/acre/day
100 -~ 250 ' or

250 - 500 _ or

Crcate; thaan 500 . or

=]

1
1

NN

 Metric Unit

Less than 2.2 g-BOU/mzlday
2.2 - S.S
5.5 - 17

Greateyx than 17

Metric Unit

Less than 10 g-BOD/mzléay
10 - 28
28 - 56

Greater than 56



APPENDIY. D

DATA IDEITIFICATION

“PACTILITY TITLE:

Kisunu Tovm Water Supply and Sevage Treatment Facilities

RESPOHDENT:

. Name: Mr. Joshua 0iro. B.Sc.(Civ. Fng.), M.Sc.. (S.E.), M.I.E.E.

Title: Acting Tovmn Thgineer

Address: Municipality nf Kisumu, Tovm Hall. P.0. Box 105,
Kisumu, Kenye.

OVNERSHIP OF TIE FACTTITY:

Municipality of Kisumu

Owner's Address: Municipality of Kisumu, Tovn Hall,

D O, Pav 105 Kisnmi. Konv-,

p e g —

NAME OF COIRUNITY 7O B% SERVED BY THE FACILITY:

Towvn or*City: _Kisumu Town

State or Province: Nyanza Province

Countiry: Kenya




ApRPuit )l 1)

DATA IDENTIFICATION

FACILITY TITLE:

Nyeri Town Water Supply and Sewage Treatment

Facilities

RESPONDENT: , .
tame: Mr. P.C. Shelat, B.oc., B.E.(Civil)

Pitle: Town Viater Engineer

Address: Provincial Vater Engineer7s office, Nyeri Town,
P.0. Box 1343, Nyeri, Central Province, Kenya.

OWNERSHIP OF THE FACILITY:

Nyeri Municipality:

Ovmer's Address: Nyeri Town, P.0. 3ox 1343, Nyeri,

Central Province, Kenya

—— L et a1 & 3 TV

NAME OF COMMUNITY TO_ BY SERVED BY THE FACILITY:

Town or'City: Nyeri Tovm

State or Province: (entrasl Praovince

Country: Kenya




APPENDIX D

DATA IDENTIFICATION

"PACTILITY TITLE:

Mombasa Tovn Water and Sewage Treatment Facilities

RESPONDENT: .. mMr. P.C. Patel, C.Eng., M.I.C.E. (Sevage)
Name: b. Mr. Peter Ouma (Water Supply)
) Mr. Patel, Principal Assistant Engineer, Design and
Title: Nerel (‘Jl’""}“f‘fﬁ Marhoen 7'4‘3“';(L;'C81 Council

Mr. Ouma, Water Supply Assistant
Address: ’ PPy

¥ For Vlater Supply im
*%Por Sevicrage see below

OVNERSHIP OF THE FACILITY:

Mombasa Municipality

Mombasa Municipal Council

Ovmer's Address:

P 0. Bax 90440, Mombasz, Kenye

NAME OF COMMUNITY TO BE SERVED BY THE FACTLITY:

Town or City: Momhasa. Tovm

State or Province: (nast Pravince

Country: __ _Xenya

%  For Water Supply: Water Development Division, Mombasa Provincial
Headquarters, P.0. Box 82276, Mombasa, Kenya.

¥¥ For Sewerage: Principal Assistant Engineer-Design and Development
Mombasa Municipal Council, P.0. BoX 81861, Mombasa, Kenya.
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"OPERATIGIIAT “ETA:QGEAAC’y:(WL‘Mu)

M b . s - . o - -
Plsase chack the avpropriate catlsgory related 4o the omperaziion of
o [ B . b . -
 the treatment vlent.

1. Type of t“catneﬂt vlant.

(1) Water treatment

__(2) -sewzge treatment

OPZRATOPS
2. Availability of %rained or skilled operators
(1) ZPasy to find

_x__ (2) Difficult to find

d or system Ior evalnating the

3.  BExistence of a standsa :
gualifications of operiters

4. Short courses or other training prograns for operators avarlail:
¥ - (1) Yes
(2) Yo

5. .- Reason for leaving employment at the treatmen* planig

x . (1) Better job

(2) Discharged

X (3) Others (specify)gome may choose to leave the work if |
‘they abscond work and they are to be disciplined for it.

6. = Average ame of operaters

(1) Less than 20 years old
* . (2) 20-30

L (35 30-10 o

| (4) Older than 40



ot

CHE
8.

U, S

P A

N

(4)

CALS

Locatvoa (dlaLuJC°> for obtainin

(1)

(2)

(3) Out;ofmcountry frmqﬂrikﬁn

Avéi
(1)
(2)
{(3)

N/

(4)

Good

Exce]lsnt

chal

In-country

lability of chemicals’

Basy %o obtain 1ocu11y

Difficult *o obtain 1oca11y
Basy to on+ﬂww noN-— 1nﬂa 1y

Difficult to obtain non—locally

rumnuxx,mem BTC.

10

Causés

(1)
(2)
(3)
Time
(1)
(2)
(3)

Operator error
Product failure
Otheru (3pﬁcwfv)

interval for reple
Tno often as cempapéd t
Not as often as comp
Routine replagement

Soda ash from Lake La"adl

of machinery breakdown

he exnnct

)
t
g}
o
-t
o
t
=
w -
(‘)
~
"d
4]
’)
C
a
AN
i_l

: chemicals

(chlorine gas) India (Alum)

Tack of spare parts.

cement of machinery or parts

1--9 of the item

Delivery time oI ordexed parts

(1)
(2)

l.ess

than 1 week

Rotween 1 and

oo v Vo
4 W nS

(5) More than ono YyCar

" If ordercd from
abroad, and gometin

~



14,

D e ———

Parts replaced are usually
(1) ordered specially

(2)
(3)

Off the

Other (spocifly)

chelf (common paris)

W rey s o

.Repair of machinery

(1)

Repaired locally
(2) Repzired in-country
(3) Repaired out-of-country

-(4)

OPERATIONAT, PATTURE ( TECHNTCAL)

15,

, .

