
AGENCY FOR INTEFNATIONAL DEVELOPMENT FOR AID USE ONLY
WASHINGTON. D. C. 20523 R 5

BIBLIOGRAPHIC INPUT SHEET L

. "PRIMARY TEMPORARY
I. tUlJ ECT

r.L ASSI.

FICATION 
. A

2. TITLE AND SUBTITLE

Socio-economic conditions which pertain to cost of construction and operation of

water and sewage treatment facilities and quantity of water consumption in Kenya

3. AUTHOR(S)

Muga,Erasto

4. DOCUMENT DATE S. NUMBER OF PAGES 6. ARC NUMBER

1976 294p. ARC

7. REFERENCE ORGANIZATION NAME AND ADDRESS

Okla.

8. SUPPLEMENTARY NOTES (Sponaoring Otganizationt Publishere, Availability)

9.ABSTRACT (ENGINEERING--HYDRAULICS R&D)

Urban and industrial growth in developing countries has increased the demand

for water and the related need for more information on water and sewage treat-

ment. This project, conducted by the University of Oklahoma, focuses on that

need by developing a global network of adaptive and innovative technologies

based on economic, social, political and cultural factors. A series of detailed

reports have been produced that are designed to assist planners in their selec-

tion of suitable water and wastewater treatment processes appropriate to the

material and manpower resource capabilities of particular countries at particular

times.

"Prediction Methodology for Suitable Water and Wastewater Processes,"

George W. Reid and Richard Discenza.
PN-AAB-491 English
PN-AAD-291 Spanish

"Prediction Methodology for Suitable Water and Wastewater Processes. Supplement I:

Manual Computation Methods," George W. Reid and Richard Discenza.

PN-AAD-292

10. CONTROL NUMBER I1. PRICE OF DOCUMENT

PN-AAD-290

12. DESCRIPTORS 13. PROJECT NUMBER

4. CONTRACT NUMBER

AID/CM/ta-C-73-13 Res.
15. TYPE OF DOCUMENT

AID 590-1 (4-74)



"Prediction Methodology for Suitable Water and Wastewater Processes. Supplement II:

Computer Program," George W. Reid and Richard Discenza.

PN-AAD-293

"Data Requirement," University of Oklahoma Bureau of Water and Environmental

Resources Research.

PN-AAD-295

"A Mathematical Model for Predicting Water Demand, Wastewater Disposal and Cost

of Water and Wastewater, Treatment Systems in Developing Countries," George W.

Reid and Michael I. Muiga.

PN-AAD-294

"Treatment Methods for Water Supplies in Rural Areas of Developing Countries,"

Ir. L. Huisman.
PN-AAD-284
PN-AAD-285

"Sewage Treatment in Developing Countries," L.W. Canter and J.F. Malina.

PN-AAD-286

"Contributions to a Mail Survey on Practical Solutions in Drinking Water Supply

and Wastes Disposal for Developing Countries," International Reference Centre

for Community Water Supplies, The Hague.

PN-AAD-287

"A Catalog of Water Supply and Waste Disposal Methods for Individual Units,"

George W Reid.

PN-AAD-283

"Historic Implication for Developing Countries of Developed Countries' Water and

Wastewater Technology," George W. Reid and Kay Coffey.

PN-AAD-288

"Evaluation of Lower Cost Methods of Water Treatment in Latin America," Odyer

A. Sperandio and Jose Perez C.

PN-AAD-289

"Socio-Economic Conditions which Pertain to Cost of Construction and Operation

of Water and Sewage Treatment Facilities and QLuality of Water Consumption in

Kenya," Erasto Muga.

PN-A tD-290

"A Water Sterilization Study in the Philippines," Reynaldo M. Lesaca.

PN-AAD-282

"The Study of Microbial Treatment of Nightsoil," Taiwan Institute of Environmental

Sanitation.
PN-AAD-281



"Study of an Existing Water Treatment Plant on Simple Design and Operating

System for Supplying Drinking Water to Rural Communities in the Lower Mekong

Basin Countries," Thailand Ministry of Public Health, Department of Health, Rural

Water Supply Division.
PN-AAD-280



Ala

i'o 

-



SOCIO-E2OT'O:MICC'Th2DITT.0"$S_\V{ICr p7' ' PET,.k~_'rO

COST 0 c?'gff'iCT:. A '.TD C';P3T?,] OF i;'T2TR
QUAHTT OR O.7'i -?T T.U 7. ,

by

Dr. Erasto Muga

A Report Submitted to

The Universi.ty bi Oklahoma

Bureau of

Water and E-nvirorjnental Resources Research

October 1.976



* TABLE OF CONTENTS

Pare

ACK1 OWLEDGIiENYT ..........9... ... 0 . 0. i- iv

CHAPTER ONE: INTRODUCTION ...................... 1-8

CHAPTER'. TWO: NATURAL 1 ATER RESOURCES .......... 9-20.a

CHAPTER T "E 7 :" POLITICAL LEADERSHIP .............. 21-26

CHAPTER FOUR: THE DE?'OGRAPIIIC AND SOCIO-ECONOTO[_C AND

SOCIO-CULTURAL FAiCTORS 27-129

CHADTE,. FIVE: ANALYSIS OF SELE C:TCED WATER SUPLY ST SIS 130-1-83

CHAPTER SIX: NATURE OF WATER USAGE AUD LEVEL OF

WATER C012SU:PTION.......... .4-199

CHAPTER SEVEN: SUMM4ARY .......... 200-212

APPEN-IDCES:

A Demographic and Technology Data

B Socio-Economic Data

C Process Data

D Data Identification

E Operational Data: Water and Sewage
Mombasa, Kisumu, Nyeri

F Facility Construction Cost Data:
Water and Sewage-Mombasa, Kisumu, Nyeri

G Types of-Secondary Schools by District

CHARTS:

1 Forecasts of Population, Investment and
Recurrent Costs - 1970-2000

2. Actual emd Forec:.st Population, Investment
and Reccurrent Water Supply Costs -
1970-1980



AC KH.OW. ,:P!G C<:.T T S

My thanks are due to 2rofessor George W. Reid

of the University of Oklaioma, Regents Prcfessor and

Director of Bureau of Water and Environmental Resources

Research under whose auspices this research on "Socio-

economic conditions which pertain to cost of construction

and operation of water arid sewage treatment facilities

and quantity of water constumption in Kenya" was undertaken

by the author. The U.S.A..D. allocated some funds for a

global study on ljow Cost Methods of Treating Water and

Sewage in Less Developed Countries (LDC) and through

Professor Reid a small amount was allocated for a study in

Kenya on the subject stated above.

I also thank Dr. Raymond D. Daniels, Executive

Director, Office of Research Administration, Bureau of

Water and Environmental Resources Research, and Dr. Silas Law,

Assistant Director of the same Bureau, both of the

University of Oklahoma, who took care of the administrative

and financial aspects of my research.

I must also thank all individuals in Kenya with whomi

I discussed all matters pertaining to the data I collected

and who in different ways helped me to locate the data oand

who also provided me with ths data I needed. This long

list includes the following:



Mr. A.E. Farrant, of the Ministry of Water Development

Nairobi, supplied me with very useful information on the

economic and financial problems which pertain to overall

water development, that is, operation, maintenance, and

.administration of water supply in the whole country.

Mr. J.H. Greenlees, Principal Engineer, Howard Humphreys

and Sons (East Africa), Consulting Engineers, Nairobi, who

provided data pertaining to process data on the Kisumu

water supply and sewage treatment.

Mr. Joshua Oiro, Acting Town Engineer, Kisumu

-Municipality, provided information on operation of water and

UL L(.4UILL'.[ U .U..)U Cmud. -u .L

water supply.

Mr. Richard Nyamao Mbeche provided information

pertaining tQ facility construction cost for sewage treatment.

Messrs. Ojwan'g K'Ombudo, Towm Clerk, Kisumu Munici--

pality and Awiti-Adhu, Assistant Town Clerk, Kisumu Munici-

pality helped in the administration of my questionnaire which,

sought information. on water consumption and usage.

Mr. Ezra Gumbe, Director of Social Services, Kisuma

Municipality, gave information pertaining to municipal

population having metred connections to their water supply.



Mr. P.C. Patel, Principal Assistant Engineer,

Design and Development, Mombasa Municipality, gave information

pertaining to sewage treatment facilities and sewage

facility construction cost.

Mr. Peter Ordina and a Danish hydraulic Engineer

gave information pertaining to the operation ol water

facility construction cost data in Mombasa tovm.

• °S

Mr. P.O. Shelat gave information pertaining to

operation of wt ter and sewage treatment facilities and water

facility construction cost data of Nyeri town.

Messrs. Delfin Mwangi and Jeremiah Mungai helped

in the administration 'of my questionnaire which sought

information on water consumption and usage.

Mr. George Wafula, Assistant Director (Technical),

Directorate of Industrial Training, Ministry of Labour,

gave very useful information on formal in-service training

programmes in Kenya by private sector and East African

* ommuni ty.

Mr. E.A. Wangai, Senior Education Officer (Technical),

Ministry of Education, gave information on Technical schools



iv

in Kenya.

Mr. F.'Munge, Deputy Secretary, Directorate of Personnel, gave

useful information on formal in-service tr-ining programmes for

government employees.

Mr. J.E. Njage, Education Officer, Ministry of Education gave
information on Secondary Schools in Kenya.

Mr. M.M. Ng'ang'a, Head of the Department of Building and
Civil Emgineering, Kenya Polytechnic, Nairobi, gave information

pertaining to ordinary Diploma Course in Water Engineering.

Dr. Kenneth Govaerts, Associate Dir'ector of Peace Corps, Kenya

deserves special thanks as he was very helpful in the initial

stages of research preparation and negotiation which led to

permission being granted to me by the Kenya Government to carry

out this research. He also acted as a middleman between and
the Office of Research Administration, University of Oklahomi.

I am also thankful to other individuals with whom I had very

useful discussion pertaining to my research and who gave useful

information as to where I could locate my data but whose names
I have not included here because of lack of time and space.

Without the help of the above name individuals the data that

have been used in the composi'.ion of this report would not be

complete.



INTRODUC TIOIT

The Republic of Kenya covers 
an area of 224,960

square miles (582,646.4 square 
kilometres). Of this area

5,171 square miles (13,393 
sq. km.) is water or swamp

1*
covered. According to records kept of 

rainfall

reliability in Kenya,

"only 15% of the country can expect to

receive at least 30 inches (760 mi.) of

rainfall in every four out of 
five years".(2)

This shows that Kenya lacks water sufficient for domestic

and livestock requirements for its approximate current

population of 13 million. Kenya's population was growing

at the rate of 3.3% per year between 1962 and 1969 according

to the calculations at the 1969 
census. At present its

.population is growing at the rate of approximately 3.5%

per year. Consequently the Kenya. government has initiated

through. .the Ministry of Water Development, a programme whose

aim is to provide enough water to cater for domestic and

-livestock consumption through the 
systematic application

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 expanding populations of munici-

palities, towns, and rural centres can be met by developing

water supplies and sewage disposal systems.

In Kenya, the current average per capita rate of

,, i anroxli4ately 40 litres. It is estimate



that this daily per capita consumption will probably

increase to 160 litres by the year 2000. These estimates

are derived from calculations based on water conservation

experience in the different types of schemes operating

3
in Kenya. These .schemes embrace large towns and other

major municipalities, smaller urban centres, rural centres

and market centres. There are twenty two (22) major towns

and. smaller urban centres and rural and market centres

served by an organised water supply.

The following class of water supply schemes in Kenya

show the per capita consumption in liters 
per day:4

Class of Schemes Per ca-Pita Consumntion
in LitreF ,'

Nairobi, Mombasa, and other
major municipalities 126

Smallcr urban centres 108 (for schemes
operated by
the Water
Department)

Rural Cehtres 67

-Market Centres 36

At present in Kenya, "a total of 932,500 of rural

and 1,337(,500 of the urban p6pulation is served by a water

supply of one kind and another".5 These estimates 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 shows the population

served by a water supply in 1972 by province, urban, and

rural areas: 7
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Table 1: Population Served by a Water Sul2y-197
2

Province Major Urban Rural High Medium Low

Centre Centr Centre Potential . Pote.-ti Pote Ji'-

entral
(including 60,000 105,400 41,000 193,500 18,000 8,00.0

.airobi)
iyanza - 45,700 7,500 15,000 87,500 25,000

Eastern 19,000 24,000 38,500 19,500 112,000

NI or th-
astern 10,000 21,000

Rift

Valley 122,400 32,000 137, OQO 46,500 43,500

Coast
(including 286,000 - 30,000 27,500 28,000 36,000
4oombasa)

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

areas and all of them have access to sa-e water Su-Pmy ant

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

people) of them have access to piped water.
8  There are about

10 million people in Ketya's rural areas who have to draw

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 million to cover new water*

projects for the whole country.9  The government hopes

to spend £ 1.5.6 million to supply all families in Kenya

with piped water by A.D. 2000. This is only a partial

attempt to control rural-urban migration.of young people

as there are many reasons for rural-urban migration.
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By the end of 1978 the government will serve

a tctal of 3 million families in Kenya with piped

water. The water development programme which will be

carried out in three phases to cover the entire country

will comprise 83 new water projects to be built at a cost

of Z 2.1 million for the .first phase, 34 water projects

to be built at a cost of more than £ 4 million for the

second phase and 75 projects to be built at a cost of

Z 12.8 million for the third phase.

It was estimated that between July 1975 and 1978

two million. families will be supplied 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 E 3.4 million would be spent on rurrd. water supply

alone an. a total of more than Z 1.3 million v.ouild be spent

in developing water supplies for livestock thrcu.ghout the

country.10  It is estimated that a total of " 145,000

would be spent on "Harambee" ("pull together" self-help)

water projects, and that a similar amount would be spent

in maintaining water supplies run by various local authorities

according to the Ministry of Water Development. Als the

Tana River Water Project will need a 1000 gallon reservoir

which will be built at a cost of £ 20,000. The Kandara

"Harambee" Wa'er 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.11

]he Sabaki River Water Project for Mombasa town in

the Coast Province, now under wiy will cost the government



K.£. 28.5 million. This new project will ease the recurrent

water shortage experienced in Mombasa to',m when it is completed

to serve approximately 335,000 people in Mombasa Municipality.

The current Development Plan by the Ministry of Water

Developmcnt also plans to start a sewage disposal. scheme in the

urban areas in which it hopes to spend slightly over £7.5 million

on behalf of Local Authorities during the current 1974-78
12

Development Plan.

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

is also going to spend E6 million to develop ranches in arid and

semi-arid areas for livestock development.1 3  This is only a

partial attempt to control rural-urban migration of young people

as there are many reasons for rural-urban migration.

In Kenya, rural-urban migration of young school-leavers

is creating many problems in urban areas. These young people go

to the urban i..-eas for a better life. This 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 rural areas to curb rural-urban migration

of young school-leavers.

As a result of the great need for water supply all

over the Republic of Kenya there are many self-help water

projects going on in various parts of the colutry, and the



Ministry of Water Development is giving them free

technical advice. Thus the "IHarambee". ("pull together")

self-help water projects together with government assistance.

will make it possible foe' everyone to get piped water

by the year A.D. 2000.

However, some of the self-hel: water projects are

not successful because the people concerned do not have the

technical know-how to mana e their projects. Lack of trained

personnel to operate water supplies and sewerage in the

existing treatmenit plants is a probleni facing the nation.

Lack of trained personne) is now more serious as the

government tries to expand water suply and se,ae schemes

to cover the entire country. For example by the end of

1975 there were only 35 qualified African engineers and

J Uo .. nt is still 2elying on a handful

of expatriates in supei-isory positions. There is need for

more industrial science subjects in. schools rather than

industrial art. subjects. For example in the field of

water and sewage development, operation and maintenance

there is need* for more engineers, geomorphologists, hydroa

logists, elimatologists, geologists, chemists, biologists,

physicists and other scientists in order that work pertaining

to operation and mai-ntenance may be carried out efficiently.

It is important to note here that in order that a

country may realize its national goal of supplying 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 that the country must have
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certain mount of natural water resources to supply the

entire population with water. Also of course, ruaterials

and equipment necessary for operation and maintenance, nd

processing water must be available along with the techmical

.know-hol 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 showm in this report so that future

programmes of water dcvelopment and supply may utilize

these resources in the best wa possible to supply the

population with the needed piped water. I now turn to

Chapter two to show the existing water resources in 
Kenya.
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CHAPTEYR T.10

NATURAL 'fATq3'FR R2SOURCES

As I pointed out in Chapter one, water covers about

2.3 % of Kenya total surface area. Thus 5,171 square

miles (13,393 square kilometres) of land is water or swamp

covered. Kenya, therofora, has 219,789 square miles

(569,253.5 square kilemetres) of dry land, and 2/3 of

this dry land is either semi-desert or deser..

Climate

The source of all water in Kenya is precipitation

which is made possible by Lake Victoria, Indian Ocean
2

and Relief. Ojany points ou+ that:

"the Highlands, Western Kenya, and
the Southern coastal belt are the
wettest Partsof Kenya, whereas the
Rift Valley floor and the vast
northern plain].ands between the Kenya
Highlands and the Ethiopian massif
are relatively dry". (3)

Kenya has an average annual rainfall of 380 Mm.

as compared to the world mean annual average of 650 ian. 4

The following table shows the aerial. distribution of rainfall

over Kenya:
5
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Table 2: Aerial Di.stribu..tion of RainfalL over Kenya

Rainfall in i Area in Sq.}Ka. Percentage Acutula-,e
millimetres I of Total Percentages

__ Area

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 48,7QO 8.4 89.4

1015 -1270 28,500 4.9 94.3

1270 -1525 19,400 3.3 97.6

S525 -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 hiht frost is fm~,9 -? "iTher

is snow in altitudes, above 5000 metres. Arid and semi-

arid low lying plains are the hottest areas with temperatures

of about 38°C during the day and 200C during the night. The

Rift Valley has the greatest diurnal ranges (16'C).6

Some recorded data on evaporation in some 49 stations

in Kenya show that the Rift Valley has the hLghest losses

of water through evaporation as noted by Ojany. The record

shows this to be 4060 mm in some places in the Rift Valley

and in the dry northern plainlands the loss through evaporation

7.is between 2790 and 4060 mm. 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

statinns that record evanrratirm
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The annual rainfall over some selected stations in

Kenya shows that: Naiiobi has a maximum of 62 inches

(1570 mm.), a minimum of 17 inches (437 rmn.), and a mean of

35 inches (879 mm.); Mombasa has a maximum of 74 inches

(1887 mm.), a minimum of' 28 inches (709 mm.), and a mean of

47 inches (1204 rml.); 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 imm.), and

8
a mean of 50 inches (1278 nmm). The average number of

rainy days in Nairobi, Mombasa, Nyeri and Kisumu are

120, 145, 100 and 139 per year respectively.

Annual temperatures over some selected stations

-in Degrees Centigrade show the following:'

Table 3:

Station Height in Absolute Mean Mean Absolute
Metres Maximum Maximun Minimum Minimum

Mombasa 16 35.6 30.1 23.4 18.9

isumu 1146 36.9 29.4 17.1 11.0

Nairobi
(Meteoro- 1798 29.7 23.4 11.6 2.5
logical
-iqs.)