O e———————

16.

R

17.

[

- (3)

(3)

Characteristic of raw water causing difficulty

(1) Turbidity

poa Al.aé

(2) Mg . Floating
(3) oOther (ecpecify)in the

=
-2
k)

Ho repair, replaced by new one

lands cause difficulty

coazulation process

in treatment

sevaga

Operational failure due to.the following

(1)
(2)

Storage

Pumps

Lack of water

bursts in the distribution

(4) oOther (épecify)

Under-designed
(2) Improper design
Adequate design

(4)
(5)

Over .loadaing

" Failure due to the designed process

(1)

Other (specify) Fo failure due to the design




SUFERVI3CRY SOUTROT

PROBLEMS HO

18 Inspection of'plant
:;&;__ (1) Regular inspection
| X a. Local
. b. Regicnal
__ c. National
d. Other (specify) : - ‘ “water
| sevags
(2) Acfivelsuperviéion at the plant
'(3)\ Othef (specify) - o o ' water
o o SéVdgC

Iaberatory locatien ,

(1)
(2)
()
(4)
(5)

At plant_
Regional
C en.ﬁraf
Mobile

Non~existant

7 SOLVED BY PRESENT FACTLILY

20.

x

21. -

I

Technical protlems of effluent

(1)
(2)
(3)
(4)
(5)

- Mone

(1)
(2)
(3)

Odor of \-}ater " grom sewage treatment plant

Taste of water . - : :
['ffluent discharged from textile industry

Color of water
0oL 0 colours the water

None
Other (specify) =~ = L ) _ water

tary prodlems in operations
Exireme difficulty in Tinancing
ioGerate difficulty in financing
No difficulty in financirg
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APPEIDIY. E

-~ ’fr ™wn ; .V‘L:(:-“(" l\
OPERATIONAL DATA (SEWAGE) (s
CKISUMU TovN
Please check the appropriate catlegory related to the oneraticn of
- the treatment plant.

1. Type of treatment plant.
(1) Water treatment

ﬂ __x__ (2) sSewage treatment

OPERATGRS
2. Availability of trained or skilled operators

(1) Easy to find

‘X (2) Difficult to find

3. Existence of a standard or system for evaluating the
qualifications of operatlors
X (1) Yes
- (2) No
. 4. Short courses or other training programs for operators availabls

_X " (1) Yes
(2) No

. . ‘ . . ]
5. Reason for leaving employment at the treatment plant

x (1) Better job

(2) Discharged

(3) Others (specify)

6. Averagé age of operétors
(1) ZLess than 20 years old
X (2) 20-30
(3) 30-40

______ (4) cider than 40



Qualify of operators
(1) Mot dependable
(2) Fair

(3) Good

(4) Excellent

CHEMICALS

8.

X
9

Ll il aand

Location (distaunce) for obtaining chemicals
(1) Tocal
(2) In-country

(3) Out-of-country

Avaiiability.of chemicals

(1) Easy to obtain locaily

(2) Difficult to obtain locally
(3) Basy to obtain non-lacally

(4) Difficult to obtain non-locally

" MACHINERY, PARTS, ETC.

10

X

11,

Causes of machinery breakdown
(1) Operator error
(2) Product failure

(3) Others (specify) Lack of spare parts

Pime interval for replacement of machinery or parts
(1) Too often as bompared'to the expected 1ife of the iten
(2) Not as often as compared to the expected 1ife of the item

(3) Routine replacement

Delivery time of ordered parts
(1) ZLess than 1 week
(2)' Between 1 and 4 wecks

(%Y Retween 1 and 6 menths



()
W

a

14'-

|

Parts replaced are ucually
(1) ordecred specialiy
(2) Off the shelf (common parts)

(3) Other (specify) ' | vater

sewage

Repair of machinery

(1) Repaired locally

(2) Repaired in-country

(3) Repaired out-of-country

(4) No repair, replaced by new one

OPERATIONAT, FAILURE (TECHNICAL)

ik

16.

)

|
|

7.

N

Characteristic of raw water causing difficulty in'treatmeﬁt.
(1) Turbidity

(2) Algae

(%) Othor (epecifv) | vatoer

\ b . ’
Floating islands cause AlIllcully
in the coagulation process seviage

Operational failure due to the following

‘(1)  Storage

(2) Pumps ° Pump bursts

.(3) Lack of water

(4) Other (specify) : water

sevage

Failure due to the designed process

(1) Under-designed

.(2) Improper désign
(3) Adequate design

4

(4) Over 1oading

(%) Other (specify) | N ' water

No failure due to the design sewags




SUPERVISORY COHTROT

18

X

Inspection of plant
I

(1) Regular inspection

X a, Local-
" b. Regional
_____c. National
4. otner (cpecify) water
| _sewage
(2) Acti&e supervision ai the plant

(3)

Other (specify) ' ' water

sewage

Laboratlory location

(1)
(2)
(3)
(4)
(5)

At plant
Regional
Central
Mobile

Non-existant

PROBLEMS NOT SQLVED BY PRESENT PACILITY

20.

X

|

21.

|

Technical protlems of effluent

(1)
(2)
(3)
(4)

(5)

Odor of water From sewage treatment plant

Taste of water : :
Effluent discharged from textile

Color of water
oLor o industry colours the water

None
Other (specify) . ' watexr

Monetary problems in eperations

(1)
(2)
(%)

Bxtreme difficulty in financing
Moderate difficulty in financing
No difficulty in financing '



22. Operoticonal cost and cupacity
(1) Capacity in million gallon/day or in ms/day :
2,0, ,,000 | Gallons
Liiount Unit
(2) Total annual operationél cost
3,752.557.15 . Kenya shillings
fmounlt . Unit
(3) Annual operational cost for personnel (payroll)
Amount _ ' Currency unit
23.  Administrative problems
b (1) Personnel
(2) Managerial
____ (3) Supervisory
x

(4) Operators Tack of qualified operators
(5) None
(6) Others (specify)

b
£
c*
(¢
'..

~

L 7~
0
()
-<" 0
£3

cq
(9]

S
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ROTRAII
P A QU _;.4;

- - me ey (e AmTe
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TYERL TO.W

(1) Water treatment

- S
(2) Sewage treatment
OPERATCRS

—

|

-\

Existence of a standard or sysism for evaluating the

Availahility of traired or skilisd cperatonrs
(1) Eazy to find
(2) Difficult to find

qualificavions of operators
(1) Yes
(2) No

Short courses or other training programs for operatbps avail

(1) fes'

(2) YNo

-

Reason for leaving emplo,u nt at the treatment plant

(1) Better job

(2) Discharged

(3) Others (speeify)

Average age of operators

(1) Less than 20 years old

(2)  20-30

(3) 30-40

(4) 0Older than 40

. -

~ -
Thna



7.  Qualify cf bpcrétors‘
(1) Mot dopendatle

. (2) Feir

~(3) Coo

(4) Zxcellent

CHEHICAILS
8. Location (distance) for obtzining chemicals

% " (1) TLocal
(2) In-country

(3) Out-cf-country
o, Availability of chemicals

x (1) Easy to obtain locally

(2) Difficult to obtain locally

(3) ZTLaoy Yo olhiain non-locally

o—u:\’-.—. e
(4) Difficuli to obtain non-locally
MACHINERY, PARTS, ETC.
.10 Causes of machinexry breakdowvn

(1) operator error

(2) Product failure

x (3) oOthers (specily) ncimal wear and tear
11.  Time interval for replacemznt of machinery oz parts
_ (1) Too often as compzred to *he e recied 11 .of the ituan
x (2) Not as often as corpargd to tnn« xpecved life of the i
x (3) Routine replacement
. N "; ".-~ ‘ .
i2, Delivery time of orae**d parts

(1) Leuu than 1 week

« (2) Between 1 and 4 weeks

ode

by
My
* N



A

Pzrts replaced zxe usually

(1) ordered zpscizlly

- /

(2) O0ff the ehelf (common parts)

(3) Repaired cut-of-couniry
. .o this involves some parts
(4) Yo repair, replaced Ly new one e,g, bearingS,saskets,
) cupleathers, ets,

OPERATTO, AL, FAILURE (TRCHMICAT)

‘15,

|

£

16..

B

an

Characieristic of raw water causing difficulty in treatment
(1) Turbidity
(2) tlgae

(3) Other (specify) _No feilure  vater

sevage

Operational failure due to the folleving

(1) Storage

(2) Pumps ™

(3) Iack of.water:

(4) Other (specify) No failure water
' seviage

Failure due to the designed process

(1) Under-dcsigned.

"(2) Improper design

(3) Adequate design

'(4) Over-loading

(5) Other (specify) ro failu . wvater

w
@
H

1 Y4
[
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(1) Regular inspection

X b. Regicnal

sewa s

(2) Active supervision at the plazt
not active at the time
Fied

e
(3) Other (specify) of lack of a qualifie

of research begausec
}”‘“‘"Oh whe a3 1;\,::&'&;.:1\

i
.. not availaole at Tnal

Tiine,
sewars

SU“ [TSO0 CONTROL
18 nspection of plant
X a. Local
X
| X
1.  Taboratory lgdation_
x (lj At plant
(2) Regional
x (3). Centrai‘
__(4) TMobile

(5) Non—existaht

PROBLE 1S 10T SOLVED BY PRESENT FAGILITY

..Teqhnical.problems of_effluent

(1) Oder of water
(2) Taste of water
(%) Color of water
(4) NXNone ‘

(5) Othef (specify) no physical or cherical problens ' water

Monetary problems in operations

(1) Extreme difficulty in firancing
(2) HModerate difiiculty in ¢1nrpcﬁrg

(3) No dlfflculty in financing



NYER Tewn 2T

ational cost and capaciiy

22, Opex
(1) Capacity in millicn gallon/day or in »’/day
0,65 millien .. .Callons
Lrount Unit
*(2) . Total annual operational cost
150,000 . Kenya shillines.
o Acounty Curyeney iniv
(3) Anaual cperational cost for personnel (payroll)
. - 60,000 ' Kenya shillings
Amount ' . Currency unit
23, Aduinistrative problems
(1) Personnel
. (2) Managerial
‘ (3) Supervisory
. (4) Operators
’ I/ r\ L S UV
x \// FARVEI YR
' (6) Others (specify) . ' (water)




APPENDIZL E

OPERATIONAL DATA (SEWAGE) (RMIEXX

: ‘ "NYERI TOWH
PTease check the appropriate catzgory relatzd te-the operaticn of
the treatment plant.’ '

1. - . Type of treatment plant.

(i)‘ Water treatment

__X' (2) Sewage treatment
- 'OPERATORS
2.  Availebility of trained or skilled operators

(1) Easy to find

St aons it

X (2) Difficult to find

PExistence of a standard or system for evaiuating the

Y
qualifications of operators
(1) Yes
- X (2) No
4. Short courses orrothér training programs for operaiors available
X (1) Yes
. (2) Xo
5. Reason for leaving émplbyment at the treztment plani
(1) Better job

(2) Discharged |
X (3) Others (specify) people tend to stay on the job

6. Aveiage age of operators

(1) - Less than 20 years old

X  (2) 20-30

(3) 3C-40
X (4) Older than 40 Many people are older than 40




-3

Qualify of operators

(1) ot dependable
____(2) Fair
(3) Good
b (4) 'Excellent
CHEI‘U(‘ ALS
" 8. Location (dlstancc) for obtalnlng chemlcals
X (1) Local
. (2) In-country
() out-of-country
9. Availability of.ohemicais
p (i) Basy to obtain locally

(2) Difficult to obtain locally.
(3) EaSJ %o obtain non—locally
(4) leflcult to obtain non—loca]ly

MACHINERY, PARTS, FIC.

10

12.