Also the mean annual rainfall and the mean annual

.evaporation for some selected stations show the following:1
0



Station Latitude ILongitude Altitude Mean Annual Mean Annual
Rainfall Evaroration

,_ Ft. m inch. mm. inch. mm

Mombasa 0ov 1
Airport 4°02'S 39°7'E 180 55 41.5 1053.7 86.7 2205

K i sumu
(met.) 0°06'S 34 451E 1254 82 50.8 1288.6 83.1 2018

Source: Water Development Department, 1968



Main Kenya Rivers 11

Rivers -ILength Basin Area IRemarks
'.ana 440 miles (70S ham.) 24,000 sq.mi].es (62,160 K.,. 2 )

Athi-Galana- 2
Sabaki 340 miles (547 inr.). 17,000 sq.miles (44,029 Km. 2

2,.,,.ra 180 miles (290 Kmt.) 3,000 sq.miles ( 7,770 Km . ) Half of it is

Nzoia 160 miles (258 Km.) 5,000 sq.miles (12,950 m.)
Suam-Turkwiell 220 miles (354 K) 8,000 sq miles (20,720 Ki. 2 ) 90 miles

Sun-urwl 22 mie_(34 
es)

(145 Yr,)
, pet,ennia!

Ewaso-Ngiro 330 miles (531 Xm.) 22,000 sq.miles (56,980 x2a. 180 i -s
(North) (2c90 Km.) '

S, so-Ngiro 85 miles (137 Kim.) 2,000 sq.miles ( 5,180 Kn. 2 ) 60 ,

(South) (97 K.)
perennial

Kerio 220 miles (354 Km.) 2,500 sq.miles ( 6,475 Km.2 ). 70 miles
(113 Kmn.)
perennial

Yala 110 miles (177 Km.) 1,000 sq.miles ( 2,590 Km.2)

Sondu/Miriu 68 miles (109 Km.) 2,000 sq.miles ( 5,180 KiC.2 ) called Sondu/
miriu by the
Luo,Kipsono.I
by the Xi ei-

Kuja 55 miles ( 89 Km.) 2.000 sq.mi!es ( 5,180 Kin.2 )  gis

Mep.ewa 67 miles (108 Km.) 3,000 sci.miles 778 2,

.130 miles (2-09 K..) 2 ,LO0 ro.ie s( 5 3D Km. 39 50 , ," - (8,0
Tz,.



'a1e 4: Kenya LakesI --

'ake Area Length Width Average Depth Height ovar MSL

Sq.miles Km.- Miles jKm"  I Miles -. Feet e Feet M

V.tctoria 26418 67493 175 282 140 225 150 46 3720 1134
K.nya portion) 3785

Itdolf 2473 6405 154 247 20 - - 1230 372
Dhringo 50 129 11 18 4.5 6.- 17 5 3200 975

gadi 40 104 16 26 2.5 - - 1900 579

ihivasha 44-74 114-191 10 16 5 ; 11 3 6150 1875

,I-boseli 0-44 0-114 0-13 0-21 0-6 0-10 0-2 0-0.6 3900 1188

j ipe 15 39 7.5 11.8 2 - - 2300 701 4-

IT .w;ington 13 34 12 19 1.25 - - 3200 975
Nak ru j 2-12 5-31 1-5 2-8 1-2.5 1.6- 2 0.6 5765 1757
:3s asonal)
..-mente-ita 7 18 4.5 6.8 1.5 2.4 - - 5850 1783

N- t. Kenya)
~ohel 0.03 0.08 0.25 0.4 0.12 0. - - 13760 4194

>hachraelnon 0.05 0.13 0.25 0.4 0.19 0.. - - 13010 3965

* ExceDt Lake Victoria, the above lakes are found in the f>-or of the Rift Valley. Also
in the floor of the Rift Valley are lakes Logibi and Kwe. ia.



The following are the total surface water resources of

13
Kenya:

Drainage .River Mean Annual Run-off

Area Cubic M3

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 9536 729.2

Rift Valley .Melawa 242 185

Gilgil 36 28

Molo 51 39

Per Kerra 165 3.26

Others 565 432

Sub-total 1059 810

.Athi River Athi.... 980 749

Tsavo 180 138

Njoro-Luffii 383 293
Springs

Others 150 1.5

Sub-total 1713 1295

Tand River Tana-Garissa 6148 4700

_Ewaso Ngiro ..waso-Ngiro
(Archers
Post) _9_7_739"

KENYA GRAND TOTAL 19423 14836

Source: Director of Water Development, 1968.
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In Kenya, windspeeds average about 160 !.n/day at

ground level, but at higher elevations the windspeeds

may reach 300-350 km.

It is impor.tant to note that more than 
80%.of Kenya's

streams are seasonal in their flow.' Lake 
Victoria is the

best reservoir in East Africa, and "its inmmediate adjoining

areas in Kenya receive regular and ample rainfall". 
4  Thus

it is this lake shore area which has perennial 
strerrns and

its dry season flow is about 10 cusecs. 
The waters of

Kenyan lakes are too saline for domestic 
use. The exception

to this are Lakes Baringo and 1'aivasha.

The Tana river is also an important surface 
water

resource, next to Lake Victoria, but it has a very high

evaporation rate w. ich reduces its value as a 
water resource.

It should be pointed out here that Kenya 
is not rich in

surface water resources according to what 
has been stated

above.

Rate of Evaoration

In Kenya, evaporation from open water 
surfaces

is nearly half of *the total rainfall in 
some places. The

Water Departmenit estimates 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 inches (1270 
mm).1 5
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Groundwater Resorces

Kenya has a considerable amount of ground water

,which makes rp for the deficiency in its surface water.

However, much of this ground water is undeveloped except in

some areas "around Nairobi where some conservation measures

have been taken".16 This ground water originates primarily

from rainfall which gets into the ground and which can be

recovered from boreholes.

From studies done in Kenya it is recorded that the

first borehold drillings were done in 1928 and that today

there are some 4000 boreholes.1 7 Ojany 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 points out that:

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

In Kenya the water table which is deeper than in

other parts of Africa is reached at an average depth of

260 feet (80 m.) below tie surface. This groundwater is

what Kenya's rural water supply depends on and as such the

first borehole was drilled in 1927-?8, and in 1967, 410 wells

and protected springs were built. By the end 6f 1967 there

were 3627 boreholes in Kenya.
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Ground0'a'ter 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 groundwater resources

are of good quality. 1 9

Groundwater quality in Kenya depends upon hydro-

geochemical factors which affect the chemical quality of

the water. Four broad groundwater zones have been demarcated

in Kenya for the 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

20total dissolved solids range to 1,000 ppm. It is noted

that except for the high fluoride and silica content the

groundwater resources in this zone are of good quality

and suitable for most domestic and industrial purposes.

Zone II ias high concentrations of Magnesium, Calcium and

bicarbonate in. the groundwater, and this gives rise to

hard water with a total dissolved solids concentration of

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

solids in this zone may be quite acceptable for stock rearing

and other uses, although it is desirable to reduce the con-

centrations of salts. and silica in this water.

Zone III has groundwater with high salt content, with

total dissolved solids ranging to 8,000 ppm. This is due

to the high chloride content (and possibly sodium and pota,-

ssium). In this zone, pockets of good quality water are

available, but for most uses this water is unsuitable.
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Zone IV has groundwater which is quite hard and

saline in nature due to the influence of some of the marine

sediments in which this water occurs as well as the

adjoining sea water (Indian Ocean). In this zone there

are high concentrations of chlorides 
(possibly Sodium

and Potassium) MagnesiUf, Calcium, Bicarbonate and Sulphate.

It is noted that these conccntrations 
may be acceptable

for some stock rearing purposes. 
The total dissolved.

solids concentration of water in 
this zone is well above

8,000 ppm.

Kenya Rivers as Power Potentials

Kenya -civers are a great potential 
as a source for

hydroelectric power, and at present 
they are Kenya's best

source for power. There are a number of hydroelectric

power schemes in Kenya, and the following 
table shovs the

river sources and the 
localities of the schemes:

21
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.Table 5: Svmmary of Existirt ilydro-Elect-ric Power St'aiioll.

River Locality of Available MNi nimum Output
Scheme Head Flow (Kws. )

(metres) (cuSecs)

Maragua ..:esce. 40 1.4 380
Maragua Wan j i.i 68 1.7 2,000
Mathioya .,an j i. 110 2.5 5,4 00
Maragua Tana 73 1.7 6,400

Tana Tana 54 4-.5 8,000

Sagana Sagana Falls 37 1.1 ,500

Thika Ndula 29 2.0 2,250

Liki ianyuki 26 ,0.1 1-00

Sosiani Selby Falls 43 0.04 360

Kuja N-acalder Mines 24 0.8 900

Tana Kindarujma 36 15 40,000

The above hydroelectric 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 water conservation.

Unfortunately Kenya's forests cover only 5.2% of the total

land surface. As sUch there is need for afforestation, -id

the Kenya government at present has a policy of increasing

this forest area by an additional 60 sq. km. of exotic

trees per year in order to realize this objective.
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CHAPTER THREE

POLITICAL T.PDT.I^ST- P

Political ideology of a country is crucial in

matters pertaining to development of all types at national

as well as at the community or local level. Although this

report is concerned only with the aspect of development

which pertains to "socio-economic conditions which pertain

to cost of construction and operation of water and sewage

treatment facilities and quantity of water consumption in

Kenya", with a vj.ew to determine the most appropriate and

cost effective water supply and waste water facilities for

developing countries, the political ideology of a country

is an all embracing factor for all types of development,

especially at the 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 goverm. ent

collaborates with individual entrepreneurs in bringing about

some kind of economic development. For example the government

can give loans to 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 cooperative of some commercial

nature. This "mixed economy" is encouraged within the

framework of a capitalist mode of development. This idea of
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mixed economy has been extcnde.d to embrace "self-help"

or "Iarambee" (pull-to-gcher) activities which people

engage in especially in the rural areas to facilitiate

social and economic development in arcas of Kenya where

individual effort azd initiative are not enough to create the

desired objectives. When individuals in a particular -ommunity

in Kenya initiate a "1self-help" development project which

is of social and economic value to the entire com-munity

using their own meagre resources it is possible for the

government to come in at a later stage to assist such

individuals financially so that 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

apprcc-Jb]y reduced. The government also does nct snen d

the money on the project doing it alone without the

collaboration of the comnmunity. 
Thus costs are reduced

both for the community* and the government.

Community Activities

It should be noted here that due to "Harasmbee"

self-help spirit stated above, encouraged 
by the government,

in 1967 alone over 3,600 community facilities 
were completed

among which were 119 piped water supplies 
which were installed

and 410 wells and protected springs which were built.

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

and in 1970 the amount had risen 
to E 8,500,000.

2 The Fandara

"Harambee" Water Scheme which will be completed this year

(1.976) and which will cost K.Z 1.6 million and supply atout
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140,000 people in. Kandara Division also has been mentioned

elsewhere in this report. it is estimated ",hat the ,,Iiarbee

self-help projects which included Kenya's Institutes of

Technology, water projects and business activities in rural

areas amounted to over K.shs. 300 million by 1975.

More important is to note the fact that in 1967 in

collaboration between the government and the local people,

in self-help projects the government assisted in supplying

only 6% of the capital. The remaining 94% of the total

effort was contributed by the local people. ThuS the

"Harambee" self-help programmc in Kenya are very significant

in creating facilities of all types including water and

sewage for people's use.

The "Harainbee" self--help programmes in Kenya are the

analogue of socialist mode of development in Tanzania where

rural development based on "ujamaa" ("Fainilyhood") villages

is encouraged so that through self-help reliance people

engage in agricultural activities, build roads, health

centres, and primary and secondary schools and also

participate in rural water supply programmes. But even in

Tanzania where a strict cormiunal mode of development based

on self-reliance is followed it is necessary for the government

to assist local people in their social and economic developmnfnt

by supplying them with the necessary capital and money.

For example it is estimated that in Tanzania from the year

1969 to 1974 the government spent half a billion shillings

in the development of "ujamaa" villages.4  For example

the Upper Kiteto ujamaa village received shillings 800,000
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in I5,3 in order to help it overcome a serious financial
~5Cr isi S.5

It is important to point out, here that a political

ideology which engourages self-help program-mes of

develo-m.ent in the social and economic fields, coupled with

government subsidy and technical advice and help can do a

lot to reduce the costs involved in such developments. Also

a stable political leadership is necessary for such programmes

tQ succeed. If political leadership at national and local

level is unstable and if as such it does not attract -the

allegiance of the populace a government would find it

extremely difficult to marshall both the natural and human

resources necessary for development in all fields. At,

presen- Kenya ana ianzania are Lucky as -tneya1ne politically

stable. But they still have obstacles to development in

little capital and inadequat- trained manpower to develo

the existing natural resources and thus bring about des-ired

social and economic development. There are also many other

socio-economic conditions in a developing country such as

Kenya, which despite a favourable political ideology and a

stable government and political leadership, make it difficult

for the country to supply its populace with adequate and

neces3ary facilities for development such as water supply

and sewage and waste water disposal.

In view of what has been stated above, it is now in

ord6r to discuss the demographic and socio-economic and

socio-cultural factors which pertain to cost of construction

and operation of water a-d sewage treatment facilities and
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quantity of water cons-oinption ir. Kenya. These dermograPjj.c

and socio-economic and socio-cultural factors are analysed

in Chapter four within the framiework of demographic Eu~d

technological, socic-oconomic, process, operational and

facility construction cost factors at both national and

local (coTurunity) level. Kisumu, Mombasa and Nyeri towns

are the local cormunities studied where water supply and

sewage treatment facilities are found. This report shows

how the various factors enumerated above are interrelated

in the management of water supply and sewage treatment

facilities in order to serve the communities which use

such facilities.
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CHAPTER FOUR

THE DEMOGRAPHIC AND SOfi!O-ECONOMIC AND
SOCIO-CULTURAL FACTORS

Demographic and Tochno ]ogical P,.ctors (see Appendix A)

Any organized plan for the establishment of .tater

supply and sewage for a community must consider estimates

for the demand and for water supply and sewerage to include

future projections of amiual population gro';th rate, life

expectancy of the population in years, birth rate of the

population and infant mortality rate per 1,000 population,

survival rate, that is, the percentage of inhabitants

expected to survive during any given year, the percentage

o f c m.41 .r-a n I s- CT- th c wzc e r n nf the : tlt I -n nmf -n t 11 1 t 1 t

leave the area and begin to live in another community or

country each year, percentage of imigrants, or the percentage

.of the total population that have just arrived to live in

the communityor 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 a.,i6unt of water supply needed and

.the amount of sewage treatment facilities necessary.

DEMOGRAPHIC FACTORS

Population

.At present Kenya's population is approximately 13

million. Of this number approximately 1.3 million l.ive
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in urban areas and have access to piped water and sewage

treatment facilities. Approximately 11.7 million people

live in the rural areas and of this number only 1 million

(approximately) p eople have access to piped water.

Annual Ponulation Growth Rate

The annual population growth rate in Kenya according

to the last censas in 1969 is 3.30. It is believed that the

annual growth rate since 1969 to the present may be higher

probably 3.5%. This factor of growth rate 'must be considered

seriously in planning for adequate per capita daily water

demand especially in townis where there are populations which

depend on piped water supply. The average annual rate of

and 1969.1

Life Expectancy of Population

At the -time of the 1962 Census, Kenya had a.life

.expectancy at birth of 40 to 45 years and at the 1969 census

the life expectancy had risen to 47 years for males and 51

2for females. In 1972 life expectancy in Kenya was 57.2

years. It is significant to note that life expectancy depends

on the incidence of death or mortality rate which differs

from one ecological area or condition to another. Thus

since Kenya has a variety of ecological areas it is reasonable

to state that death rates would vary from region to region

and as such infant mortality rates would also differ

from region to region, and life expectancy would also differ

from region to region. However, the figures given above
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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 others as follows:3

Table 6

1969 1912

Province Mortality Life Mortality Life
Levels I Expectancy Levels ,Expectancy

Coast 16 55.7 17.5 61.5

Eastern 13 48.6 14.5 54.4

North Eastern 11.5 45.0 14.9 50.8

Nairobi 18.5 61.8 20.0 68.3

Central 15.5 54.6 17.0 60.3

Rift Valley 12.0 46.7 13-5 52, .
Western 13.0 50.0 14.5 54.4

Nyanza 14.0 51.0 15.5 56.7

Kenya 51.5 57.2

Birth Rate

According to the 1969 census the average 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:
4
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Table 7:

Province Crude Birth
-Rate

Nairobi 40.8

Central. 51.0

Coast 42.2

Eastern .44.4

North-Eastern .41.0

Nyan za 52.5

Rift Valley 44.2

Western 54.2

Infant MortalitV

Estimates of infant mortality rates per 1000

population each year show according to the 1969 census that

infant mortality rate in Kenya for males 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 mor tal-ity rates for the different provinces 
in Kenya

.5
were as follows:

Table 8:

Province Infant Mortality

Males i Females

-Nairobi 79 62

-Central 81 .66

Coast 152 136

Eastern 115 100

North Eastern 121 107

Nyanza 183 168

Rift Valley 94 77

Western 150 .131
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Survival Rate

According to the 1969 census Kenya's death rate

was 17 per thousand population per year for the period

iamediately preceding the census. This iti believed to be

the current death rate in Kenya. Therefore, the survival

rate per thousand population per year in Kenya is 983

persons. This gives a percentage of 98.3.

The mortality indicated here is high but it is

declining in Kenya. Medical science and general health

measures have helped a lot in the prevention 
and treatment

of diseases which are responsible for killing 
people.

Improved social and economic conditions which 
have

- 'l- l appr-oci -hlc c. onomic. dcv-1-,_-' n a ,c!sc account

for the declining death rate.

Mi gration

Recorded figures on arrivals and departures 
in and

out of Kenya on a permanent basis, show the following

from 1968 to 1975. (It is regretted that local figures

-on such permanent arrivals and departures 
are not .available

for nearly all places except the few major 
tovms such as

Nairobi and Mombasa):
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Table 9:

Year Permanent Percentage of Permanent Pecentoae of
Immigrants Total Emigrants Total

Population Population

1968 16,973 0.15 11,497 0.01

1969 19,082 0.17 13,526 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 20,900 0.16

The average annual growth rate of Kenyan towns (3.89%)

has already been stated elsewhere in this report. This

growth rate is due to natural increase *as well as migration

into these towns.

Calories Intake Per Person Per Day

The ideal calorie intake per person per day depends

upon the type of work or activity that an individual engages

in. Of course, the amount and type of food that a person

eats must be taken account of if he has to satisfy the

minimum requirements of calorie intake for the type of work

he does or the kind of activity he normally engages in

everyday..

The normal (scientific.) energy requirements during

various activities as pertain to individuals per minute

are as follows:
7



Aight Work Moderately Heavy Work Heavy Work Very Heavy Work

:ilo-calories Kilo-calories Kilo-calories Kilo-calories
mer minute ner minute per m~n-te ner minute
2.5 - 4.9 5.0 - 7.4 7.5 - 9.9 Over 10

Ixa.I T1 e s: Examoles: E, Xamle s: Exam-,!es:

Light industrial 1. Farm work 1. Mine working 1. Felling trees
and domesticwork 2. Playing football 2. Steel making
Gymnstics 2. Marching with pack 3. Swimming

Tile laying 3. Balroom dancing .(crawl)

Painting 4. Playing tennis 4. Climbing

Tending agri- 5. Cycling
cultural
machines

Driving goods
.vehicles

IPlaying golf

Bowling
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According to the above international standards

a person doing light work needs a minimum of 3600

calories per day, for moderately heavy work he needs

a minimum of 7200 calories per day; for heavy work he

needs a minimum of 10,800 calories per day; and 
for very

heavy work he needs a minimum of 14,400 calories per day.

The average per capita calorie intake per day for Kenyans

is 2200 calories, according to the United Nations Food

and Agriculture Organisation. In 1962 and in 1965 and 1966,

studies of consumption of calories were done in Kenya in

8 different areas. The per capita calorie consumption per

day in each place was as follows: Ngamwa 1727, Gitugi 1933,

Ihururu 1558, West Koguta 1487, Masumbi 2485, Ithiiumi

14.26, Nyamni 2265, P.,deni 3 -90. ThcSc f r

an average per capita calorie intake of 1834. This is an

average of 8 different localities only. It seems to the

author that the work that Kenyans do which has to do with

construction and operation and maintenance of water supply

and sewage treatment facilities and all other relevant

duties cornected 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 work

shown above (which fall within the spheres of activities

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

consumption per day per person.



tevel of Water and Sewage Treatment Technology Development
in Kenva_ _

In Kenya approxima-ely 2.4 million people today

(1976) have access to piped water supply to their houses..

Of these people approximately 1.3 million live in urban

areas where they definitely save piped water supply to their

houses. The rest of the people who have pi-ped water supply

live in rural areas and they number approxi:mately 1.053

million, that is 9 per cent of the total rurai population.

Of these people in the rural areas who have piped water

supply the majority have central village or street puwmp.

According to the above figures, 18.5 per cent of

Kenya's population have access to piped water supply which

includes piped water supply to houses and central village

or street pump.

The central village or street pump type of water

is utilized by approximately 8.1 per cent of the total

population and piped water to houses is used by about

10 per cent of the total population who also use sew-'age

treatment facilities.

About 77% of Kenya's population(lO million people)

draw their water from natural supply points since they have

n1o piped water supply. These people also have no sewage

treatment facilities. It is very difficult to estimate the

percentage of people using the sewage collection system which

is found mainly in the urban areas. The percentage is very

small, almost negligible.
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I visited three different site- in Kenya to see

the level of water and sewage treatment technology development

in these sites. According to the respondents in all these

three sites, the level of technology advance;ent of water

and sewage treatment facilities was simply a transfer of

a process that had been successful elsewhere. This obser-

vation was true of Mombasa, Kisumu and Nyeri water and

sewage treatment plants. For the Kisumu plant it was alsc

stated that it is a unique process developed especially for

the characteristics of this site (to be explained further

b.!low). For the Nyeri plant it was also noted that it is

an adaptation of another process but altered to be more

suited to local characteristics (to be explained further

bel ow).

Concerninj quality of project for research the

Kisumu water and sewage treatment plant respondent noted

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

same thing as the Kisumu respondent. The Mombasa water and

sewage plant noted that it is a breakthrough for enhancing

the development of Kenya (to be explained further below).

Population Projection for Kenya

A.t the 1969 census when people were enumerated

since the last census of 1962, it was noted that the crude

birth 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 projection for Kenya assumes

that there will be "no change from 1969 fertility up to

1975" and that there will be "no change in age specific

fertility rates through 1980"; and secondly, that there

will be "a steady decline in mortality leading to a rise

in life expectar.cy 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 leading to a

fall in total fertility rate from 7.6 in 1969 to 6.9 in

1980 and 4.0 in the year 2000".9

• According to the above ass.umptions regarding

fertility trend it is estimated that Kenya's population

will "rise from. approximately 11 million in 1970 to 34-

million in the year 20D0". 1If 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 inciease 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 shows the following:
1?
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.Year Population

1970 11,247,000-

1974 13,413,000

1980 16,053,000

*2000 28,000,000

Similarly Kenya population projection using

the assumptions cited above show the following in 5 year

intervals :13

Table 10

Year Total Fertility Rate Total Population

in ferti- age specific in ferti- age -secific
lity rate fertility lity rate fertility

rate .__a._ _ rate

1970 - 11,247,000 11,247,000

1975 - 13,413,000 13,413,000

1980 -" 6.9 16,053,000 15,877,000

1985 - 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 daily

per ca.ita water consumption in Kcnya by the Water

Apportionment Board - then the following is the total

daily water consumption demand for the yearsstated above
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for the population that has access to piped water supply,

assuming iho change in fertility and mortality rates

(see next page).

It should be noted in Table 11 that the total

daily .aecr cons.inption in every respective yrar is based

on the assumption. that 9 per cent of the total rural

population will have access to piped water supply and that

10 per cent of Kenya's population i'i each respective year

will live in urban areas and that all of them 
will have

access to piped water. (Note that this is the current

proportion of rural to urban population in Kenya: 
10%

urban and 90% rural).

Another important 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

population will be approximately 34,286,000. Assuming

that the per capita daily water consumption will 
be 160

litres as estimated by the Ministry of Water Development

then the total daily water consumption 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 year 2000 every

Kenya farmer will probably have to water his livestock 
:.rom

piped water. If this is assumed to be so then more water

for livestock will be required at the rate estimated by the



Table 11: Population Using tater at the Rate of 90 Ltres oer person per day

Year Rural Population Daily Consumption Urbar Daily Consumption Total Total
in Litres .Population ..n Litres Population Consumption per

Rural + day in Litres
Urban

1975 1,086,453 97,780,770 1,341,300 :20,717,000 2,427,753 238,497,770

1930 1,300,293 %.117,026,370 1,605,300 -L4,477,000 2,905,593 261,503,370

1985 1,564,110 140,769,900 1,931,000 -73,790,000 3,495,110 314,559,900.
0

1990 1,887,462 169,871,580 2,330,200 "09,718,000 4,217,662 379,589,580

1995 2,885,253 259,672,770 2,821,300 :;53,917,000 5,106,553 513,589,770

2000 2,777,166 249,944,940 3,428,600 IC-8,574,000 6,205,766 558,518,940
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Water Approtionmcnt Board, which is I0 gallons per day

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

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

pigs). Currently Konya ha7 7,24 2 ,000 cattLe, 6,400,000

goats; 5,400,000 shee); and 31,000 pigs (figures fcr

1970, 1.966, 1966, 1966 respectively).* Assuming that

the number of livestock will remain the sane in the years

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

daily amounts of water for livestock consu-mption:

Animal Consumption per Total Daily 
day per animal consumption

Cattle 7,242,000 45 litres 325,890,000 1itr!S

Goats 6,400,000 9 litres 57,600,000 litres

Shccp 5,400,000 9 litres 48,600 ... ..

Pigs 31,000 9 litres .279,000 litres I

Total 432,369,000 1itres

If the. daily water consumption for livestock is

added to the total daily water consumption demand for human

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

daily water demand for the respective years:

See Jacques M.* May, M.D., The Ecology of Malnutrition

.in Eastern Africa and Four Countries of Western Africa -

Studies in Medical Geography, Vol. IX, p. 310.
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Year Total Daily .1atcr Consu.mp-
tion in Litres

1975 650,866,770

* 1920 694,370,140

1985 746,928,900

.990 811,958,580

1995, 945,958,770

2000 990,887,940

Socio-econom.ic Factors (see Anjcen:j.i B

Average Level of Education Obtained in Kenya

The average level of education obtained by persons

of various levels nf edui;r- str. - .' ,. . . .

for the years 1969 and 1972 to 1975 when the total Kenyan.

population in the vari6us years is considered 14 (see

next page).

In the analysis below the author has assumed
that the portion of the population that has no formal

education at all has remained unchanged since the 2.969

ce:nsus when this portion of the population was actually

counted. The "None" column below contains persons who

stated that they did not have any formal education as well

as those who did not state anything concerning their

educational attainment. Also in the analysis it should

be noted that the percentage of the population that

attained University standard is not shown for the year

1969 because the total number of persons in the Universities



.ble 12: Level of Educatioi.

rear None Primary % g or] Technical % University

,(approx.) schocl Seco;.dary school.
t oj 

H,, o

1969 110,942,705 7,979,237 72.9 1,282,298 11.7 115.246 1.1 2.344 0.02 1,877 -

1972 11,247,000 7,979,287 70.9 1,675,900 14.9 161 900 1.4 7,236 0.06 7,066 0.06

1973 11,247,000 7,979,287 70.9 1,816,000 16.1 174.800 1.6 7,236 0.06 9,166 0.08

1974 12,000,000 7,979,287 66.5 2,734,400 22.8 195 800 1.6 8,149 0.07 8,593 0.07

1975 13,413,000 7,979,287 59.5 2,881,100 21.5 225 100 1.7 8,266 0.06 8,492 0.06

- L -. _ I !_
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was not known. 1877 was the total number of Kenya students

studying in the East African Universities o:ly, excluding

those studying overseas.

It can be noted from the above analysis 
that all

levels of education obtained have 
shovm a steady increase

every year when total numbers of persons 
enrolled at all

levels are considered. The percentage of persons enrolled

in the same level in some cases are the same for two

consecutive years sirply because the national populati-o, of

school age alsa increases every year. This gives the

impression that the total numbers attending 
school every

new year are the same when in. actual fact 
the total

numbers are increasing as can be noted.above.

The increase in school enrolment at all levels

also necessitates additional schools to 
cater for the

additional numbers enrolled. Over the past few years

the increase in the total number 
of schools is as follows:

1 5

Primary School 1972 1973 1974 1975

Number of schools 6657 6932 7668 8054

Increase of schools
over previous 275 736 386
year

Secondary School 1972 1973 1974 1975

Number of schools 949 964 971. 1175

Increase of schools
over previous 15 7 204

year
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According to 1976 figures there are 8500

fully maintained government primary schools as opposed

to 35 government assisted primary schools, unaided "Harambee"

primary schools, unaided church primary schools, and unaided

purely private primary schools.

By the end of 1.975 there .were 379 fully maintained

government secondary schools, 43government assisted

secondary schools, 568 unaided "Harambee" (self-help)

secondary schools, 61 unaided church secondary schools,

and 109 purely unaided and private secondary schools. It

should be noted that some of the goverment assisted schools

are under church management.

Bcfor. 1963, 80 p.r cnt of thc..primary ....nd .c.n£t:.y

schools were run by missionary or church organisations.

Since.1963, when Kenya became independent, many voluntary

organisations such as "Harambee" or. self-help began to

establish, man j primary and secondary schools which began

to compete with church schools and schools run by the Central

government. For types of secondary schools by districts

.see Appendix G.

Most local schools offer education up to the end of

-seventh grade. But now there are many secondary schools

established within the local communities although they are

not even half as many as the primary schools in many local

areas in Kenya. Thus it is reasonable to say that many

local conunities in Kenya have at least a secondary school.
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A local community here is defined as an urban area or a

rural centre with a population of not less than 2000. Many

rural areas which as communities do not have a secondary school.

are within an average of about" 10 to 30 miles (16-48

kilometres) from a secondary school.

For the last' three years since 1974, Kenya has

allowed free primary education Up to the fourth grade.

This free primary education up to the fourth.grade caused

an incraase of 51 per cent in the enrolment of primary

education in 1974, and "1from 1974 to 1975 primary and.

secondary school enrolments rose by 5.4 per cent and 15.0

per cent while the number of schools increased from 7,668
• 16

and 971 to 8,054 and 1,175 respectively".

Technical Schools

Kenya has two large polytechnics -. Kenya Polytechnic

and Mombasa Polytechnic. In addition to these there are

13 others that have been operating, and 3 others that

have recently been opened to train post-secondary school

17
leavers. 1  Among those technical institutes of technology

that will train post-secondary school leavers, there are

l0 others that will lsoon open. The full list of all

technical schools in Kenya is as follows:
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1. Kabete Secondary Technical School: trains people

in basic engineering courses - mechanical, electrical

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

joinery, masonry, plumbing.

2. Machakos Secondary Technical School: trains people

in basic engineering.- mechanical, electrical, motor

vehicle.

3. Thika Secondary Tec-anical School: trains

people in basic engineering - mechanical, electrical,

motor vehicle, agricultural mechanics.

4. Meru Secondary Technical School" trains people in

basic carpentry/joinery, plumbing, masonry.

5. Rift Valley Secondary Technical School: trains peopiC

in basic engineering - mechanical, electrical, motor

vehicle.

6. Kisumu Secondary Technical School: trains people in

basic engineering - mechanical, electrical-, motor

vehicle.

7. Mawego Secondary Technical School: trains people

in masonry, carpentry/joinery.

The following train people only up to Form 3 level:
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8. Kaiboi Secondary Technical School: trains people

in basic engieerirg - mechanical, motor vehicle,

agricultural mechanics, and later will train people

in electrical engineerirg.

9. Sigalagala Secondary Technical School: trains people

in basic building courses. Has been conducting basic

engineering courses.

10. Technical High School, Mombasa: will now train people

in basic building trade courses at Form 3 level.

Has been teaching basic engineering courses.

11. Nakuru High School: has been teaching basic

engineering courses. Will now teach engineering

courses at Form 1 level.

12. Technical High School, Nairobi: has been teaching

basic engineering courses. Will now teach industrial

education.

13. Nyeri 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 indust6rial tailoring courses.
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Ny':ri Technical Secondary School will start

welding courses soon daring 1977, and the government has

plans to start other courses in Kitale and Mombasa,

where basic engineering courses such as agricultural

engineering and mechanics ,.ill 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

school leavers. Three of them, namely Kiambu, Murang'a

and Kaimosi have opened.

There are other assisted and private technical

schools in Kenya. These are Kajiado, Starehe, Sagana,

unristian inaustrial Training 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 noted in -Table above, rapid growth of secondary

education will supply middle level entrants to the labour

force, and some secondary school graduates will ccrtinue

their education to the University and it is from among

them that high level manpower will be obtained to replace

expatriate high level inanpower.
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As shown above, the total enrolment in secondary

schools 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 increase of 5.5% would

make enrolmen
+ in primary schools in 1976 

more than 3 million. 1 8

Primary school expansion will necessitate secondary

school expansion as is already evident in Kenya, from now

on. Secondary school expansion also necessitates University

expansion. At pi-esent there is great need for additiohal

universities in Kenya as only less than half the total number

of qualified entrants can find places at the University of

Nairobi and at Kenyatta University College. In fact 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 compared with a decline of

1.2 per cent in total enrolments. This decline which

has been observed for the 'first time over the past. few

years is due to lack of accommodation and 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

can be engaged in water development successfully, 
University

graduates who have science degrees in Chemistry, Biology,

Physics, Botany and Mathematics and in Mec-anical 
arid Civil

Engineering are very much needed. Both the University of

Nairobi and the Konyatta University College have science

departments and engineering departments (in 
the University of

Nairobi) and laboratories which can train persons 
needed in the

fields enumerated here. For example, during the 1973/74

academic year there were 482 Kenyan students 
in the East

African Universi.ties and overseas studying science (Mathmatics,20

Biologr, Physics: Botany and Chemistry, etc.). During the

same academic year, there were 661 Kenya-n 
students studying

Engineering of different types (Civil, Mechanical, Design,

etc.).

Of the 9,166 Kenyan students studying in the 
various

universities in East Africa and overseas in 
1973, 455 of th'em

or 4.96 per cent were studying in the neighbouring 
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 studying outside 
Kenya and

4,697 Kenyan students studying in Kenya. 
The percentage of

those studying outside Kenya in neighbouring 
and overseas foreign

countries on the one hand and in the home university 
on the

other, were 48.76 and 51.24 respectively. It can be noted

that there was almost an equal number of Kenyan 
university

students in foreign countries as compared.with 
that in the

home university.
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Agricultur,. Education and Trainir,

An important aspect of education in Kenya is

that pertaining to agricultural education and training.

This aspcct of" education is very important since Kenya

is primarily an agri cultural. country. Farmers need plenty

of water supply for their livestock as well as for their

crops and domestic use. Consequently, Kenya offers

education and training in agriculture at degree, diploma

and certificate levels, and there are short-term vocational

courses as well.

Degrees in agriculture are obtained in the

University of Nairobi in the Faculties of Agriculture and

Veterinary Medicine and in 1975 there were 185 -and 312

students enrolled in these faculties respectively.

Egerton College offers ,Diploma courses in Agriculture

and in 1975 total enrolment at Egerton was 643.23 Embu

Institute of Agriculture offers courses in general agriculture

at Certificate level and in 1975 there were 161 students

24
enrolled. The Animal Health and Industry Training

Institute at Kabete offers courses in animal husbandry

and in 1975 there were 215 students enrolled in this Institute.

The last two institutions conduct two-year training courses.

Bukura Institute of Agriculture also conducts courses in

general agriculture.

The short-term vocational courses are conducted by

Narosura Farm Mechanization Training Institute at Baringo

and at Naivasha Dairy Training School, where the enrolments
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in 1975 were 100 and 454 respectively. In the former

Institute coLrses are conducted for oie or two weeks

and in the latter school short course seminars are conducted. 2 5

The enrolme.nts in the above institutions have shown

a steady increase since 1971 up to date. These institution-s

produce knowledgeable persons who in many cases are employed

as extension workers to advice farmers i.n the nececsary

skills for crop production and animal husbandry. In addition

there are Farmers Training Centres which train farmers and

equip them with the necessary knowledge aimed at upgrading

their farming skills. These Farmers Training Centres are

at Kikuyu, Nyeri, Rbu, Matuga in Kwale and Murang' a.

JrU.,L .L-ot i:.' .viud E'?.'e.ing Programmes for Emnoyees

Government Enoloyees
26

GoverrLment employees who have acquired certain basic

practical skills in their places of employment, have

opportunities to improve on their skills through formal

in-service training programmes offered them by their employers.