Causes of machinery breakdown

(1) Operator error
(2) Product fallure

(3) Others (spec1fy) ' Normal wear and tear

Time interval for renlaccment oP'machivéry or parts

(1) Too often as compared to the expected 1ife of the item

9(2) Not as often as compared to the e\pbcted 1ife of thc.iter

(3) Routine replacement

Delivery time of orderad parts

(1) Less than 1 week

(2) Between 1 and 4 weeks

(3) Retween 1 and 6 monihs



13. Parts replaced are uwsually

x (1) ordered specially

X .(2) Off the shelf (common parts)
. (3) other (specify) _ ' ' watar
| | sewage
14, Repair of machinery
(1) 'Repaired 1ocaily-
X (2) Repaifed in-country
| (3) Repaired cut-of-country
Parts
X (4) No repair,/replaced by new one
are bearings and dbroken parts
OPERATIONAT, FATLURE (TRCHNICAL)
15. Charactleristic of raw water causing diffiCuify in treatment
(1) Turbvidity
—_(2) Algae
'~“_~_ (3) Ofner (specify e water
N/A no failure sewage

16. . Operational failure dug to the following
(1) Storage

X (2) Pumps * Pumps break down A _ .
Lack of proper maintenance due to unskilled
*_ (3) Lack of water J poup may bring about operz'tional failure

(4) Other (specify) water

|

seviage

FPailure due té the.designed process
(1) Under—designed
(2) Improper design
-(3) Adequate design

(4) Over loading

e

-(5) Other (specify) : water

sewage
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SUPERVIZHRY CONTROL

18

. S

|

Sa——————r

Inspection of'plaﬁt

20.

(1) Regular inspection
P a. iocql . for mechanical problems
b, Regional
_%x__ c Na’cio.na-l.~ fof efficiency
. d. Other (specify)
(2) Active supervision at the plant
(3) Other (specify) ’
Latoratory location
(1) At plaﬁt
(2) Regional
(5} Ceniral
(4) Mobile
{5) Non-existant
EROBLEQS NOT SOLVED BY PRESE&T FACILITY
Technical proﬁlams of effluent -
(1) Odor of water | .
(2) Taste of water
(3) Color of water
(4) None
(5) Other (specify) :
S " . Dissolved oxygen is too low and
too

" 'Piological oxygen. Demand is

Monetary prcblems in operations

(1)
(2)
(3)

Extreme difficulty in financing
Moderate difficulty in financing
No difficulty in financing



22,

NYGERI TOWIN &V

Operational cost and capacity

(1) Capacity in million gallon/day or in m3/day

Amount Unit
'(2) Total annual operational cost
8,000 Kenva_£
Amount Un;t

(3) Annual operational cost for personnel (payroll)

2,000

Kenya £

110

(2)
(3)
(4)

l-\
1
-’

Aniount

Personnel
Managerial
Supervisory
Operators
None

Others (specify)

Cuxrrency unit

Administrative problems

(1)

(water)

Lack of technically oualified (sevage)

supervision.



OPERATORS

s et et titie e

2.'

Lvailzbility of tra14ed or SL__led

Q qm.- -
Sewag

(i) Easy’

PERATIC

.60

APCZNDIY B

TATY

u.-.a s

Tav,

1=val

' . ' ™~
i JC.J ..;.IE:}}

MOMEASA oY (TSTAND)

to find

.. v - py
a 4ragtnent

(2) Difficuit to find

Existence

Yes

(1)

(2) Mo

Short coursss or other tralnlnv prograns for oppratﬂLs a

(1) Yes
(2)1 No |

(z) Disc harged _They may be discharged for disciplinary reasons

(3);}Others (spe

Averége'agn

(1)

(2) 20-3
(3) 30-4
(4) ©

check the avprovriatz caiegory
- .y
& Ui Nvu.
- £* Lepy EN ~ l P N
Type of ircatment pianv,
r 2.. -
(1) WVater trzaimsnit

rela

ct
(]

of 2 standard or system for evaluating the
gualifications of operators

0

o

(1) Better job

if“) They may be transferred to other places

of cperators

gs than 20 yezars cld

25-40

1dze than 40

Reason for leavinz erployment a

val

ia

T

4
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- (1) Not depe;‘;fle
(2) Fair

(3) Goocd

{4) Excellent

(distance) for Obtqlni ng ekeqicals

(1) Local.
(2) In-country
01§itéof—coun‘qry ‘ boda ash is available locally '

Availability of chemicals

(1) Easy to obtain locally

(2) . Dif fficult %0 obtaln locally

(5) Sasy to ubiain lon-locally

(4) Difficult o obtain non-locally

1

MACHINERY, PARTS, EIC.

10

11,

Causes of machlnery breakdown '
(1) oOperator errpp‘
(2) Product failﬁré
(3)

Others (specify) Gereral wear and tear

Time interval for replacement o clvinery oxr partc

(1) Tao often as co mpa red to the expscted life of the itom

Y

(2) Nor as often as compared to the expected life of the itr
(3) Routine replacement

Delivery time of oxdered parts

(1) TLesgs than 1 week

Hatween 1 and 4 weekz

(2)



.l - 1
g et renlaccsd are usikally

=1
!
.
S
m

2

~ NS
3 N !

ordered gpecially

0L the shelf (cemmon paris)
: : Somez suppliers have good supply of spare

x p) Other'(sliécify) paris but some have to be ordered vater
) svecially
sewage
14, Repair of nacninecy
5 (1) Repzirzd locally
(2) Repaired in-couniry

(3) Repaired out~bf—coUnﬁrj'
(4) Yo repair, replapad'by new one’

) . ' - ) ; -
CPERATIONAT FATTLURE (TECHNICAL)

15, Characteristic of raw viater causing difficulty in treatment

x (1) Turbidity

(2); Algee

(3 .Othcr_(sPecify)__ water
“ | | ‘seviage

16. "'Operational failurc;due to tﬁe’fo;lowing

(1) storage |

.__J;_;’(Z) Pumps '

R ) Lack of vater

_____ (4) other (specify) ' " water

- ' | . sewage

7. Failure due to the désiéned process

Cx () Underfdeéigned

~__;_ '(2) Improper design

— -(3 Adequéte'design

o (4) ngr-loéding

— (5) Other (specify) o wator




RN

X (2) -Regional

LA NPT AL P [ATAANA |

SU??KVIFQRY CONTIRaL
A,18 Ingpecticn of plans
5 - (1) Regular inspecticn
x a. Loca
~ b. Regional
c. National
i d. Other (specify)
.1 (2) Active supervision at the plant
~ (3) Other (specify) o |

19. Iaboratory location ,

_x (1) At plant:

AR Y . ~ : -
\~//] vTituiad
(4) Mobile

(5) ‘Non-existant .

PRORLENS NOT SOLVED BY PRESENT FACTLITY

20, Technical protlems of effluent

-

(1) " Odor of water
(2) Taste of water

x (3) Color of water Water from Mrere Spring has

the rairy season.

(4) None

) (5) Other (specify)

.21.)-  Monetary prodvlems in operations
(1) ZExtreme difficulty in financing

+_ (3) Wo difficulty in financing

(2) WModerate difficulty in firancing

Cherical and bacteriolezical analysis are done by the
Géneral Superintendance Company in Mombasa town,

I SPT
wager

SCW.

[

¢

¥
)

\
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22,7  Operaticnal cosg’ and capaeity

(1) Capacity in million gallon/day or in m3/day

x 5 =7 million N Gallons
. fmount i o Unit
.{2) Total ennual operaticnal cost
662,300 . Kenya pound
Lrount Currzn.y Unit
(3) Arnual operatioral cost for personnel (payroll)
K.shs, 600,000 _ : Kenya shillings
Amounv ' S . Currency unit
23, Administrative problems o ,

A . .  Versonrel relations with people working in the field
X (1) Personnel are not very cordial.- For excmple parsonnel are not
‘ willing to pay field workers 'who wani nightese.ses

(2) Managerial | : . ‘
_ : : There is shoriaze of qualified
X (3) Supervisory = supervisory staff

(4)' Operators

(5) " Yone

~. " '(6) Others (specify) _ | ~ {water)

_ eesssse 2llowance, . Also personnel gre not willing
- 1o promote thosze who show that they dessxrve
promotion, o ’ Cn
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APPENDIX E

OPERATIONAL DATA (SEWAGE) Tt %)
MOMBASA ISTLAND (MOMBASA TOVI)

Please check the appropriate category related to the operation of
the treaiment plant. '

1. Type of treatmenf plant.

(1) WVater treatment

: aoe . Preliminary
X (2) Sewage treatment (partial)
OPERATORS
2. Availability of trained or skilled operators
(1) Easy to find
x__ (2) Difficult to find
3. Existence of a standard or system for evaluating the

oualifications of operators

X (1) Yes
(2) Y¥o

4. Short courses or other training programs for operators available
) g per

o (1) Yes

e (2) Mo
5. Reason for leaving‘employment_at,the treatment plant
_ (1) Better job
(2) Discharged .
. - The people do-not move vVery freely
X (%) Others (specify) because they are used to the type of work

and cannot get a better suitable job '
elsewvhere

6. Average age of operators

(1) Iess than 20 years old
(2) 20-30

x_ (3) 30-40

(4) Older than 40




| . 5%0MB§5A Tol/ N Qéé
7.  Qualify of operators

(1) Not dependable
(2) Fair
(3) Good

(4) Excellent
CHEMICATLS

. 8. Location (distance) for obtaining chemicals

(1) Local
(2) In-country

(3) Out-of-country
' N/A: No need for chemicals
Availability of chemicals

‘(1) ‘Fasy to obtain locally
(2) Difficult to obtain locally

N

" (3) Easy to obtain non-locally

B —

AN Ty':'P'f'-')nn't-t +n
N v . . er—-

. N/A
MACHI T RV PARTS, ETC.

_ 10" -Causes of machinery breakdown
___ (1) oOperator® error

(2) Product failure

X (3) Others (specify) General wear and tear
11, pime interval for replacement of machlnery or parls

(1) Too often 28 compared to the expected life of the it

(2) Not as often as compared to the expected life of +ne item

x . (3)° Rout;ne replacement
12, Delivery time of ordcred parvs

(1) Less then 1 week
(2) .Between'1 and 4 veeks

(3) Between 1 and 6 months
X (4) Petween & mortha and a vear

(5) More than one year
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13, Parts replaced are usually

X (l) ordered specially

(2) Off the shelf (ccmmon parts)

water

(3) Other (3pecify)

seviage

.14... Repair of maéhinery

x (1) Repaired locally

“(2) Repaired in-country
(3) Repaired cut-of-country

(4) Yo répair, replaced by new one
OPERATTONAT, FATTLURE (TECHNICAL)

15. Characteristicfof raw water causing difficulty in treatment

(1) Turbidity °

(2). flgae
(%Y Other (specify) water
- N/A S sevage

16. . Operational failure dye to the following
(1) sStorage
(2) . Pumps

(3)  Lack of water

X (4) Other (specify) : vater

< . " Operational failure is a very sewags
rare thing '
17. Fajlure due to the designed process

(1) Under-designed

e (2) Improper design

— . (3) Adequate design

—_ (4) over loading

— X _ (5) Other (Specify) water

Treatment up to date is runniung
satisfactorily to the maximum loaGewage

design. There is a nced for extenszion



MOMBRSA Tewn  ADS

1

SUPERVISORY CONTROL

18

X

»

Lk

(1) At plani

Inspection of pldnt
(1) Regular inspection

X a. Local

b. Regional

¢. National

i

d. Other (specify) ~ water

sevage

(2) Active supervision at the plant

Py
4]

k2l

(3) Other (specify) wa

sawage

Laboratory location

The sample tests for effluent are being done
(2) Regional by commercial chemists in town (General
Superintendance)

(3) Central
(4) Mobile

(5) Non-existant

PROBLEM3 NOT SOLVED BY PRESENT FACTLITY

20.