The level of training depends upon educational attainment

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

t raining prograrmes are established for various government

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 courses for government

employees in the various ministries: (see pages 54 and 55).
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Institution Courses offered Duration ofthe courser,

University of Post-graduate and Diploma

Nairobi courses in the following:

Agriculture - Master of Science 2 years
Medicine - e.g. Diploma in 2 years

Advanced Nursing
Land Economics - 3achelor of

Arts 3 years

Diploma in International
Relations 1 year

Diploma in Journalism 2 years
Post-graduate Diploma in

Education 1 year
Diploma in Adult Education

Kenya Institute Public Administration Between 3-9

of Administratio) months
Management Development Bet. 3-9 months
Courses e.g. Accountancy Bet. 3-9 months
Social Studies & Cooperatives 2 years
Training for Income Tax 3-9 months
Probation 3-9 months
Training of Personnel Officers 3-9 months
Store keeping 3-9 months
Any other courses necessary

for particular needs

Government Training Personre!. work

Clerical training
Coarses for chiefs
Training persons who train

clerks in the various
ministries

Medical Training These schools train
Schools in ',airobi parainedicals at different
and Nakuru levels

Kenya Polytechnic Mechanical Engineering
(Nairobi) Electrical Engincering

d Automobile Engineering
* General course in

Engineering
Aeronoutical
Telecommunication
*Building & Civil Engineering

courses
Public Health Inspector
Science:

General Certificate of
Education-Ordinary level

General Certificate of
Education-Advanced level

Laboratory & other technicians
Secretarial courses
Commerce courses
Professional courses
Printing
Instituticnal Manage:ent

e.g. catering &hotel
man.1agem e 1t _

Technical Teacher training
Special courses
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Institution Courses offered Duration of
the couL, C-S

Mombasa Polytechnic Pro-technician
Mechanical Engineering Technician
Electrical Engineering Technician
A.C.C.A. and A.C.L. (Accounts

Parts I & II)
Business Adlmiristration (Diploma

and Certificate2)
Mechanical Craft Practice
Building and Construction.
Book-keeping
E.A.E.C. Secondary Certificate
Higher School Certificate-
Advanced Level

Ordinary Technical Diploma
Motor Vehicle Mechanic
Welding
Technical Teacher Training
Statistics and unspecified

evening courses

East African Staff This institution trains senior

College management staff

Kenya Government These colleges train secretarial

Secretarial Colleges staff for the government and

in Nairobi and private sectors.
Mombasa

Ministry of Works This centre trains techr, iuns

Training Centre in and supervisors for various

Nairobi jobs they do for the government.

Ministry of Water This Ministry trains their
Development technicians for water development

Prisons Training Trains people to work in prisons

College, Langata at all levels.

The Police Training This college trains policemen

College at Kiganjo at all levels.

Criminal Investi- This school trains people

gation Department specifically for criminal investi-

Training School in gation work.
Nairobi

Egerton College This college teaches basic
agriculture, extens ion work, farm
management, agricultural engineering,
home economics and animal husbandry.

Agriculture Training These institutes offer the same

Institute at Embil courses as Egerton college but

and Bukura at a lower level.

Animal Health and This institute offers courses
Industry Training in animal husbandry.
Institute at
Kabete

Institute of Mass This institute trains technicians
Communication in for radio and television and it

Nairobi. also teaches newswriting.



56

In addition to the above types of training, there

are courses wlich ca;-not be conducted in Kenya at the same

or higher levels in the samae fields and consequently the

government of Kenya bends its employees overseas to train

in such courses.

Employees in the Industrial ar.d Private Sector 27

Employees who are not strictly government employees

.also have opportunity to train and up-grade their skills

:on-the-job. Thus there is also formal in-service training

programrmes for people employed in different industries

and. businesses in the private sector. The following are

at present in Kenya the registered private industrial business

and institutional organisations which offer 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 which 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 recognized by the government.

The eleven firins .named below train their employees for

3-5 years. About 350 people a year are trained by these

private firms. The East African Community organizations,

nmiavzed belo w also train about 200 neo nle every vear.
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28
The East African Com:nunit'r

Business Concern Type of Training Offered

East African Posts and Tele-- This school trains people in

communications at Mbagathi telephony and general tele-

Training School communication.

East African Civil Aviation This organisation trains people

at Wilson Airport and Emba- in engineering fields and of fers

kasi in Nairobi courses for secretaries.

East African Forest Research This organisation trains scientists
.Organisation at Muguga for research work in Botany, Cea . tr.

and other branches of science.

The East African Meteoro- This organisation trains its

logical Department employees in the field of meteoro-

Private Sector:Business logy and other related fields.

Concern: This business concern trains

* D.T. Dobie electricians and motor vehicle
mechanics.

Hughes Limited Motor vehicle mechanics
and electricians.

Westlands Motors It trains motor vehicle
mcchanics and electricians.

MarshallsLimited (East It trains motor vehicle mechanics

Africa) and electricians.

Construction Equipment This business concern trains

Limited motor vehicle electricians, diesel
engine mechanics and plant
mechanics.

Cooper Motor Corporation This business concern trains

Limited motor vehicle mechanfcs, electricians
and it teaches welding and
fabrication of motor vehicles.

Kenya Canners Limited This business concern trains
motor vehicle mechanics, agricultural
mechanics and electricians.

Metal Box Company This company trains people in
tool and dye making, and precision
mechanics.

East African Power and This company trains people in

Lighting Company electrical and mechanical trades.



Business Concern Type of Training Offered

.East African Oxygen This company trains technicians
Limited in the preparation, production,

and packing of oxygen or gas.

Craelius Terratest Company This company trains people in
drilling water holes or bore holes.
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For the purpose of this report, which 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 successfully with the entire process of

.piped water supply that is needed for the Kenyan 
population

at present and in the future. From this point of view,

it is reasonable to. note that certain types of training

offered by both the government and private firms. in Kenya

as indicated above would be useful .in the area. of water

supply and development, and for the operation 
of water and

sewage treatment facilities. Thus, courses in the fields

of Iechanical, Electrical, a.d Civil ehginecring and in

Building are very useful in this respect'. Similarly,

courses in general science such as Chemistry And Physical

Science are also useful for operators of water and sewage

treatment facilities. Kenya needs skilled people in all

the various fields stated above, and the related fields, in

order that some qualified technicians in these fields may

be able to operate water and sewage treatment facilities.

Other qualified technicians in these fields will be able to

do many other kindred jobs which need th6eir skills, in

other words these technicians are needed not only to do

jobs which pertain- to operation of water and sewage

treatment facilities., which is the concern of this report,

but also to do other jobs which need their skills.
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fTechnicians in Kera

A survey of training institutions in Kenya carried

out, between June 20, and August 9, 1975, and the report on.

the survey of industrial training institutions by the UNDP

and ILO in 1975, and the report on the survey of in-service

training programme by the Minis.rv of Labour, Kenya in

1975 show the status of available trained teclicians in

Kenya wiho are* semni-professional and skilled. These surveys

made it possible for Mr. Martin Godfrey, ILO Consultant,

to write a report on a long-term plan for ind..srial

traini.ng in Kenya in December 1975. Among other things

this report estimates the rate of increase 
in cutput of

qualified Kenyans in various occupational categories 
over

thu puriud 15 7 2 - 7 8. Thc rc1po t is th3 :. MI ' 1 + 1t - r

of Mr. Martin Godfrey together with the organizations

referred to above. These qualified tecimicians in the variovs

.occupational categories include technicians in. the 
field

of water engineering and their specialities ar2 included

in this report.

The following Table 13 is the status of Kenya

pertaining to semi-professional and skilled te. hnicians

in the vari6us stated fields during 1972 and :S,72-78

projections of output in selected occupation c=.tegories.

The table, therefore, shows the supply of qual-fied Kenyans

in the various occupational categories shown.-
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In Table 13 above "Colu.rnn 1 shows. the stock of

manpower in each occupational category as estimated 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".3-

Columns 4 and 5 contain the estimated additional

technicians during the period 1972-78 from, the training

institutions covered by the manpower survey of 1972.

Column 6 contains the estiimated supply of technicians from

sources other than the surveyed institutions. This column

contains some skilled workers who belonged to large firms

which do not send their apprentices to the industrial

training centres.

Column 7 contains the estimated wastage from the stock

due to retirement and death. According to the above
&.table, the average wastage rate is 51 per cent over the

seven years 'onsidered.

It should be noted here that the output figures

in columns 4-6 are net in the sense that I'if a,'killed

.worker completes a course at technician level he is added

to the stock of technicians but deducted from the stock

of skilled workers!'.
32

On the assumption of zero. Kenyanization we get in

column 8 a figure for total stock in 1979, and in Column 9

we get an implied anmual average rate of growth between
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January 1972 and January 1979.33

In Column 10 we subtract the number of non-citizens

shown in Column 2 to obtain stock in January 1979, and

annual average rate of gro.,th on the assurn ption of 100

per cent Kenyanisation in Column 11.

According to the figures in Table 13 above, "the

average annual rate of increase in the stock of all those

in occupational categories shown in Table 13 will range

between 2.5 per. cent and 4.2 per cent depending on the degree

of Kenyanisation achieved".34 This is 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 pipefitters 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 projections in Table 13 above are useful in identifying

categories of skilled workers and technicians which show

an exceptionally high rate of growth in supply vis a vis
35

*those which show an exceptionally low rate. For example,

.as can be seen in the Table, plumbers and pipefitters show

a high rate of increase whereas production supervisors/

foremen show exceptionally low rate of increase. Such'

comparisons show where there is need-for future training

and the nature of demand for skilled workers and technicians.
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In Kenya, the M1inistry of Water Dv-velopment in

conjunction with the Kenya Polytechnic and Mombasa Poly-

technic train water engineering technicians for Ordinary

Diploma in Water Engineering. At the Kenya Polytechnic

in Nairob. this training takes 2- years. The enrolment at

the Kenya Polytechnic in. Nairobi, from 1972-1976 was as

36
follows:

Year Enrolment ]
1972 17

1973 23

1974 18

1975 16

1976 21

The figures for the Mombasa Polytechnic for the

above respective years were not available at the time 
of

writing, but the total enrolment there for the Ordinary

Diploma in Water Engineering were not expected to be higher

than in the Kenya Polytechnic in Nairobi.

The courses taught for the Ordinary Diploma. in

Water Engineering at the Kenya Polytechnic are as follows:
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Building services and water supply

Civil engineering con-,truction

Hydraulics

Hydrology

Geology and soil mnchanics

Electrical. installation

Carpentry and joinery

Masonry

Mechanical workshop practice

Elementary quantity surveying

General studies

Mathematics and statistics

Land surveying

.Concrete technology

Properties of materials

Structures.

If all students pass, it is expected that 21 water engineering

technicians will be graduated from the Kenya Polytechnic

at the'end of 1976.

Table 13 above gives us an idea of the output of

.skilled workers and technici-ans in some branch of water

engineering. Examples from the Table show January 1972

stock, January 1979 stock if zero. Kenyanisation, January 1979

stock if 100% Kenyanisation and implied annual average

* growth rate of persons trained in some branch of water engineein

and in the respective areas as shoini below:



Table 14:

. iuary 1972 Jauary 1979 Implied annual January 1979 Implied annual
aeS kza growth stock if 100O average growthr, j , Sockstock if zerc aerg rate

tochnician) Kenyanizatio! rate Kenyanizatioa
_ %p.a. ) (p. a. )

:raugntsmen and engineering 6220

C Le n..icin 976 7517 620e c! --n] c i5 3 5 7 4 0 4 .76 12 .

Ve?,,sical science technicians 535 7

:!.zt atistical & mathematical 100 
78 fall

i tcch:niciansI0 -5

I'roduztion supervisors/fore- 

2747 fall

1-roduc 3152 3491 1.5 274

ach in4st/fitters, etc. 
2178 3117 5.3 2950 4.4.

Ke'hanics/repairmen 
1057 1430 4.4 1259 2.5

Electrical/electronics worker 
1720 2778 7.1 2498 5.5

1964.2 1692 1.8

'Carpenters and Joiners 
1488

* Stonemasons, bricklayers, etc. 
1610 1844 2.0 1588 fall

P-.nbers and pipefitters 
246 469 9.7 409 7.5

Sheet metal and structural
mejal workers 410 416 0.2 337 fall

T 1 2 64-- 6. . 20394 3.4^ l16 472 23898 6.4...
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The analysis in Table 1-4 above shows that the

impliod annual average growth rate of skilled workers and

technicians in some branch of water engineering from 19',2-

1978 is between 3.4 and 6.4 per cent depending on the dog:ee

of Kenyanisation achieved.

Demand for Techni clans for Construct ion, O-ceration and

Maintenfaco of V- c- er d Sew:age Tre.tm..nt Facilities

General Observation

Generally speaking, there is great manpower shortage:

in Kenya in the field of construction, operation and

maintenance of water and sewage treatment facilities.

Naturally, in the future, as it is now, there will be. an

increasing demand for technicia.ns in each job category

pertaining to construction, operation and maintenance and

other related duties, of water and sewage treatment

facilities.

In a survey carried out in 1975 by Martin Godfrey

he "assumed that the demand for middle-level technical manpower

in each sector will increase at the same rate as net output

in that sector, based on the further assumptions of no

significant movements in real wages relative to other costs

and no significant changes in wage differentials between

different occupations" 37

Using the above assumptions it was noted. in 1975

that demand projections for certain selected occuoational
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categories including those required for construction,

opertion and maintenance of water and sewage facilities

38
would show the following:

Table 15: Demand: Proisctions of Growth Rate for

*Selected Occuatcnal Categores

JanuaLrv 1972-Januaryv 1979

_er annum

Physical science technicians 8.1

Di' aught-men & engineering technicians 7.?

Statistical and mathematical
technicians '6.3

Secondary teachers, technical 7.0

Piroduction supervisors/foremen 6.4

Tailors, dressmakers, patternmakers,
etc, 6.5

Blacksmiths 8.6

Me cho-nic s/repairmen 7.0

Electrical/electronics workers 7.1

Plumbers and pipefitters. 5.4

Welders and flame cutters 7.1

Sheetmetal and structural metal
workers 7.1

Compositors and typesetters 7.6

Letterpress minders 7.6

Other printers etc. 7.6

Painters/signwriters 6.1

Carpenters/joiners 6.1

Stonemason/bricklayers, etc. 6.1

The reader should note the occupational categories

above which pertain to skills and technical knowledge which

are required for construction, operation and maintenance

of water and sewage treatment facilities, and what projections

of their growth rates are. Those occupations pertinent to
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this category as shov.m above are: physical science

technicians, draughtsmen and engineering technicians,

statistical and mathematical tecluiciass, secondary teachers,

technical, production suporvisors/foremen, machinists/

fitters etc., motor-vehicle imechanics, mecharuics repairmen

electrical/electronics workers, plumbers and pipe fitters,

we?.ders and flamecutters, sheetmetal and structural metal

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

From the above Table 15 it can be noted that the

demand growth rates differ from one occupational 
category

to another. For example, at one 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 only 5.4 per cent. 
It

should be noted. that for the economy of Kenya, as a whole

the growth rate for all categories is expected to be 
higher

than 5 per cent per annum as the following original and

revised projections of output growth rates for 1972-1978

sho ws. 40
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Table 16:
*Or.ginal and Revised Projections of Outout

Growth Rat.-s -72 -1978

1972-1978 Growth Rate of Out-out at Consant Pr ces

As projected As implied by
in Develop- November 1915
ment Plan Revision

% per annum % per annum

Agriculture, forestry
and fishing 5.5 4.5

Mining 15.7 14.0

Manufacture and repair 10.1 7.7

Construction 6.9 4.6

Electricity 8.6 6.1

Transport 7.2 4.7

Tradu 7.1 4.7

Other enterprises 7.1 4.8

Government 10.0 7.5

Gross Domestic Product
(at factor prices) 7.4 5.0

Supply and Demand

It is necessary to compare the projected growth rates

of supply and demand for the various cccupations, in order

t6 tget a rough idea of the occupations for which planned

local training provision appears to be adequate and those
41

for which it appears particularly inadequate". In order

to do this we compare the output as shown in Coluumn 1 of

Table 13 above (which shows January 1972 stock) with the

growth rates in demand of Table 15 above (which shows the

projected growth rates for various selected
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occupational categories). in doing this it should be noted

that "the larger the extent by which the growth rate in

demand exceeds that of supply the higher the ranking for

the occupation",42 which means that the occupation would

need more personnel as according to projections its supply

is inadequate.

Thus according to the above analysis we derive the

following ranking of occupational categories in order of

severity of projected shortage:43

Table 17:

Occupational Categories in Order of

Severity of Projected "Shortage"

1. Compositors and typesetters

2. letterpress minders

3. Sheetmetal and structural metal workers

4. Production supervisors/foremen

5. Statistical and mathematical technicians

6. Painters/signwriters

7. Stonemasons, bricklayers, etc.

8. Physical science technicians

9. Other printers, etc.

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 workers

18. Draughtsmen and engineering technicians

19. Plumbers and pipefittcrs
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It should be noted that the above analysis is a

macro-level analysis which attempts to identify training

priorities. It does rot take into consideration individual

occupations which may be subject to particular influences

not taken account of in the projections. 4 4 Consequently

such analysis should be supplemented by a detailed investi-

gation of the market for individual occupations. With

regard to occupations which pertain to construction, operation

and maintenance of water and sewage treatment facilities

some detailed (but not exhaustive) analysis concerning

some shortage and present status of establi'shed posts,

and jobs which are temporary and outside establishment

is shown on pages 73 -76). 4 5
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Personnel in the
Ministrt :. bli:hd Po3ts -

A-I a ar1~

Technical Branch

No. in post Vacancies

.yost Designation (authorizedes tabli. shment )_____

Chief Engineer (water) 2

Deputy Chief Engineer (water) 2

Scnior Superintending Engineer 1

Senior Superi.ntending Hydrologist 1

Superintending Water Eigineer (technical)

Superintending Engineer (mechanical) 0

Senior Chemist (water) 1

Superintending Geologist 2

Superintending Hydrologist 1

Engineers (w.ater) 8

Electrical Engineer 0 .

Senior Superintendent (electrical) 0

Engineer (water) 27

Engineer (mechanical) 1

Chemist 0

Chemist (water) 7

Geologist I 2

Engineer (Drilling) 0 1

Geologist II 9

Superintendent (Drilling, 0

Hydrologist I 2

Hydrologist 11 9

Staff Surveyor I 1

Senior Water Bailiff 1

Water Bailiff I 1

Water Bailiff II 5

Water Bailiff III 14

Senior Superintendent (water) 8

Superintendent (water) 12

Senior inspector (water) 27

Inspector (water) 85

Inspector (ground water) 7

Assistant Hydrologist 11 4

Assistant Hydrologist III 12

Computing Assistant Hydrologist 2

Hydrology Assistants 14

Senior Assistant Hydrologists 3

.Senior Supcrintendent (mechanical) 1

Superintendent (mechanical) 3

Senior Inspector (mechanical) 3
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Post Designation i 'o~in post

(authorizedestablizhment)

.Senior Inspector (electrical) 1

Inspector (mechanical) 6

Mechanics 20

Senior Draughtsman 1

Draughtsm.an I 2

Draughts'can II 2

Draught s::-an 111I 7

Assistant D:aughtsman I 1

Assist)nt Draughtsman II & III 5

Drilling Inspector I

Photoprinter I

Inspcctor (mechanical) (drilling) 1

Inspector (building) .2

Surveyor Assistant 1 1

Surveyor AssistaIt II 4

Surveyor Assistant III .4

Junior Survey Assistant I 1

Junior Survey Assistant II and III 10

Plant Operators, I, II & III l

Drivers 3131

Hydrologfy Assi stants .72

ArtisEas (building) 12

Painters, masons, plumbers, pipe fitters
etc. 65

Technical Assistants (water) operators "107

Technical Assistants (water) 44

Water bailiff Assistants 1

Water bailiff Assistants II 8

Water bailiff Assistants III 37

Instructors III 0 2

Total 838

Administration

Ministry of Water Development 1

Assistant Ministers of ater Development 2

Permanent Secretary . 1

Deputy Permanent Secretary 1

Under Secretary

Senior Assistant Secretary 1

Assistant Secretaries 2

Executive Officer II 4

Executive Assistants 4

Bursar 1

Accountant I 1
Accountant II 1

Accountu Assistants 4



No.in post Vacancies

Post Designation (authorized

establishment)

Supplies Officer 0

Supplies Officer Ii 1

Supplies Assistant 1

Personal Secretary 4

Short hand typists 16

Copy typists 18

Clerical Officer (salary scale D) 1

Senior Clerical Officers 2

Clerical officers (salary C-E) 4,0

Storemen .9

Telephone Operators 3.