I

i iy
—
.

Technical protlems of effluent

(1) oOdor of water
(2) Taste of water
(3) Color of water

(4) None
(%) Other {specify) waier
~There is a tendency to use sand to wasn the SSWELS
, dishes which TaKES Un€ SEVAge Septic GEIore 1L reacnes
Monetary problems in cperations treatment plant

(1) BExtreme difficulty in financing
(2) Moderate difficulty in financing

(3) No difficulty in financing There is a sewerage levy for
_ the facility provided which makes the operation self-
supporting.
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M onmnsq Tow N

22. Ogeram;onal co,t and (una01ty
(1) Cana01uy in million gallon/duy or in w’/dav
% 1 million per day . Gallons
Anount S ' Univ
(2) Total annual opérational cost _ _
x 400,000 | Kenya shillings
Amount | Uniw
(3) Annual operational cost for persennel (oayroll)
x ___ 260,000 - '~ Xenya shillings
Amount nul“nncy unit
23, Administrative problems
X (1) Personnel )
- ‘ There is 1ack of suitable people to
(2) Managerial ) do the job in these sections,
- particularly sanitary engineering.
p'e

(3) Supervisory)
(4) Operators .

(5) None

(6) Others (Specify) ‘ _ (water)

(sewage)




Water treatment

PACTLITY CONSTRUCTION €T ST DATA &KQQ%‘fVLTLR)
KISy 70w
+ +ne follewing reizied To the construction cost of ihe
tnere ‘are rors than olc faeility irnvolved, please fill
~maire FOR EACH
of the trediment: check v neth:“ it is waler or
e trzatment,

conventional - coagulation, sedimentation,

mype of Process filtration, disinfection

Se vaﬂa ir
Type coi

(1)
(2)'

(3)

Percent of total cos
(1)
(2)

(3)

(4) 
('5).'
(6).

Year the pldnt w2,

Construction cost ;n‘bs.s

t'flen v
the prOCQQ°

s built 1948 - 1950

Popu1atwon quVcd by the’ p¢an; 7o<mo

P Y e

ocr construction cost in your country currency
6,613,312 Kenya shillin
Amount Cuxrcency

(1nclud.1ng all phases) First phase cost K'. £41,4'{4
4 for labor N

Less fhan 10% |

07f-25% |

2555-50%

505%-75%

75%~90%

Greater than 90%



|

Kisemu Tewn &1

"y
—

?ercent of 1otal cost Tor wmateris
(1) Less than'IC%

(2) 109255

(3) 25 _
(4) 505-75%
(5) 75§~90%

(6) Greater than 967

Percenu of totaW cost ;or'cng_reerl g Tee

(1) Iess than 2% |

(2) 2%-4%

(3) - 45-6%

(4) 64-10%

(5) Greater than 10%

Percont of the docl louor coct opont fox glkiltled labox

(3) 5 N“/SP

(4) Greater=than 5%

Approximate daily wage for uﬂsk111ed lakor in your couin
currency

11 20 ' Kenva shillinzs
“Kmourt y _ - ecurrency unit

."y' )

or, 1f avai 1°o]e please check tne category. of US § equivalen

shovin below

(l) fLess tLan Ql/daj
(2) $1-33/day
(3) $3-4%5/day’
(4) $4-3%10/day

(5) $10-815/day

(6) More than $15/day



L of the total cost spent for material, what
matexrial was fou.nd 1n~country‘7

lKagu mu Tewn

Approvimete daily wage Tor skilled debor in your count
hu‘r-7~’\\‘o\/‘
— 52.00 Yenya shillinzs .
AUGUT T ~ - T Currency unit

or, if available, pledze c¢heck the category sf US dollax
eguivalent shovn beclow -

(1) Less than US SZ/&ay
(2) $2-35/d2zy - 4

(3) $£5-810/day

(4) $10-515/day

o
o

20
N
,.

(5) $15-§20/dzey

(6) HMore than q20/day

V.L‘L of

di
'v

(1) Tess thqn ]O
(2) 107-25%

(3) 25%-50%
(4).‘50%~75%

(5) 759%-100%



XT5
,_ appENDIX T
FACILITY CONSTRUCTION COST DATA ( SEWAGE) ENETRRX
| KISUMU_TOWN |

Please answer tne following related to the construction cost of the
project. If there arg more tnan cne facility involved, please fill
in ONE questionnaire TOR EACH

1. Type of the treatment: check whether it is water or
: sewage treatment.. .

©. Water itreatment

Type of Process .=
X __ Sevage treatment
Type of the process

Conventiohal, Biological treatment .

1948-1950

O~ T —————————————ey

© 2.0 (1) Year the plant vas built
(2) Popuiation served by the plant

(3) Construction cost in‘Us;$

or construction cost in your country currency

Amount ' -~ Currency

3. percent of total cost Lor 1abor

(1) Less than 10%
x _ (2) 10%-25&;5'
_(3) 25%-50%
_(4) 508-T75%
N ¢ 75%-90%

(6) - Greater than 90%




‘ >

|1

i

a

-3

SR

Percent of totz)l cost for material

(1)
(2)
(3)
(4)

(5)

(6)

Percent of total cost for engineering fee

Ktse Mo Toww

Less than 10%
105-25%
25%-53%
505-75%
75¢-90%

Greater than 90%

(1) Less than 2%
(2) 2%-4%
(3) 4%-6%
(4) 6%-10%
(5) Greater fh@nAlo%
percent of the tetal labor gost cpent for ghilled lebar
(1) . Less than 25%
(2) 25%-50%
(3) 50%-75%
" (4) Greater than 75%
"Approximate daily vage fof uhékillg@ labor in your country's
currency .
| 11.20 - ' )  Kenya'shi11ings
Amount _currency unit

or, if available, please check the category of US § equivalznt

|
“|

a

shown below

(1)
(2)
(3)
(4)
(5)
(6)

Less than $1/day
81-53/day ‘
$3-95/day

- $4-810/day
$10~-815/day

Hore than $15/day
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Lsume TewN 275

Approximate daily wage foxr skilled labor in your counir;'n

currcncy .
32.00 - Kenya shillings

Afoult Currsncy unit

or, if available, please check the category of 10 deilar

equivalent shovmn below .
(1) Less than US $2/day

(2) $£2-$5/day .$4.00

(3) $5-910/day

(4) $10-£15/day

(5) $15-$20/day

(6) More than $20/day

0f the total cost spent for mzierial, what percent of
material was found in-country?