Househeeper II 1

Cooks 2

Subordinate staff 303

Total 426

Mombasa

Chicf Engineer (water) 1

Deputy Chief Engineer 0 1

Superintending Engineer 0. 1

Engineer (water) I 0 1

Superintendent (mechanical) 0 1

Senior Assistant Telecommunication
Engineer 0

Engineer (water) II 0

Water Bailiff II 1

Water Bailiff III 1

Senior Superintendent (water) 0

Superintendent (water) .1

Senior Inspector (water) 2

Inspector (water) 6

Artisan (building) 2

Water supply-operators 5

Hydrology Assistants 5

Meter readers 10

Ilechanics 1

Drivers 23

Subordinate staff 90

Total 155



76

Post Designation No.in post - Vacancies
.ot;e.aton( authorized

* •establishment)

.- Administration

Administrative Manager 0 1

Chief Accountant 1

Senior Accountant 0 1

Senior Supplies Officer 0 1

Executive Officer I 0 1

Supplies Officer II 2.

Supplies Officer I 0 1

Personnel Officer I 0 1

Finance Officer I 0 1

Accountant (Grade I) 2
.Accounts Assistant 4

Executive Officer II 1

Persona]. Secretary 1

Shorthand Typi sts 2

Copy Typi ts 1.

Clerical Staff 10

Total 31

Jobs Outside Establishment- Augmst 1976

In addition to the established posts indicated.

above, existing in the Ministry of Water Development there

are jobs existing outside the establishment. The following

are the jobs with the total number of employees in each

category (see pages 77 - 79).
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Nairobi_1!cdcivtnter n

Job PDscr-Otifln Number P.;nmloved

Clerical officers 31

Junior clerical officers 8

Charge Hand 1

Storc'nen 10

Copy typists I, II & II 8

Drivers (grade 3) 95

Subordinate staff 322

Yech-nics 34

Water .Baili.ff A ssistants 18

llydrology Assistants (grade III) 4

Laboratory Assistants 2

Drillers 
11

Artisans (masons, carpenters, plumbers, pipe
fitters etc.) 103

Plant operators 
31

Total 678

Coast Province Ll ombasa)

Drivers 
15

Clerks- 
44

Shorthand typists 
1

Pillo fittu,,.: 
2-0

Field Assistants 
6

Charge hand 1

Draughtsmen 
"2

Copy typists 7

Artisans .25

Water supply operators 45

Telcph.one operators 
2

Mechanics 10

Storemen 4

Mete Readers 3

Subordinate staff 524

Total 718.

Rift Val- ey Province

Telephone Operators 
1

Motor vehicle inspector (mechanic) 
1

Motrr vehicle mechanic (grades I & II) 9

Drivers I & II 14

Copy typists (grades 1-'-3) 4

Subordinate staff .159

Clerical staff 
10

Storemen 4

Water supp.y oprators 23

Field Assistant3 1.

Meter reader 2

Water Bailiff assistnit ].



Western ]lrovince Num.er Ernov

Subordinat e staff 142

Drive:s 
10

Motor vehicle mcchanics 2

Copy typi.sts 3

Arti sans 9

Cleri.Ca.1 staff 5

Storemen 3.

Water supply operators 9

Pump Attendants. 1

Total 182

Eastern Province

Clerical staff 9

Water supply operators 21

Copy typists *2

Water bailiff assistants 1

Artisans 11

Drivers 5

Storemen I

Subordinate staff 145

Total 195

North-Eastern Province

Clerical staff 2

Drivers 6

Artisans 5

Water supply operators 4

Storemen 1

Motor vehicle mechanics 2

Subordinate staff 49

Total 69

Nyanza Province

Clerical staff 12

Hydrology assistants 22

Copy typists 4

Storemen 4

Water supply operators 19

Drivers 9

Motor vehicle mechanic inspector 1

Motor vehicle mechanics (grades 3-3) 3

Artisans ).6

Telephone operators *2

Subordinate staff 226

unmp attendants 27

Total 345
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Central Prcvince Number .i-]o2 a

Cierical Staff 3

Motor vehicle mechanics 2

Artisans 9

Water supply operators 14

Copy typists 4

Drivers 1

Storemen 1

Subordinate staff 149

Total 183
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The above totals show that there are 1,4.50

established posts and 2,611 jobs which are currently filled

and performed by persons who are outside the established

posts, in the Ministry of Water Development.

An analysis of some 1,046 authorized posts in the

establishment in the Ministry of Water Development shows

that for the year 1975-1976 there were 756 persons employed

in these posts and that there were 290 vacancies to be filled.

The Ministry of Water Development has been able to fill 10

-of these vacant positions. But the remaining .90 vacant

positions have been frozen for lack of money. This is a

problem that has affected the whole Republic of Kenya. All

vacant positions in the different ministries in the government

have been frozen due to inflationary trends in the country.

An example from the Ministry of Water Development showing

vacant positions in the establishment which cannot be filled

because of lack of money is analysed below to indicate the

various posts affected and the amount of money lacking to

make recruitment possible: 4 6 (see page* 81).

With respect to scarcity of funds necessary for

recruitment of the needed staff it should be observed that

the salary scales for the above named posts are as follows

in Kenya pouds per year (see page 83).



Table 18 .

Ministry of 'ater DevelopmentVacanr, '-,-)s s ['nr . 'e a !,5 -1976

Post Designation GJob Auth. In-post Vacancies Money
roup Estab. neede c

K..f:.

eputy Chief Engineer N 2 2,928
enior Sup~erintend'ent

Engineer N 3 1 2 5,023
Senior Superintendent
Hydrologist M 1 - 1 2,5].4

Superintending Engineer L 16 7 10 20,100

Su erintending. Engineer
(me chanical L 1 - 1 2, OlO

Superintending Geologist L 2 1 1 2,010

Engineer Water :C K 27 7 20 32,280

Engineer Water II J 27 ... . .

Electrical Engineer K 1 - 1 2,010

Scnior Superintendent
Engineer K 1 1 1.,614

Chemist (water) K 1 1 1,61.4

Drilling Engineer K 1 - 1 1,614

qeologist II J 11 9 1 1,350

Water Bailiff I J 2 1 1 i.,350

Water Bailiff 11 H 13 8 5 4,530

Water Bailiff III G 15 14 1 804

Inspector Building G 3 2 1 804

Senior Superintendent 8 5 8,070
(water) K 281

Superintendcht (water) 13 19 17,550

Senior Inspectors (water) if 193 27 16 17,376

Inspectors (water) G 1 85 '45

Senior Inspector
(6iechanical) H 4 3 2,172

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 Assio.tant III G 9 4 5

Economist/Statistician J 2 - 2 2,700

Executive Assistant G 4 2

Accountant I UT) 1 1
Accountant II H ) 23 2 2
Accountant Assistant G. 2 1

Supplies Assistant G 2 1 1

Personal Secretary H 7 4 3 4,344
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Job Auth. t Mon .

Post DJesigniation Group Estab. In-post Vacancies , .ee,

Senior Clerical Officer F 11 -- 2

Storcman III D 1 1

Laundryman D 1 1

Senior Inspector H 2 2 2

Cook grade I C-D 3 - 1

Artisan (Building) C-E 26 23 3 1 00

Technical Assistant
(Water) C-F 336 334 2

Driller I (Mechanic) F - - 1

Assistant V. Mechanic C-F 29 20- 10

Assistant Draughtsman I F 6 1 5

Assistant Draughtsman I D ) 5 .1

Assistant Draughtsman III C ) 4

Drivers C-E 164 138 31 2,970

Total 1104.6 756 290 147,22::5
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Job Group

M K.£2514x9O- K.P2604xlO8 - K.L30"36 p.a.

K.£2928x1O8 - K.E3l44xl3 2 - K."5540 p.a.

L K..20lOx72 - K.E2154x9O - K.£25!4 p.a.

K K.,-l614x6O - K.£1794x72 - k.a2082 p.a.

J K.£1350x48 - K.g1494x6O - K.X1794 p.a.

H K.£1086x42 - K.X1254x48 - K.P1446 p.a.

G K.£804x3O - K.gP864x3 6 - K.£I04-x42 -

K.I036 p.a.

F K.i594x24 - K.£7l4x30 - K. 834 p.a.

E K.£489x21 - K.g594x24 - K.£690 p.a.

D K.£369xl5 - K.£399xl8 - K.£489x21 -

K.£531 p.a.

C K.£276x12 - K.£324x15 - K.£399 p.a.

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

to cy 'car "ron i ted established posts which

are now vacant and which cannot be filled because of lack

of funds. This amount of money which shows a "reduced"

estimate of the total anount needed to employ 
enough skilled

staff to operate and maintain water supply is an indication

that the smooth operation and maintenance of water supply

is seriously interfered with without the services which

should be rendered by this lacking number of staff (a total

of Z90) as indicated by this sample analysed 
here.

Financing Water Supoly Administration, Oeration and Mainnanc

Mr. Farrant, whose work in the Ministry. of Mater

Development is concerned with operation 
and maintenance of

water supply treatment facilities, has 
shown that there

will be national cessation of water supply service in Kenya
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within 13 months from May 1976, if no action is taken to

correct the present policy.4
7 This prediction emanates

from the long term objective, the development programme,

the populaticn served and the recurrent funding need.

There is a crisis in water supply in. Kenya today

becausB "the actual provisions fall below the desirable

,levels".48 Farrant attributes this situation to absence of

, policy for vater supply management appropriate to its unique
49

nature of a commercial enterprise of producing and selling.

I:e adds that a change of policy is necessary and that that

change of policy must be gitven practical effect.

The reason for the crisis in water supply according

t o th c a t or D c a-r t cn i Th of ~r 10f w in a , o ia 0f fun I

offered for administration, operation and maintenance of

water supply facilities. A change in the recurrent funding

policy for water supply is necessary in order. to make water

development dr-ive possible.

The Kenya Treasury has provided an estimate of between

some E 250,000 to F 300,000 for water supply administration,

operation and maintenance for the financial year 1976-77.

The Water Department estimates that this amount is about 20%

short of the satisfactory amount.

It is to be noted here as observed by concerned personnel

in Water Department in Nairobi that "a given level of water

supply service requires adequate annual provision of labour -



skilled ad semi-skilled, fuels, chemicals, transport.

miscellaneous materials and equipment, supervision and

administrative services". 50 Thus if a good service is 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 the Kenya government has contracted with foreign

governments for obtaining aid for water development programmes,

one of the conditions is that the Kenya government shall be

solely responsible for the funds required for operation of

such vrter developient programmes.

From the point of view of the government, which

provides water for public consumption, 'in order that the

cost of provision of water may be economic, "the price of

water is fixed.at a level which produces an income sufficient

to cover a predetermined portion of total cost, including

developmeiit". 5 1 " Ideally,, the price should be governed "partly

by the need for the lowest income groups to benefit from the

supply",52 and consequently the price may no't be made too high.

The personnel in the Water Department observe that

"restriction of water productionby limitation of funding

will reduce water revenue and will often actually increase

net expenditure - which is surely the quantity which we

53tihould be-most concerned to reduce". It is furthier observed
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that as more people are served, more of each of the several

inputs, such as labour - skilled and semi-skilled, fuels,

chemicals, t,.ansport, miscellaneous materials and equipment,

and supervision and administrative services, is needed, 
and

this would increase, the actual expenditure, but it would 
also

produce more income.

Experience in the Water Department shows that increases

in personnel for water supply and related services can be

made possible only by increases in fund estimates made for

personnel outside the established posts in the Ministry of

Water Development, as the personnel in this portion constitute

60 per cent of the total. The pr6vision of these fund

estimates for the personnel outside the established posts

is necessary for the water works to be run effectively.

The Effect of Water Supply Develonment on Recurrent Exuenditure

Need

An attempt has been made to show approximately

a statistical relationship between the capital value of water

supply installations and the running expenses. It is possible

to show this relationship in a situation where there are

"a large number of supplies of the various kinds where the

'average' supply does not vary greatly.
'54 (It is -important

to note that "there is no inherent relationship between the..

capital value of the installations and the running expenses

because supplies vary widely".55
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One method, used by A.E. Farrant, to show the

relationship referred to above is the multiplicaticn by a

certain factor of thi installation "asset value". "As the

asset value grows over the years through development carried

out and completed, so does the recurrent cost. From the

Development Estimates year by year are thus derived the

desirable operation funds. The factor selected 0.04 is a

rounded figure based on the relationships between asset

values and recurrent funds when the latter. were relatively

satisfactory".

Farrant also observes that although there is no

inherent relationship, a forurala may be used to connect

population-served with the recurrent Ibund need. A. statistical

formula in this respect may be shown when the number of

supplies of the several types and sizes is large enough as

it. is in Kenya. The method referred to here "was adopted

by the W.H.O. Sectoral Study on Community Water Supplies in

1972 as a means of projecting recurrent finance needs up to

the year 2,000. Population-served projections by year are

made on the basis of development programme designed to reach

the century-end target of water for . everyone. These are

multiplied by a per capita annual cost to give the required

recurrent funding. The dnit cost calculated by the ,Sectoral

Study in 1972 was shs. 15/- but longer experience has

indicated that this is a high figure and that one of shs. 15/-

at that time, corresponding, to shs. 9/- today is sufficient".
57
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"A third instrument is to derive as accurate

figures as possible for actual fund issues plus those used

to counter the shortages (in earlier years shortages were

insignificant). Owing to lack of cost analysis it is

impossible to be precise in this", ....... nevertheless

"approximate allocation of administration/supervision and

personnel costs based on "weighing" of activity levels

has therefore been used".
58

Thus the above three methods have resulted in the

following forecasts of population, installed water supply

assets and recurrent water supply costs in Kenya (excluding

the Coast Province) between • the year 1970 to 200059 (see

Table 19).

The Effect of Inflation

It is to be noted here that "since the escalation

of oil prices aommenced in late 1973, there have been

accelerating decreases in the purchasing power of the

currency relative to world water supply materials and

equipment prices as well as corresponding increases in local

salaries and material costs" This inflationary trend

shows -that today there must be substantial increases in the

funds required to operate and maintain a specific water

supply.. It is noted that for the future years it is assumed

that there will be a constant overall rate of inflation of

10% per annum.



Tale 19. Forecasts of Population, Installed Water Suonlv A:-.sets. Recurrent Water Suvo1v Costs
(:"XCJ.uQdf.. . Coastj - iOC -M

At 1976 Monetary ValuerYear To tal fPop,.lation Installed IRoligh Fstimatled Recurr-ent Cost Actual Allocation
Population served by water supply humrber Popul tion Asscts Xtater Assets of II

department Supplie3 factor factor i

Millions) millions) (Z millions) (Z millions) (Z millions) (, millions)

1969-70 1.0 1.0 20 72 15 0.75 .04 0.79 0.78
1970-71 11.40 1.05 21.05 76 , 0.79 0.80 0.83
1971-72 11.80 1.35 22.75 92 0.86 0.86 0.91
1972-73 12.20 1.25 25.00 112 .0.94 0.91 0.99
1973-74 12.65 1.40 26.90 132 1.05 1.00 0.94
.974-75 13.10 1.60 30.15 147 1.15 1.07 0.96
1975-76 13.55 1.80 34.75 185 14.00 1.26 1.20 1.04
1976-77 14.05 2.10 39.90 220 1.47 1.39 1.12
1977-78 14.55 2.50 46.30 255 1.75 1.60
1978-79 15.05 3.00 53.50 300 2.10 1.85
1979-RO 15.60 3.60 63.50 . 360 2.50 2.14
j9plo-SI 16.15 4.20 80.00 430 .14.00 2.90 .038 2.42
19ai-32 16.70 4.90 100.00 510 3.40 3.04
i'02-83 17.30 5.70 120.00 600 4.00 3.80
1983-84 17.90 6.60 140.00 700 4.60 4.60 -

3-11-8 5  18.50 7.50 160.03 800 5.30 5.30
Par5-e6 19.15 8.40 180.00 900 5.90 0.36 , 5.80
9,6-87 19.80 9.30 20C.0O 1000 6.50 6.50
V 20.45 10.20 220.00 1100 7.20 7.2C
19- 9 21.15 11.10 240.00 1200 7.80 7.90
.,_1-90 21.85 12.00 260.00 1300 8.40 8.60
,990-91 22.55 12.90 280.00 1400 9.00 9.30

.199-92 23.30 13.80 300.00 1500 9.70 10.10

!9-2-93 24.05 14.70 320.00 1500 10.40 10.0
19)'-14 24.80 15.60 340.00 1700 11.00 11.50

1994-95 25.55 .16.50 360.00 1800 I 11.60 12.20
11995-9 6  26.35 17.40 3Q0.00 1900 12.20 13.00 -

!9,6-97 27.15 18.30 400.00 2000 I 12.80 13.70
; 997-98 27.95 19.20 420.00 2100 13.50 14.40
1i9i -99 26.80 20.10 440.00 2200 14.10 15.10
11933-2030 29.65 21.00 460.00 2300 1 14.70 15.80

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_ _ _ _ _ _ _ _ _ _
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Asset values of installations shorne in T@0ble 19

"are given in terms of present day cost of constructi n,

all the existing installaticns, as they stand, without

deprec"ation It is here, a surned that a supply is in

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

Population figures shown in Table 19 are reasonably

reliable up to the year 1980, according to the Sectoral

Study findings. The overall population increases in Kenya

is taken as averaging about 3.5% per year and local

variations are ignored because these are not' knoi n from year

to year. Thus the figures for population served in any

year are regarded as reasonable approximations gided by

round figures produced by project investigations.
6 2

Table 20 below shows "the rises since 1970 in prices

of some typical materials and equipment, in electricity and

in salaries".6 3 From these rises in prices "a watei'