(1) Iess than 10%
(2) 109%-25% |

s oes S =t [y x4
(D) Eopbie

(4) - 507%-75%

(5) 75%-100%



(1) Year the plant was built 1259

i) AY

FASILITY CONSTRUCTION /0T DATA KTTXASRN (\l ATSR

answer the following related to the construciion cost of ine
£ there =zre more irna2n one facility 1nvolvea, plsasa Till
a

Type of the treatment: check whe Aher it is water or
sevinge traatne ' ’ S

hatpr treatmant ‘ ' )
full treatment ~ coagulation, sedimentation,

fype of Process _filtrotion,-sierilization
Sewage trealment ’
Tipe of the process

f(2)ﬁ Populaulon served bJ the’ pJanu 1:93

(%)  Constriction cost in US.& -~ -

or construction cost in your country currency

122,955 " Xenya pounds
Amount , Currency

Percent of total cost for labor

(1) ZLess than 10%

(2) 208%-25%

(3) 25%-50%  30% (K.£36,886.50)

(4)  507-15%

(5) 75%-90%

(6) ‘Greater than 90%‘
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TOow N

Percent of total cost for matcrial

(1)
(2)
(3)
(4)

(5).
{6)

‘Percen% of total coct for enginzering feoe

(2)
(3)

(4)

(5)

han 10%

509-75%  65% (K.£79, 20.75)

. ’ !
Grester than 0%

-

Less than 2%
2% 4%
49%-6

695-1.0%

[

5% (Ko £6,147.75)

Greater than 10%

Torcons of iuc wodal Inber coct spent for o
(1) Iess than 25%  20% (Ke £ 7,377.30)
(2) 25%-505%

(3) "50%-15%

-

‘r\;‘ i B SRNEY
[ ._‘-- —_—

o hh s me

Pt e s,

(4) Greater than T5%

Approx1mate dally wace for unsklllcd labor in your country'u;

l'currency

‘(l)"Less
- (2) $1-8
$

wn

l’nrva s,hj 1linss

Amour'

cur’*enc unis

or, if available, ‘please check the cate gory of.US & equivalan-

shown below

(3)
(4) $4-510/cay

" (5) $%10-%515/day

(6) More than Vlﬁ/dﬂv
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0f the total-cost
material was found in~country?

NYERL “Tow rt
hpproxinate daily wege for
cULrency

15 .00

Arount

27%

skilled labor in your Couatmyt:

Xenva shillin~s
Currancy anitw

or, if avuiTablc, pl”be cneck the cauegorJ of U3 dnllax

thl"¢lcqu shavn below
(2)
(2) §2-%5/day . $2
(3)
(4) $1r-$157dfy'

(5) §15-$20/day

(6) Mors than $20/day

(1) Less than 10%
(2) 1orh e

(3) 25¢-50%

(4) 50%-75%

(5) 15%—1009

spent for mazterial,

what percent of



MOHBASA TOWT  (MONBASA ISLAWD) ~

Plezse ensvior the folleowing related to the construciion cost of e
ps roject, IL thzre are mors than one faciliiy nv0¢v9d plezse Till
in ONE q"esblonn“are »oR BACH ' : :

1. ' ijne of the +tredimont: ch°CA dh°ther it is waier or

o A :
sewage roatusny,

Type of -I;:r ocess chlorination only
Sewage treatment |
. Type of the proc
2. (1) Year the plant vas built 1955-1956
P . 200,000 (17, 000 connections
(2)._Popu¢aulon cd by the plant Jultnnnc.-XLL

(3) Construction cost in US.§

or construction cost in your cowniry currency’

6,000,000 " . _Kenya pounis
TAmount , ‘ Currency

3,  .Percent of total cost for 1abor
N ¢ Y Less tgan 10p |
—(2) _10p-25‘

Jx 0 (3) 25%-50%

, (4) 50%-75%
S (5) 75%-90%

(6) ,Grea+er than 90%



[, SRS

|

(4) 505755
(5) 75%-90%

(6) GCrester than 90%

Percent of tota 1.00ut for nngwn ox

(1) Less than 2%
(2) 27-4%

(3) 45-6%

(4) 65108
'(5) Greater than'lp%

ing fee

k] a~ 4. - L T e S PRRN !
Tereont of the dolael Idbon coot Li.o RN Belal s
Sl D

(1) TLess then 25%
(2) 25%-50%
(3)  508-75%

~ .

(4) Greater than 75%

%

Approximate daily wage for unskilled labor in your couniry' s,
currency . - . '

15.00 ' _Kenva shillines
.Amount , currency unit
or, if available, pleasc check the ca ‘or" of US $ eQ31""?nf

shown b&élow

(1) -Iess than $1/d2y
(2) “§i-33/day $2 -
(3) €3-85/2e2y '

(4) $4-510/day

(5) $106-815/day

(6) More than $15/day



. S emmtem————

Mombnrsa “Tewn
Approxinat: dally wage fo
currency ‘

25-100

Amously

or, it '“ax]ublu, nigase ¢
equivalznt showa below

(1)
(2)
(3).
(4)
(5)
(6)

Of the

(2)
(2)
(3)
(4)
(5)

s2-35/day

wolal .cost
Iess than 10%

107254

o’

gnen

1,

Less than US §2/aay

$3.13

t for mat
matarial was found in-countrv?