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 January 1 76 .representing the

year 1975-76".64



Table 20: Inflationary Trend in Vater Supply Operaticn and Maintenan ce

(i) Indices for Various Cort ""ind by Years

69-701 70-71 '1-721 72-,3 173-74 74 -7 75-76 IPcrcentage of

___________I__ I970 1-1 1-2f~ J~~ whole

Labour (average) 100 100 ]12 112 130 130 152 30

jDiesel 100 100 100 112.5 171 197.5 226 18

E1:'tricity (tariff 3) 200 100 117 125 175 206 206 12

Chemicals 300 101.5 101.5 101.5 144 216 216 7

*.eters 100 102 105 103 156 173 199 10

Piping (steel) 100 106 114 124 155 .149 162

Piping (P.V.C.) 100 100 122.5 160 234 234 234

Engines 100 116 135 142 153 171 225

Prips 100 112 143 148 150 248 270

[imber 100 116' 121 121 141 165 183

ement 100 107 119 132 145 156 172

vera!_._ I -00 10 125 137 1 160 185 20a 10

*.iscellaneous purchase 1 i 1
of uniforrs etc. 200 ] 0 l 1s0 I _O_ _O

~(2) Cn~iW~t ~ of *'"r'for *Jat', -v '~v~ 0--r~tin '- intnrtrce Chanimn r~r.v

Labour x'.3 ............. ..... ' 3.6 3.6 "9.0 •'9.-0 15).5;6 ..........................

oiesel x .18 - - 2.2 12.8 17.5 22.7

Electricity x .12 - - 2.0 3.0 9.0 12.7 12.7

hemicals x .07 - 0.1 - 0- 3.1 8.1 8.1

*-cters x 10 - 0.2 0.5 0.8 5.6 7.3 9.9

Equipment x .13 - 1.3 3.2 4.8 7,8 11.0 14.0

.liscellaneous x .10 - I 3.o 3.o 3.0 5.0 8.0

Average 10 1. 122.30 r;. 3 1170.6 1-91.0 I
Year J69-70 70-71 71-72 172-73 17---. i 74-75 15-76 1

Frescnt valu2 of 191 187 170 1 162 127 112 110 Computed
jeurrency 1190 185 170 1160 I130!i 112 100 Rounded
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It should be noted from Table 20 above that

when the overall cost of operation and maintenance of water

supply is considered on the average, the following distri-

bution shows the share that goes to each of the factors

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 13 per cent

Miscellaneous 10 per cent

Considering the inflationary trend noted above

together with other factors ;ertainin -to .-.atcr o upp]y

assets, management, operation and maintenance, projections

of development costs and consequently of funds needed for

water supply services iii Kenya, taking account .of the

present monetary 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

management, operation and maintenance funds showrn in Table 21

"are based on discussions with the Treasury", and it i.s

observed that "unless there is a change in policy the increases

appear only likely to cover inflation and hence unable to

cater for any growth at all".66



Table 21: Water Su~1y Develonment Funds. Assets and Managenent. Oeration and Maintenance unds (CGross)
9190"-0 in.3anuarv 1 I~b i oneta2y Values in Kenya ounds

Ynflation Rural Net Total 1975 Actually provided (inflation corrected)IYear 1~fato Uran -ua .- I mtOertoa intenance

Factor Development Development Assets Assets ! Assets I.a-anagerent, -and Mai

I i ctor Fund I ads taken (estimate, x .04 Funds
a •e I !' anagemncn
oIer I ___ __Urban Rural ;7ctia Total

1969-70 1.90 200,000 200,000 20,000,00(000 620000 160,000 7S0,000

11970-711 1.85 300,000 1,200,000 - 21,500,00C 800,000 670,000 - 160,000 83O,000

1971-72 1.70 130,000 1,120,000 - 22,750,00( j 860,000 580,000 160,000 170,000 910,000

1072-73 1.60 150,000 2,100,000 - 25,000,00C 910,000 620,000 190,000 180,000 990,00
I l -73-74 1.30 200,000 1,500,000 200000 26,900,0C 1,000,000 550,000 190,000 200,000 90,00

126,10,00 30,50,0 1,070,000 520,000 220,000 220,000 960,000

1973-76 1.0 1,200,000 3,400,000 80,000 34,750,00(h,200,000 530,000 270,000 240,000 1,040,000

1976-77 0.9 1,200,000 3,750,000 200,00039,9o00,ooC 1,390,000 565,000 297,000 260,000 1,122,000

1977- 0.8 1,400,000 4,800,000 200,000 46,300,00C 1,600,000

1978-79 0.72 1,500,000 5,500,000 200,000 53,500,00C 1,850,000

1979-30 0.64 1,800,000 6,000,000 200,000 63,500,00C 2,140,000
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The development costs for rural and urban water

supplies as shown in Table 21 above are based on the

Sectoral Study predictions '"but corrected for intervening

inflation (X 1.7) plus project sophistication increase lhich

has become standard since those times, say 20% average".
67

The original figure was E. 220 million, but when a factor

of approximately 2.0 is applied to cover intervening inflation

plus project sophistication increase we get £ 440 million

.(+F 20 million baseline 1970) as the total investment

(1976 values) for all Water Department areas in Kenya other
68

than Coast. Farrant, of the Water Department in Nairobi

observes that the actual magnitude of the funds required

for water development may be up or down 251S from the amount

indicated above (M. 440 million + £. 20 million baseline
I T(V ) 17t 'n i r: ri v ry, * r ,o.4" + m+i- -, , -c,4-Y -, -n-r-

needed funds for development, especially for the years

immediately ahead.

It should also be noted here that as the number

of water supplies per unit area increases overheads and

servicing of various kinds per unit installation will decrease.

It is estimated that the amount of reduction in cost in this

respect may be up to 10%, and this reduction ha" been incor-

poi'ated in the long-term recurrent costings.



Seweraac and "Miscellaneous" Costs

Cost heads of sewerage and "miscellaneous" are at

present minor. Sewerage and miscellaneous costs have thus

far not yet experienced serious difficulties. "Sewerage

in particular has yet to establish a firm pattern of growth

and operation and maintenance responsibilities are yet to

be clearly determined", according to A.E. Farrant of the

Water Department, Nairobi.

However, as opposed to a few years ago, sewage works

are now overloaded in urban areas because of too many people

who now reside in Kenya's urban areas. Sewage treatment

facilities in urban areas originally were not provided for

as many people as now need these facilities.

Specific Problems Pertaining to Construction, Operation. and

Maintenance of Water Sumoly and Sewage Treatment Facilities

As has been pointed out above, due to a rapid

increase of population in urban areas, sewage works are now

overloaded. It is also observed that the designs of sewage

works are not very good to begin with, but that now sewage

conditions are better designed than before. Observation and

a recent study by the author pertaining to sewerage shows

that water closet is suitable for large towms and pit latrines

are recommended for smaller towns and rural areas. The

author observed that.in towns persons of different socio-

economic class use different types of sewage or waste water

facilities. A larger proportion of persons of a high socio-

economic class vis a vis those o.f a lower socio-economic
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class - use water closet and a larger proportion of persons

of a lower socio-economic level use pit latrines. A study

of water usage in the towns of Mombasa, Kisumu, and Nyeri

analysed in chapter 5 correborates 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

recurrent costs. Only in urban areas do we find economic

water payment. This means that if treated water is provided

to the entire population of Kenya by the year 2000, the

majority oL KeuyAu 4 u r, ... & "'h- l'.' . rl re

(at present these account for 90% of the population) will

be paying water at subeconomic rates.

Construction of Facilities for Water Supply 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. But Kenya has the

capacity to construct the facilities for water supply and

sewage.
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Financial Problem

Generally speaking, there is inadequacy of manpower

in both water supply and sewage works. At some stage of

water development in Kenya there may be financial p-'oblem

as the foregoing analysis pertaining to shortage of manpower

due to lack of funds has shownm (see Table 17). The cost of

water supply compared with the capacity to finance -,hem

is too great in Kenya today as pprsormel 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

c:°orag: cost a Ict cf mcncy. The -'n_ y fcr c;ration ,

.maintenance comes from Kenya, not from outside donors.

The cost of construction of water and sewage treatment

facilities is met by Kenya and also by loans and grants from

external bilateral and international organisations. The

proportion contributed by both varies with different cases.

Another aspect of the financial problem facing the

Ministry of Water Development is that concerning recruitment

and retention of staff for the work pertaining to water

supply and sewage operation, maintenance and administration.

Government salary scales are not attractive enough to recruit

and retain staff in the higher as well as in the lower

echelons.
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It should be noted here that since 1970 when 
a

definite plan for vater development v as launched, 
until

1973 the funding for water development approximately

coincided with the computed needs.
69 The computed needs

were approxi.mtely met until 1975. But the beginning of

1976 saw deficiency problems which have 
embraced major

laying off of labour, re-allocation and recharging 
of

recurrent costs to suitable development needs (e.g. 
Minor

Augmentations) .70  This trend is continuing unless adequate

revenue is allocated for administration, operation, maintenance,

and construction of water supply and sewage Works.

Revenue

Farrant in his paper on Water Supply Administration,

Oeration and Maintenance has advised the Kenya government

that by increasing revene (reasonably) the recurrent 
cost

is decreased. This must be done if the present water

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 everybody in Kenya by the

year 2000 must be abandoned.

• Repayment of Loans.

Any loans that the Kenya government has received

from external bilateral and international organisations
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beginning 1970 for water development should be repaid

from the beginning of the year 1980. Thus ten year period

of grace has been given. Beginming 1980 repayment of

loans and interest charges will have to be met within a

period of 25 years. The calculations which embrace a

25 year repayment period and soft-loan terms of 2 -per cent

have been used and shown in Chart 1 in this report.

The calculations show that the interest charges would

reach "an annual level of C 20 million at the year 2000

if the development costs suggested in the 10 year period

prove realistic".72

Expenditures

IThp fo1lro,&- .q I ia tota! exp nditvc on

water development and related services by the Central

government and other public authorities since 1971 to

1976.7 3  These expenditures include the Coast Province

of Kenya hitherto not included as in Tables 19 and 20

above:



Table 22: Central Government ana Cther Puo.._ic Authorit. y Develoment Expenditures.
on Water SuLxplies and Related Services 1971/72-1975/76

1971/72 1972/73 1973/74 . 1974/75 . 1975/76

Ministry of Water F1,402,000 £2,375,000 E2,912,000 £4,579I000 £8,759,000
Development

4Mombasa Pipeline
Board £ 123,000 £ 264,000 £ 333,000 £ 474,000 £ 840,000

0

Other Ministries £ 102,000 £ 89,000 £ 191,000 £ 155,000 £ 123,000

local Authorities £1,652,000 £2,086,000 £2,482,000 £1,331,000 £2,188,000

Total £3,279,000 .£4,814,00 £5,918,000 £7,039,000 £11,910,000
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The above figures show a substantial increase in

Public expenditures on water development from ':.L 7.9

million in 1974/75 to K.£ 11.9 million in 1975/76. This

increase shows the government's determination to provide

water for the whole nation as soon as possible. "Of the

183 water schemes under the control of Ministry of 
Water

Development, 80 are located in rural areas and this number

is expected to increase in future years". 7 4 (see next

page for Table 23).

The figures in Table 23 show that the total outlay

of development expenditure undertaken by the Ministry 
of

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

in 1974/75 to K.i 8.76 million in 1975/76.75

Almost 50 per cent of the Ministry of Water

Development's expenditure is earmarked for specific provision

76
of water supply in the rural areas.

Table 24 is the provincial distribution of rural water

Supply projects being undertaken by the Ministry 
of Water

77
Development. (see page



:able 23: Deveiopmer-t Exoenditures for Water Su=Ti6s and 
Relates Services by the

Ministy of Water Devel-r- ert. '1971/74-1975/76 (in Kenya -"

1971/72- 1972/73 1973/74 1974/75 1975/76

K.£ K.£AC K_._ __ _ K. K.E

Urban Water Supplies 208,000 180,000 45,000 452,000 1,495,000

Rural 'dater Supplies 654,000 1,292,000 1.141,000 2,300,000 4,192,000

Water Resources Surveys 11,000 80,000 138,000 267,000 578,000

Lake Victoria Hydro- 342.000
meteorological Survey 46,000 50,OOO 52,000 57,000

Dam and Borehole 0

Subsidies 8,000000 00 105,000 174,000 290,000

Livestock Development 392,000 282,000 450,000 779,000 976,000

Project Rarqge Water

Miscellaneous
Programmes 83,000 483,000 981,000 550,000 886,000

Total 1,402,000 2,375,000 2-9i2,000 - 4,579,000 8,759,000
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Tab].e 24:

.Rur.-1 Water Swir:]. Proiect Schemes Onerational
Or lxr: .. c : - o b; ra tio -j, a

func 9. 'f4. 419 aD,d !.,:I

Jine 1974 June 1975 Ju. 1O?6

Province ]un e 197

No. Cost No. Cost No. Cost
. K.£ K.f K..C

Ccntra! 5 606,000 7 998,000 8 1 , c,0. 000

Coast 8 202,000 11 345,000 10 181,000

Eastern. 12 203,000 12 203,000 16 532,000

North Eastern .7 37,000 11 84,000 10 136,000

Nyanza 7 292,000 12 605,000 12 605,000

Rift ValIcy 21 245,000 26 363,000 31 6741,000

Western 3 115,000 5 339,000 6 575,000

Total .63 1,700,000 84 2,937,000 93 5,983,0C0

of rural schemes completed or currently nearing completion

under various programmes increased from 63 in 1974 to 93

in 1976. It is expected that rates of increase for the

number and valde of projects as indicated here are likely

to continue in the years to come.

In the rural 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 com-tributed by local participants were as

78
follows:,



Year Value of Sch.mes Proportion from Beneficiaries

1971 K.E, 233,000 64.4 per cent

1972 K.£ 905,000 79.5 per cent

1973 K.L 260.,000 81.2 per cent

1974 K.Z 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 contributed in each of the respective

years shorn above. As was pointed our in Chapter 1,

±i c 1 rta,. rn be Dy t. overrm.c.l ar.( the s o o0le

themselves reduces government expenditure a great deal

in an affort to provide the populace with water supply in

the rural areas.

Develonment Exnenditures for Water Supplies and Related
Services by -ne .*i--listr, oi WaJe oev -L-cen Jo... m:a
wih.e .. .. . :. n Saie -I aer a
and Refuse p-ie::ovaI " c Dy -a.

Perhaps a comparison of development expenditures for

water supplies and related services and the revenue received

from people who utilize such services by paying for them

may show 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 shovn below

for the years 1971 to 1975: 7



Year Revenue fro, -d
Year Revenue frorS ,ale of Development E:,:pidj....

,a, er ard o,.,_.e a.d for Water SU.p] j.aeS andRefuse Rmoval Clirgs Related Ser.jne: by the
in Urban Areas Mini s try of 16,ater
(Munmic J.paliics) D evelo om on t

I .£ ____K. £
1971 2 804 000 208,000

1972 3,351,000 180,000
1973 3,219,000 45,000

1974 3,816,000 452,000

-975 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 be noted

that the development expend.i.1-o.res Shown abov-e may not have

included certain expenditures concerning salar es and wages

and other important incidental items in operation and

maintenanne of water supplies and sewerage. Nevertheless,
it can be observed from the above figures 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 their water supplies

because their incomes are not high enough.
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Lack of Trained Siilcfl ar)(1 Tec!hiiical Workers

As pointed out earlier in this report, Kenya lacks

trained skilled and technical workers in many fields such

as automotive, mechaicai, electrical and building trades

to mention a few outstaldin- examples. It has also been

pointed o2t that the Kenya government and a number of

prvate firms have instituted formal in-service training

program0.mes which cater for people who want to undergo some

type of technical or craft training. The number of persons

who enter such type of training depends upon minimumi entrance

qualifications, the number of places available in

training institutions, and the prospects 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 (or employers) belonging

to private firms which offer formal in-service training

programmes f"o 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 Programmes for Employees"

in this report.).

Lack of trained skilled and technical workers may be

accounted for by the fact that the Directorate of Industrial

Training (a Kenya government body) and the employers, be

they the govern.ment 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 apprenticeship scheme has priority over
• 80

other forms of training at present". There is also

educational requirement for entry to training: the entry

re quiremen for a three year craft apprenticeship "is

completion of secondary academic school Form. IV and the

East African Certificate of Education (technical), and

"for the technician apprenticeship scheme the entry

requirement is completion of secondary academic school

Form IV and the East African certificate of Education dith

credits in English, Mathematics and a suitable science

subject".
8 1

The procedure for recruitment is as follows:

"the employers tell the Directorate of Industrial

Training the number of apprentices and trades that they.

would like to recruit and the Directorate sends the appropriate

82
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, irrespective of size. But all wage-scales

for craft apprentices are laid down relative to those for
83

grade 1 craftsmen. Firms which want to train 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 aid City and Guilds examinations.

It is to be. noted here 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 tiieir facilities do not

reach the required standard, the scale
of wages for apprentices is often much
higher than they can afford to pay .....
(the efec' on the internal wage structure
and industrial relations of a small firm
of taking on a young school-1.eavcr who is
known by the older "unqualified" craftsmen
to be getting conrsiderabl.y !more than they
can well be imagined). And, after the
apprentice has completed hos training
the full cost of his waF-e, now cqai\rjent

the employer. Secondary school.ieavers
do not want to work for smaller firms".

King(195, p 9084

King (1975, p. 90) 4points out that the secondary technical

schools are rapidly academicing themselves and 'have for

the first time in their rather chequered history captured

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 fir-ls,
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implying a need for different modes of training. "Thus

the sort of training offered to apprentices at the

industrial training centres is not seen as relevant by

small firms, where, solutions to a wide range of technicail

problems have to be improvised with few resources". 8 7

It is also to be noted that the larger firms also
are not happy with the centralised method of recruitment.

They would welcome more flexibility. For example, although

they are happier with the apprenticeship scheme, some of

them find the ambitions for upward mobility 'of secondary-

school leavers a problemdespite the fact that others

among them at the same time see the advantage of having

a more educated higher paid, skilled workforce. Those

l".cg -L.LLLO wehivin are unnappy with upward mobility of

secondary school leavers argue that less educated workers

have no difficulty in acquiring the necessary skills aid

so they see no reason why they should be forced to recruit

direct from sec'ondary technical schools.

Thus, the conditions described above have accounted

for only private firms employing more than 1,000 people

and government, parastatal and East African Community

(government body), in the final analysis, employing skilled

persons and technicians, using the apprenticeship scheme

whereas the smaller indigenous and Asian owmed firms in
Kenya have employed a negligible number. The following

-table 25 illustrates this phenomenon clearly:8 8



Table 25: 1975 Directorate of Industrial 2raining Apprentices Recruitment

Trade and Tyoe of Emn1oyer

P.ivate firms G-ov .rn.ent parastatale-mploying more anId I-s Af rica Other Tot-Ual

than 1.000 Cm nvitv -

-No. 5 No _ __ No. I. No. _

Aatomotive Trades 54 , 78 L1 16 4 6 69 100

Mechanical Trades 55 44 16 13 54 43 125 100

Electrical Trades 27 45 27 45 6 10 60 100

Building Trades 1 2 35 65 18 33 54 100

Total 137 44 89 29 i 82 27 308



Note that in Table above the "Other" category

consisted of large and medium-sized international companies,

with a negligible representation of the smaller indigenous

89
and Asian orned firms. Private firms employing more

than 1,000 persons -in the context of Kenyan industry are

considered 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 significant drop in

recruitment of apprentices during 19"5 which manifested

itself in a severe problem of unemployment of secondary

90.
technical school. leavers. "A survey carried out by the

Minii:.v of E d1'u aticn and -publ,hd in August 1975 found

that even after the Directorate intake of craft apprentices

had been completed, over 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 Graduate Status After Directorate 
of Industrial

Traivlir: intlzke

Student Working and .2itary Employed Looking Other Total

Going to or for

School Self-emp- Work
lofyed

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 74 2 100

Total 4 28 6 58 2 1CO
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This recruitment and unemployment status such as the

one illustrated here affects different kinds of social

and economic development in Kenya because it affects

the availability of. manpower in the government and private

firms alike. For example, skilled workers and technicians

capable of operating, maintaining, and constructing water

supply and sewage treatment facilities are lacking.

It should 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
suhee".92

To summarize this section on 'lack of skilled and

technical workers with a view to recommending ways and means

of encouraging formal in-service training for more skilled

.and technical workers for recruitment in the various fields

for social and economic development, the following procedure

should be followed. (Note that this summary is adopted from

Godfrey's work, op.cit., p. 27-28):9
3

1. It is recommended that a more decentralised apprentice

recruitment procedure should be followed, and the

Directorate of Industrial Training centralised

recruitment facilities should be available to those

firms who wish to use them.
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2. The minimum entry standards for 
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 IV

Technical).

3. Smaller firms with inadequate facilities should

be encouraged to seek attachment of their apprentices

to larger firms.

4. A review of wage-scales for apprentices should

be undertaken, considering in particular the question

of the uniform wage-scale within an industry

-D . lzc ' of firm.

5 Skill. improvement courses should be reViewed 
wi.Ltf

Table 27 below serving as a tentative check-list

of priorities and should be available to others

than merely the sponsored employees of firms

covered by -the levy :schemes. The Directorate of

Industrial Training should respond to training

committee initiatives on this but should also.

consider the use of government funds to subsidise

a wider range of "open" skill improvement courses.
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6. Public funds should be used to subsidise wages

of learners in firms too small to be covered by

the levy-grant scheme.

7. The above recommendations imply a crucial role for

the new curriculum development and technical

support section of the Directorate of Industrial

Training, particularly in developing skill Profiles

and training syllabi and in planning in terms

of long-term projections but of continuously

monitoring the changing training needs of the national

economy.

During 1975, the in-service training survey carried

out in Kenya wanted to ]cow the training, requiremey'ts for

existing staff in the firms covered by the survey. The

following Table 27 gives "some idea of where th.e priorities

for skill improyement might be seen to lie by different

types of firms". 9 4
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Table 27: TrainingReu_.em~ ntS Reuorted in In-Ysbr.ice
Traininr Lg ,uvey

(Number of .orkers requiring training as
% of total- employed in each occupational

category)

Large Firms Levied i1on-levied
firms , firms 

Pro duc tion/supervisors/
foremen 43 4 2

Blacksmiths - 6 -

Machiine-tool setter
operators 13

Machine tool operators
etc. 33 ].0

Machinery fitters/
assemblers - 31 100

Motor vehicle mechanics 62 82

Aircraft engine mechanics - - 100

Mechanics/repairmen 60 - 4

Auto p' ectricians 9 10 100

Plumbers and pipefitters )J5 -

W~lders and flamecutters - 16

Sheetmetal and struc-
tural metal workers 4 53

Compositors and type-
setters 35

Pressmen 16

Painters -43 80

Stonemasons and brick-
layers 4

Carpenters and joineis - 12 .100

Metal platers and
coaters 50 --

Wood processing workers 00. 0

Knitters 100

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 p6r cent of their skilled manual and

supervisory workers required further training, levied firms

95
23 per cent and non-levied firms 10 per cent". In the

case of plumbers and pipefitters large firms saw 
the need

for training 31 per cent of their plumbers and pipefitters,

the levied firms saw no need of training further 
any of

their plumrbers and pipefitters. and the non-levied firms

felt that all of their plumbers and pipefitters needed

further training.

Average Distribution of Labour Fo~rce in Kenya

Vfrq ri{'ir.. -.i .±tistiuus ass-une that "the labour

force is made up of 95 per cent of the population of males
• • 96

and 45 per cent of the females between the ages of 15-5911.

In 1969.the total labotfor c e in Kenya was approximat-ely

3.5 million. It is estimated that in 1975 the total
97

labour force was 5,010,000 (5 million).

If labour force is defined in terms of wage

employment (note that wage employment is not the only

component of labour force) then the following was the9
i d n 98distribution of labour force in Kenya during 1973 and 

1974:



a nsLLled 'ota of [eri7-skiled o -7 i- Skilled 01 o Professional. of . rofesi.on-

car .... Labour Unskilled Workers in skill.,ed Workers Skila
L~~ou~Wag v o r oal 1ove toa aouoc

n wage Force over tot Wage Employ over obour
Labour m ent , abo'" LabourForce o1-

"..oym" l Force forc I oc

_973 259,868 5,010,000 5.17 96,153 1. 2 106,546 2.13 9,095 08

1974 321,152 5,010,000 6.41 90,144 1.30 74,144 1.0 ,59717

_____________________- ________ ___________________________j...- 
__________-____________1*______ _______ ____________ 

_____________________



The annuel rate of growth of the labour force

99between 1970-1975 i s 2.85 per cent. 99 Note that there

are other persons in the labour force who are not included

in wage employment and wlo therefore are not included

in the above calculations and categories (for example

self-employed persons).

Among the highly skillful and technical workers

such as engineers, chemists, and others, according to

Manpower Survey carried out in 1972 there were 74,261

Kenya citizens as compared with 25,560 non-citize.s.

Therefore the percentage of non-local highly skillful and

technical workers. over the total was 25.5, according to

100the author's calculation from these figures.

Unemnloyment

In 1975 there were 6.4 million peQple in Kenya
.;ho were economically active. Of this number only 937,700

or 15 per cent were engaged or 'employed in the modern sector

of the economy and some 247,000 persons were receiving

secondary or higher education. The remainder, that is,

over 8Oper cent of this economically active population

"were either in rural areas engaged mainly in small holding

agriculture and other informal preoccupations, or in the.

101urban areas seeking gainful employment". This is the

portion of the labour force in Kenya which may be said

to be tmemployed, although the precise proportion of the

total labour force unemployed is not knowm.



"Wage employment in the formal sector is not at

present a large proportion of te total labour force"
102

as the following analysis slhows.

Persons Rn-ed Rcorded Totals, 1972-1.975

1972 1973 1974 1975

Modern Establishments - 719,800 761400 826,300 809.400

Urban and Rural Areas -

Wage Employees

Self employed and Unpaid
family workers 54-200

Informal Establishments-
Urban areas 33,900 41,400 76,200 74,100

Tota 803,70056 ,30J95S,400 o9)-0,0oe

It is important to note that the percentage of

Kenya's total labour f-orce over the whole population as

it is today (1976) is approximately 37.4 It 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 Emloyment

When we compare public or the go%°ernent and the

private sectors as employers, present statistics show

that the private sector is the bigger employer as the

103
following analysis shows:



Wage Emnloyment by Major S' ctor. 1972 - 1975

Annual Percentage Change

Private Sector 1972 1973 19'2. 1975 973/1974 1974/75

Agriculture and ,.oesr 05 33700 3.1 -8.

orestry 197,900 220,600 213700 53

Rest of Private
Sector 234,900 241,800 282.500 e273,400 16.8 -3.2

Total Private 432,800 462,400 496 200 468,700 7.3* -5.5

Sector I

Public Sector 287,000 298,900 330 l00 340,600 10.4 3.2

o I 9, oo 7 ,826 .300 ,o
oal761,300 8 2 00 809,300 1 8. -2.0

Toa 719,800 .5___________



- 122 -

The above analysis shows that since 1972 up" to

1975 the private sector has been the bigger employer. Thus

the government does not dominate the labour market. Public

employment services are readily available but they are not

fully developed to serve the public efficiently. The

services are nevertheless being improved by assistance from

the Swedish governmient.

Anna]. Average income ner Family in Kenva

The following was the distribution o income

accordi.ng to wages earned per month and the total number of

persons who earned a certain equal c. oLmt of money per

month in 1974:104

Wage per month Total Numbc.r 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 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 family is K.fC 300

.(shillings 6,000).

Average wage earnings per employee in Kenya during

1972, 1973, 1974 and 1975 were K. 287.3, K.£ 303.7,

K.1 332 and K.£ 384.2 respectively. Taking the most

recent figure the average wage earnings per family in

Kenya is K.1 384.2.105

Similarly the estimated real average wage earnings

per employee in Kenya in 1.972, 1973, 1974 and 1975 were

K.L 279.5, K.£2 271.2, K.£ 255.0 and K.E 247.6. It can be

said that the annual average income per fauily in Kenya

106

The Role of Family Planning Programmo in Kcnva

Any water development plan aimed at supplying future

population must consider the rate of population growth in

order to give accurate projections of water demand. Kenya's

population at present is growing at the rate of 3.5 per

cent per year. It is noted that if this rate of population

growth is not checkdd, Kenya will have a population of about

34 million by the year 2000. Kenya hopes to provide piped

water supply to everybody by the year 2000. The work of

construction, operation and maintenance of all ,-.0ater 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 the money for the recurrent costs of maintenance

operation and administration of water supplies and sewerage.

In the light of this observation it is necessary to find

a way of curbing high birth rates in order to control a

rapid increase of population so that the country can provide

its population with adequate and necessary facilities for

livelihood.

Kenya's five-year (1974-1978) family planning

programme will cost K.shs. 271,600,000 (K.L 13,580,000) and

will reach 640,000 women and prevent 150,000 births by 1978.107

If the number of births stated here are prevented, the 3.5

per cent per annum birth rate in Kenya will be reduced by

the year 1978. Furthermore, the aim of family planning pro-

granme is tu give oootan. v fov moLhcr to .,akc car of"

their children well and thus reduce infant mortality rate.

Mrs. F. Otete, the Deputy Director of the National Family

Planning Welfare Centre has observed that family planning

programme,

"would also reduce the cost of schooling,
reduce pressure on housing and water
supplies thereby permitting improved
standards of living". (108)

Family planning programme in Kenya is expanding.

At present 400 service centres for mother and child health

programes are being established all over the country so

that the programe may be more effective.
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CHAPTER FIVE

ANALYSIS OF SE;C!TD VATER SUPPLY SITES

Chapter five is a continuation of the analysis of

socio-economic data' (see Appendix B) pertaining to actual

sites where water supplies and sewage have been established.

In other words, Chapter five is a continuation of chapter

four with special emphasis on the characteristics of the

selected water supply sites.

The Level of Technolopy Available in Kenya

Mechanical Equioment in Farms

Since Kenya is mainly an agricultural country one

would expect to find mechanical tools used in farming by

the majority of farmers. Unfortunately this is not the

case. Although 90 per cent of Kenya's population lives in

rural areas where farming is the major economic activity,

only the large farm holdings are mechanized. Such large

farm holdings have some mechanical equipment. For

example, in .967 there were 812 crawler tractors, 5,420

viheel tractors, and 1,049 harvester threshers.
1  Sv.bsistence

farmers, by far still the majority in the country; still

use hoes and other hand tools.

"The use of mechanical equipment decreased betwea.

1963" (when Kenya became independent of. British rule) "and

1966 presumably because of the purchase and redistribution

of many for~ierly European-owned large farms under the Million
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Acre Scheme".2 By this Scheme formerly European-owned

farms were to be bought by the government axnd eventually

redistributed and bought by African farmers. Thus since 1963

"the equipment of these farms may have been sold elsewhc.re

or may have merely fallen into disuse until the transfer
3

of ovmershi-p and skills could be accomplished".

Mechanical Tools (other than those used in farms)

In Kenya, apart from the mechanical tools found in

large farms, mechanical tools are mainly concentrated in

large towns such as Nairobi, Mombasa, Kisumu, Nak-aru

and in formerly European farming towns such as Eldoret.

In these large towns mechanical tools are mainly found in

institational places sch as Polytechnics, the Univers.ity

and large firms and inidustries where they are either used 'for

teaching and demonstration, or for the manufacture and

processing of goods. In such large towns the portion of

population utilising these mechanical tools which are gasoline,

diesel, or electrically powered is very small compared

with the whole population of any such town. Mechanical

tools are rarely found in the rural areas.

Electronic Technology

Electronic technology is developed only in the

two largest towns of Nairobi and Mombasa in the main. Other

large 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 forei i

countries abroad. For example, Chlorine is imported from

Britain and A]iuminium Sulphate from India. Dut Soda

Ash if obtained locally from Lake Magadi. Once the

chemicals are imported from abroad they are available in the

local communities which need them. But there 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 ii obtaining ordered

chemicals from abroad.

KI SUMU TOWN

WATER SUPPLY AND SEWAGE TREATMENT WOPS

WATER SUPPLY

Sources of Water Supply

Kisumu town gets its water supply from Lake Victoria.

The new extensions of the water supply will receive their

water from Kibos river. There is also underground %ater,

that is, "there are a number of boreholes 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 per capita daily

water demand for Kisumu Town as well as for the rest of



Kenya is 20 gallons (90 litres). Ten year projection shows

that the average rer capita daily deman wil., be 45

gallons (202.5 litres). These are rmaximum figures, and

as such lower per capita daily water demands are possible

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

which are to be served by water supply has a total population

of approximatcly between 72,400-91,600 according to 1976

estimaWs. The current c .1v water dpmrnnd fIr fis urn

town and its peri-urban areas is between 2,300,000-3,034,S00

gallons. Ten 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 Sewage Disposal Works in the

Kisumu Municipality.6 Kisumu Town has a central wastewater

collection system. At present the total private properties

connected to sewer is 1,214, and apart fram 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 quantity of wastewater is used

by industrial and comil-ercial concerns as compared with

individual private persons in Kiswnuu Town. But more than

half of the area contained within the 1971 boundary of Kisumu

Town is served by water borne sanitation. This area includes

industrial and commercial concerns.

The sewage treatment works has recently been

extended to treat a dry weather flow 
(D.W.F.) of 6,800 m3

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 m3 per day (650,000 gallons per day),

less than half of the design 
capacity".8

It is diffi.cult to predict how many people will be

connected to the wastewater system in Kisumu Town 5 or 10

years from now, but indications are that there will 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 total 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 Kist.mu Municinality

Calc'ilated at the Rate of 4.5 Gallons (207 litres) per Capita

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
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annual mean (average) rainfall of 1306.3 millimetres.

Kisumu also has since 1972-1974 a mean annual maximum

temperatu-re of 29.9 centigrade ard a mean anual minimum

temperaturce of 17.20 centigrade. Its mean annual relative

humidity for the yers 1971-1074 at 1500 hours is 45 per

cent. 9 All these facts together with the total popul.ation

that a water supply serves or is going to serve are necoccary

components for projections of the future needs in terms

of quantity of water needed aid the capacity of the water

source to supply the needs.

Taking the above factors into .consideration the

Water Apportionment Board has spebified the amount. of

water that should be made available to the Kisumu Municipality

per cay in order to meet -tae demand for consumption by

various categories of consumers."Kisumu water is sold

to consumers via individual meters or from metered kiosks

and from the meter reading records it has been possibleoto
• 10

obtain some indication of the pattern of consumption".

From consumer meter readings it was found that domestic

consumption accoimted for 61% of the total4 industrial

consumption for 11%, 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 with the forcgoIng observations the

Water Apportionmnt Doard has specified that the Kisuinu

Municipality shall receive tie following )amount of water

per day from the existing sources:

From Lake Victoria 5.000 Cusecs

From a tributary of the
Kibos river 0.056 Cusecs

From the main Kibos
river 0.56 Cusecs

Total 5.616 Cusccs

Thus the total maximum demand per day for Kisumu

Municipality = (5.616 x 540,000) gallons (1 Cusec=540,000

gal.lons pe-r dy) = 3,034,800 ga!lons per day. This is the

amount that Kisumu Municipality at the moment cannot exceed.

Projections for water demand per day for the

Kisunu Municipality have been estimated from 1972 to 2000

on the basis of daily per capita consumption of 45 gallons

(203 litros). The following Table 28 shows the estimated

daily demands of water:11 (see next page)



Table 28: Estimated Daily Demand of WalTer
.................... o. . .................

Year Pe 1,? atioT1 Demand at 11ill. i o, Poin.] tAlon of ,1.-l enda
, Lv'il~lin 19711 Gall.on,!, e, ~ anid I,'aiiyat-6a cr.u [<,

Municipal (at the rt 01 Lii.5 rails. s_.,-,,

Boundary) per capita iuor day)
Cbou- DeuavW. in >i 1.

Cubic IHoetres MlliJon latiori on L on I O.

per day Gallons per
day Cubic 1il!: K

Inc ]re:s G' 1
ino d I. i Ty

1972 38,100 7,800 1.72 25,200 800 0.1.3

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 9100 2.01 "

1976 47,2 .0 9,600 2.12 " " "

1977 49,800 10,200 2.24

1978 51, 900 10,600 2.34 " i,

1979 51,900 "" "

11980 5C1, 900 "" " "

11981 ' " " " " "

11982 II , U II

11983 "

1.984 it " " " "

11985 it , ,, ,,

1986 ", ,, ,, ,

11987 " " " ""

1988 "I " " " "

'1990 "t I "t "I " "
19 0

11991 " I " " " "

11992 " " • " " " "

)3993 ,, ,, ,, , ,

'1994 " "

1995 " " " : "t "

i1996 " " " " " "

11997 ,, I ,, ,, I, ,,

1.998 if U " " "

1999 " " " " " "

2000 51,900 10,600 2.34 25,200 800 0.13
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The annual vater demands are shown in Table 2 -

abo ze. These are annual demands based on the per cauiita

daily demands of 45 gallons (203 litres) inside the old

town or municipal boundory, and 31.5 gallons per day (142

litres per day) in the new development areas and

7 gallons per day (32 litres per day) in the Manyatta and

Nyalenda periui-ban 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 an'd 2000 it

will be 7.3 per cent.
]2

It should be noted that as the towrn grows and

1he populalioli ouc~olfut ldli8ur bu wiLl Th± U

consumption of water. The town, as many others in Kenya,

is becomirg more and more 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 town and thus its population will increase.

Water Supply. and Sewage Treatment Process (See Appendix C)

Water SuDoly

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 groundwater or

boreholes for example dug out wells.



Treatment of S3urface Water

Surface water is usually coloured and contains

suspended matter and germs. Therefore, the process is

full treatment which is conventional and which involves

coagulation, sedimentation filtration and disinfection (use

of chlorine). Sedimentation removes most of the sediments

or suspended matter and germs. In filtration raid sand

filter is used to remove the rest of the solids and assist

in the removal of germs. Then a disinfectant such as

chlorine is added in sufficient amount so that there is

residual chlorine in the tap to kill any rem-aining

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 solids or organic

matter. Consequently the treatment of such water is chlori-

nation only to kill any possible germs present in the

pipes that carry water or in any other container or reservoir

in which water is stored. The Mombasa water suppiy (another

water supply site to be analysed below) which comes from the

Mzima Springs is treated as has been described here.