nes

Yoxya shillin~s
durrency unit

¥ the category of US doll

erial, what percent of
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APPENDIX F
. PACILITY CONSZRUCTION COST DATA (SEHAGE) (H4REI

. MOMBASA TISTLAUD (MOMBASA TOWN)

wer the following related to the construction cost of the

Please ans : _
facility involved, please fill

project. 1f there are more than oxne
in ONE questionnaire FOR EACH

1. pype of the treatmént: check whether it is water or
sewage~treatment? )

Water_treatment

Pype of Piocess e
; . , o Sereening and then sedimentation of
X Sevage treatment sludge which is only réleased at

fype of the process _ebb tide (partial treatment)

2, (1) Year the plant was built 1963 |

(2) * Population served by the plant __30,000
(73) Construction cost in US.& 7,000,000 (£ 1.000.007)

sy construction cost in your country currency

. Amount Currency

" Percent ofltotal cost fér labor
(1) ZLess than 10%
(2) 10%-25%
¥ . (3) 25%-50% 25% and 30%
(4) 50TSH "
(5) 75%-90%
(6) Greater than 90%

1

1]



|

<

SR T

|
|

l.

-

TH]

MEMBASA Tow N LB
Perceﬁt of total cost for material
(1) Leszs than 10%
(2) 107-25% o

(3) 25%-50% 40% This does not include any mechanical ]
: #=2JP  (about 20%) - this was imperted from overse
(4) 57%-15% |

(5) 75%-90%

(6) Greater than 90%

Peréent of total cost for engineering 1ee
(1) Less than 2% |

(2) 2%-4% |

(3) 45%-6% 6%

{4) 6%-10%

(5) Greater than 10%

Toyoont of the +ofgd labhor foat apen & for oriilded labhop
- P ————

e e A

(1) _Less than 25%
(2) 25%-50%  25%

(3) 50%-15%
' (4) Greater than 75%

Approximate daily wage fdr unskilled labor in your,coﬁnt
currency o '
14.50 Kenya shillings

Amount currency unit

or, if available, please check the category cf US S equi

‘showvn below

(1) Iess than $1/day
(2) $1-$3/day  $2
(3) §3-35/day

(4) $4-§10/day -
(5) $10-15/day ‘
(6) More than $15/day



(oM AR SHK Tewhi LTY
Lpororirmate daily wage for skilled lahor in your country'sz
currency

25.00 ' Kenya shillings

Amou.. T Currency uUmniv

or, if availalble, please check the category of US dellar
equivalent shova below

(1) Less than US §2/day
(2) §2-$5/d2y & 4

(3) $5-£10/day

(4) $1)-$15/day
(5) $#15-$20/day
(6) -More than §20/day

0f the total cost spent fer mzierial, what percent of
material was found in-country? =

(1) Less than 10%
(2) 10%-25%

(D) 2050

(4) - 50%-75%  65%. This includes ballast, sand, cement
(5) 7564-100% reinforcement, p.c.c. pipes, timber.
. ohe 7 ‘
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APPEHDIX G

o5 nf Sccondary Schools by District

District Government |Gevernment Unazided [Unazidcod [Unaidaed {fotal
taintained |Aczistad Harambtee 1IChureh Privaie

Taita Taveta 8 - 11 - - 19
Kilifi 5 - 8 - - 13
Tana ERiver 2 - - - - 2
Lamu 1l - 1 - - 2
Kwale 3 - 4 1 - 8
ombasa 6 3 - 2. 11 22
Coast Prov.

Total 25 3 24 3 11 66
Kiambu 30 2 39 l - 6 72
Nyandarua 7 2 7 - 2 18
Hyeri 21 - 46 7 6 80
Kirinyage. 11 3 21 "2 3 40
Murang'a 24 2 6> 8 - 97
Thika :

Mvniciral 4 - - -~ z S
Central Frov

Total 97 Q 176 1€ 19 219
limohilios ”5 - A5 1 21 110
Kitui 7 5 15 ¢ 1 o
Embu 11 2 6 - - 19
Meru 20 .0 45 1 2 71
Marsabit 1 - 1 - - 2
Isioic 2 - - 1 - 3
|EFastern Prov : :

Total 66 10 128 5 24 233
Nairobi 25 4 4 5 22 60
Nairovl rrovi .

Total 25 4 4 5 22 60
Nakuru- 10 1 3 2 8 60
Kericho 12 - 19 1 - 32
Nandi 6 1 9 1 - 17
Laikipia 2 - 1 - 1 4
Xajiado 3 - - - 1 4
liarok 2 - 2 - - 4
Baringo 5 1 4 - - 10-
mlgsyo

Marakwet 3 1 7 1 - 1.2
Uasin

Gishu 2 1 2 4 - .10
Turkana 1 - - - - 1
Samburu 1 - 1 1 - 3
Prans-Nzoia 2 - 3 1 1 1
West Pokot 2 - 1 - - 3
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Total

District Government |Government Unaided [Unaided |[Unaidcd] Toizd
Maintninaed |Acsisted Harambtee |[Church Privats
Nakuru ‘

Murniicipal 2 - 2 1 4 g
Kitale

Municipal 2 - - 2 1 5
EBldoret

Municipal 3 - 2 1 - 6

ARi1ft Valley
Prov. Total 55 5 57 15 16 187
Kakamega 25 - 58 3 6 g2
Busia 11 1 11 - ~ 25
Bungoma 13 2 35 2 2 54
Western Prov.

Total 49 % 1.04 .5 8 169
Kisumu 8 - 10 1 -~ 19
K 3. sumu ' ’

Municipal 2 - 1 - 2 5
Gusii 15 8 32 2 6 63
SUu vl I:juuda !' 18 s : l ': ':
Siaya 13 1 10 1 - 25
Njanza Prov. '

Total 56 9 75 10 9 159
Garissa 2 - - - - 2
Wa jir - - - - - (?)
Maridera 1 - - - - 1
North .

Bastern

Prov. 3 - - - - 3.

L
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