Treatment of Ground Water
• .. . . . . . . . ... .. . . . .•

Water from boreholes such as is used by people in

Kiambu town may have dissolved salts 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 boreholc 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.

Sewage (Wastewater) Treatment

In Kenya it is now proposed that waste stabilization

ponds be uti'.ized for the treatment of sewage rather than

co'nvPnti on1 work~ls with- -hi n)-nainni fil1 e-r~ Tnsmmt

Kenya is now using waste stabilization ponds as a new type

of sewage treatment process. This new type of sewage treat-

ment is now being used in the following tovns in Kenya:

Kisumu (the ne:i sewage treatment works but the old one is

still using the conventional works with biological filters),

Nakuru, 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 Filtration 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 removal removes all sorts of

solids. Daring sedimentation organic matter and solids

are separated. Sedimentation removes humus or dead cell

particles. In biological filtration organic material is

converted into cell tissues and thus a medium for fungu-Ls

culture is created. This causes aerobic process 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 the land. It is possible

to recirculate filter effluent". 1 3  Purified water or final

effluent is discharged into a river or any body of water

that can absorb it. In the case of Kisumu town, which still-

uses this process in addition to the new waste stabilization

ponds, the "effluent is discharged into the Kasat River

which thnen flows through the golf course and into Lake

Victoria".

It is noted here that this process in the case of

Kisumu sewage treatment as indeed it is in the case of other

towns in Kenya, requires constant supervision and chemical

analysis of the effluents from various parts of the process.

If the flows to be treated such as those expected by the

year 2000 are big, then the control. required and the

difficulties to be overcome would be increased' relative to

the present works which is small. Hence the decision to use

the alternative methods of treatment such as waste stabilization

ponds discussed below.
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Waste Stabilization Ponds

The advantage of waste stabilizatioxi ponds is that

they are capable of treating any sewage which can be treated

by conventional means. In Kenya, this method of sewage

treatment is very suitable because there is plenty of

sunshine which is required for this type of treatment.

The process of treatment is as follows: .The first

step is preliminary treatment which involves screening and

grit remov. 1. Sedimentation and. biological treatment are

combined in one lagoon. Sludge settles to the bottom of

the lagoon where it is broken down by bacteria and in doing

so they release carbon dioxide and other nutrients. The

mechanism of treatment depends on the interactions of

bacteria and algae. These lagoons are l° metres in depth.-

Where the sludge i.s at the bottom there is no oxygen. But

in the upper layers there is oxygen which is produced by

small green plants or algae. Thus in the upper layers of

the lagoon there is aerobic treatment and at the bottom there

is anaerobic treatment, both of which are combined in a

single lagoon.

Anaerobic part of the treatment if done separately

from the aerobic "induces a smell nuisance which would not

be tolerated if the works were situated in close proximity
of resdentia areas 14 • III I

of residential areas In the case of Kisumu town the

sites are located at a reasonable distance from residential

areas and as such it is considered 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 cheaper and

simple to construct'; very little mechanical devices are

used; they are easy to operate; the ponds are capable of

retaining sewage for about 40 days; very little supervision

is required, the ponds remove germs better; and they

require no energy since they get natural energy from the sun;

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

Due to the above advantages, waste stabilization

ponds are now planned for all sewage treatment in Kenya.

However. the folowinp tnws are still, us.in- the old etthod

of treatment, namely the conventional biological filtration

process: Nyeri, Nakuru; Eldoret, Molo, Kitale,. Kericho,

Thomsons Falls (Nyahururu), and Kariobangi and Eastleigh in

Nairobi.

Operation of Water Suonly and Sewage Treatment Plants

(see Appendix E)
1 5

Kisumu town has both water and sewage treatment

pla-nts. The processes of treatment used in these two 'types

of plants have been described above.

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 types of operators have to be trained for

at least two years after passing the East African Certificate

of Education 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 examination as such a standard or system exists in

Kenya. 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 their employment because of little

pay and when they get better jobselsewhere. They may alsq

be discharged when they abscond their work.

The average age of operators in the Kisumu plants

is between 20-30 years. 'Their quality is good, in other

words they are good operators.

Chemicals

For the purposes of the operation and maintenance of

water supplies and sewage treatment facilities, it is only

soda ash which is obtained locally from Lake Nagadi. Other

necessary chemicals have to be ordered from out of Kenya.

For example, chlorine is ordered from Britain and Alum from

India. Chemicals are difficult to obtain locally in the

Kisumu plants and there is some delay in obtaining ordered
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chemicals from aborad.

Machinery Parts

At the Kisumu plaits lack of spare parts is the

main cause of machi.ery breakdown, and the replacement

of machinery parts is routine. It is observed here that

sometimes machinery parts are not available and have to be

made or fabricated locally.

If machinery parts are ordered from abroad it takes

more than one year for such parts to be delivered, and

sometimes wrong parts are sent. Parts to be replaced are

usually ordered specially and machinery is repairerl locally.

Technical Operational Failure

The Kisumu Water and Sewage Plants have nuisance from

floating islands which obstruct filter and cause difficulty

in coagulation. Technical operational failure is due to

pumps which burst in the distribution. No failumre due to

the designed process has been experienced.

Supervisory Control

There is regular active local inspection of the

water supply and sewage treatment facilities at the Kisumu

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

The effluent has an odo_ from the sewage treatment

plant. The water is coloured because the effluent is dis-

ch?rged 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 m) per day (1976 figures). It is estimated

that the demand in 1977 will be 3.25 million gallons per

day (14,700 m3 per day). Also it is estimated that by the

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

region of 15.38 million gallons per day (69,800 m 
3 per day).

The total annual operati.onal cost of the water supply

from 1972 to 1977 is K.iC 63,985.7 
(K.shs. 1,279,71430).1b

The estimated cost at present day prices, of thei water

works required between 1977 and the year 2000 is K.shs.

64,967,000" .17. The estimated'annual cost of sewerage work

required from 1972 to 1977 is K.shs. 3,752,857.15 (K.£.

187,642.9). 
18

It is estimated that "to supply the individual

properties with piped water supply and waterborne sanitation

systems would be physically difficult and financially

expensive. The cost being approximately shs. 290 and shs.

1000 per capita for water supply and sewerage 
respectively".!9

From the above figures it can be calculated that the

total annual costs per water supply and sewerage in Kisumu



toin from 1972 to 1977 is K.Z 251,628.6 (K.shs. 5,032,571.45).

Of this amount K. hs. 240,000 (K." 12,000) is the annua

operational cost of water s'upply for personnel (payroll)

and K.shs. 136,000 is the annual operational cost of sewerage

for personinel (payroll). 
20

There are also administrative problems concerning

lack of manpower in personnel and sewage plant operators.

However, the population of Kisumu Municipality has some

limited ability to repay for the costs of operation and

maintenance of water supply. One might say 'tat the social

benefits exceed the social costs.

Technology

Kisumu tow is served both by central ",,illage or

street pump, and piped water supply to houses. Approximately,

between 0 -25 er cent of Kisumu's population is served by

central village or street pump, and betwveen 50-75 per cent

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

Level of Sewage Treatment Technology Development in Kisumu To,.,-wn

Kisumu town has sewage treatment and sewage collection

system. The former serves between 50-75 per cent of

Kisumu's population and the latter serves between 0-25 per

cent of the tovmn's population.



- 147

Technology advancement pertaining to water s,,u

is simply transfer of a process that had been succeS:: Lul

elsewhere. But the new sewage treatment process, nazely

waste stabilization pond or lagoon is a unique process

developed and designed especially to suit local 
climatic

conditions as the author has explained above in the case 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 Construction Cost

The Kisumu tovn water supply and sewage treatment

facilities were built from 1948 to 1950 when the work was

completed. Currently the population served by the facility

is about 80,000-120,000. When the facility was first

built it cost a total amount of K.£ 41,474. (K.shs. 829,480)

and it served a populat'ion of 10,899.
21  Since then

extensions to the Kisumu water supply and sewage works

have been done. Most recent extension work started early

in 1975.

Extensions pertaining to \ater supply facilities

will cost K.L 700,000 (K.shs. 14,000,000),22 and those

for sewage will cost K.£ 274,620.2 
(K.shs. 5,492,404.50).23

For sewage the cost stated here is for the work done from

January 1975 to August 1976.
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The extension for water supply is designed to treat

at least 1.25 million gallons a day.

Sewage Treatmc- FacilityConstruction Cost

The total cost for sewage works extensions is K.shs.

5,492,404.50. Of this amount K.shs. 800,000.00 was spent

for labour. Percentage of total cost for labour, therefore

was 14.5, and that for material. was 27.3 (K.shs. 1,500,000).24

Of the total cost spent for material only 1.4 per cent

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

rest of the material, euounting to a total cost of

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

A 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 approximate daily wage for unskilled labour

in Kenya is K.shs. ll.20, arid that for skilled labour is

K.shs. 32.00 per day.

Unfortunately, the percentage figure of total cost

for engineering fee, pertaining to constructidn of sewage

..treatment facilities for Kisumu town extension work is

not available.



Water Sunlo y Treatmcnt Facili tiv ConstLruc-tion Cost

The cost anaLysis of Kisumu tom water supply

extensions carried out in two phases during December 1969-

June 1970 and June 1970-August 1.971 show the followinp

construction costs for various 
items:25

December 1969-June 1970:

Items Cost % of Total
K.shs. Cost

Labour 268,506.39 21.1

Material (local) 385,177.10 ) 47.3(76.2 (not on

Material (imported) 120,096.73 ) (23.8 total

Freight and transport 176,369.84 - on mater>a

Electrical works 26,128.00 - only)

Consultants fees 92,612.00 8.7

Total 1, 068, 890.06

June 1+9u-nugu.-us-u ij1:

Labour 60,867.60 13.7

Material (local) 181,333.95 ) 7 2 4 (56.4(not on

Material (imported) 140,373.85 ) (43.6 total
cost but

Freight and transport 13,137.00 - on materis

Equipment and instru- 
only)

ments 6,292.80

Consultants fees 42,500.00 9.6

Total K.shs. 444.505.20

The above cost analysis shows that between December 1969-

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

for material was 4-7.3, 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 obtained from outside Kenya.

Between June 1970 and August 1971 the breakdown

based on the total cost of all items was as follows:

Labour 13.7%

Material 72.4%

Material (local) 56.4%

Material (imported) 43.6%

Engineering fee 9.6%

The above cost analysis does .aot show what per cent

UL UO W,&.L !a' .L LLL &6 IU vvcZ' j i d L."b u iz a 

unskilled labour because the figures were unavailable.

Construction of water supply the cost analysis

of which is shown above, included the following: 2 6

1. Extensions of the treatment works, -alterations

to filter gallery and alum house, also the laying

and fixing pipeworks, valves etc. together with other

auxilliary works.

2. The construction of a reservoir 2 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

motors and 2 No. 25 H.P. electric motors including

alterations to the e,.isting installations e.g.

pumps, etc.

Construction Resources Available in Kis!miu Water Suo.oly. and

Sewage Plants

Construction

As was stated in Chapter four, Kenya has both skilled

and unskilled people who can do construction work pertaining

to water supply and sewage treatment facilities. But there

are not enough of them. For example, design engineers,

surveyors and construction un&.u. Li are very few' but there

are enough labourers. There are also skilled equipment

operators, carpenters, masons, cement finishers, plumbers.

welders, pipe fitters, electricians, painters, steel workers,

and unskilled workers.

Operati on

In the Kisumu plant a pile driver is not available,

But the type of equipment available include meters, laiwn

mowers, blowers, recording devices, laboiatory equipment,

portable power plant, motors, pumps, backhoe, crawler

tractor, trencher, crane, cement mixer or trucks, grader

scraper, welders and power saws.
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Operation and Maintenance

Material available for operation and maintenance

include silica sand, graded gravel, clean water, gasoline,

cement, blasting material, reinforcing steel, wire mesh,

and-structural material such as wood, plywood, steel and

native ba-mboo.

Process

Process material which are available include pipe

(clay, steel, cement, plastic, wood, galvanized) and pipe

fittings, paint, valves, wood, tanks, gauges. But heat

exchangers are not available - they are rare and may be

found only in hospitals and hotels, and a few institutional

places.

Chemical Supplies

Chemical supplies which are available include

chlorine, Al2So4 (aluminium. sulphate), FeCl2 (ferric chloride),

Activated charcoal is available but rarely used, lime, soda

ash, ozone, and laboratory chemicals.
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MCMBASA TO.''T

WATER SUPPLY AJiD SEWIAGE TREATIENT WORKS

WATER 9JPPLY

Source of Water Sunoly

Mombasa town gets its water supply from Mzima Springs

156 miles from Mombasa. Therre is groundwater but it is not

used for any purposes. Wells are already drilled and the

water from them is used for agricultural purposes only.

Approximately 10 per cent of water receives treatment at

Pemba river treatment plant. There is also the Indian Ocean

but Mombasa town does not get its water from the Ocean.

Apart from the Mzima Springs, Nombasa also obtains.its water

from Mrerc river and its tributaries, Mrere, Marume and their

tributaries, Madabara river, and Kitanzi river. From all

these sources Mombasa has a capacity of 36.63 Cusecs per

day (19,780,200 gallons per day). But the average water

consumption per day is between 5-7 million gallons.

Mombasa has an annual mean rainfall of 1083.2 milli-

metres (between 1966-1974), and an annual absolute mean

maximum temperature of 34.20 Centigrade, and absolute mean

minimum of 20.00 Centigrade. It has a relative average humidity

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

Mombasa town population grows at an annual rate of

4.7 per cent. 2 7  At the 1969 census its population was

247,073. *At an annual growth rate of 4.7 per cent Mombasa's

population is noe approximately 328,357 assuming no drastic
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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

by the water supply is 200,000 and the total number of

connections on the island (Mombasa is a towna on an island)

is 17,000.28

Currently, the domestic per capita water consumption

per day is approximately 25 gallons (112.5 litres) and in

five years time the per capita daily consunmption will be

approximately 40 gallons (180 litres). These figures represent

consumptions for the years 1976 and 1981 respectively.
Tn tpen vears' time (]9P.'i. tne 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. Tere are many people who use water from kiosks.
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proections of ater Demand in the Tombasa Mwuiciuality

Calculated at the Rate of 25, 40 and 60 gallons oer caoita

per day. (Mombasa's population grows at an annual rate of 4.7%)

Year Population Per Capita Total Water
Water Con- Demand per day
sumption
per day

(gallons) (million gallons)

1976 328,357 25 8,208,925

1977 339,969 25 8,499,225

1978 351,581 25 8,789,525

2.979 363,193 25 9,079,825

1980 374,805 25 9,370,125

1981 386,417 25 9,660,425

1982 398,029 40 -15,921,160

1983 409,641 40 16,385,640

1984 421,253 4-0 16,850,120

1 985 .? R tf 0 17 ;iA 4, 0

1.986 444,477 40 17,779,080

2000 607,045 60 36,422,700

The above projection demand for water c.nsu.mption

shows that as the years go by the population of the tovn

increases and thus the daily per capita water consumption

also increases. This amounts to a big increase in the

total daily water consumption for the whole town as the years

go by.

By the year 2000 the per capita daily water consumption

will be between 36 gallons (160 litres) and 60 gallons
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(270 litres).

Sewage

The Mombasa town sewage treatment facility was

built in 1963. It is now serving a population of

30,000.29 The town has a central wastewater collection

system. The percentage of population being served by

sewage treatment is 10 (or 0-25 per cent). -Percentage of

people .to be connected to the sewage treatment facility in.u

five and ten years' time will be 50 and 90 respectively.

Water Supply and Sewage Treatment Process

Water Sunjly

water mainly from Mzima Springs. Due to the nature of the

water from the springs, there is no need for treatment. Only

chlorine (which is imported) is used.

Sewerage

Sewage treatment at the Mombasa plant involves

screening and then sedimentatlon of sludge which is releas'ed

at ebb tide into. the Indian Ocean. Sewage treatment thus

involves partial treatment which is'preliLminary.30

Technology of Water and Sewage Tre.tment Facilities

The Level of Water Treatment Technology. Develooment

As was stated above, the Mcmbasa water suply serves

about 50-75 per ccnt- of its population. 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 Technology Develonment

The Mombasa sewage treatment plant serves 30,000 people

(10 per cent of the total municipal pol.ulation). Its level

of treatment technology developmnnt can be described as

in the case of water supply stated above.

Operation of Water SuWPly and Sewage Treatment Plants

(See Appendix E for Mombasa Municipality)

Water Suply Treatment

As was stated ea:;lier, approximately 1.0 per cent of

water for Mombasa town receives treatment at Pemba River

Treatment Plant, The town receives most of its water from

the Mzima Springs. There is no water treatment. Only

chlorination is used because the water comes from the Mzima

Springs.

Operators

All the operators at the Mombasa water'supply treatment

plant are trained there and in a training school in Nairobi.

Trained operators are difficult to find. These operators

have standardized tests they have to pass in order to'be

operators grade 1, 2 and 3. There are short courses and

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

Al'so very frequently, they leave their employment for better

jobs elsewhere.

The average age of operators is between 25-40 ycars.

The performance of most operators is fair but the operator

in-charge is good.

Chemicals

Soda ash is the only chemical obtained locally. All

others are imported from countries outside Kenya. For

treatment of the water supply at Mombasa .there is no

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

Chemicals are easy to obtain locally but initially

they are imported from abroad.

Machinery and Parts. etc.

General wear and tear is the cause of machinery break-

down if the machine is used for between 18-20 hours a day.

There is routine replacement of machinery or parts of the.

machine.

Parts of the machinery which are usually ordered from

England and which come by ship take between 1-6 months.

If ordered locally the parts take a much shorter time. Some

parts replaced have to be ordered especially. Some suppliers

have good supply of spare parts.
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Technica! OeratioLna! Failure

Turbidity during flood period may cause difficulty

during treatment. This is more of a problem of Sabaki

river than Pemba river.

No water in river Pemba may cause operational

failure. Sometimes Lhere is lack of water in Mombasa due

to bursts of pipes.

Due to heavy tourist season, now the capacity in

Mzima pipeline is too small. Consequently, currently

a new water treatment plant is being'built at Sabaki

river with water piped to Mombasa.

Supervisory Control

There is active regular local inspection of the water

supply plant.

Daily laboratory tests of turbidity and alkalinity of

water are taken at Pemba river and chlorine residual tests

are also taken at Pemba and Changamwe. Chemical and bacterio-

logical analysis is done by General Superintendance Company

(general commercial chemists in Mombasa tovn).

Problems not Solved by Present Facility

Water from Mrere Spring has colour in the rainy

season.
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At present the government is supplying the money

for operating the water supply. IIo'ever, 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 gallons.

The total annual operation cost of water supply is

K.£. 662,300.0. The total annual operational cost for

personnel (payroll) 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 working 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 promotion. There

is also shortage of qualified supervisory staff.

SEWAGE

Type of Treatment

Type of treatment of the sewage includes screening

followed by sedinientation of sludge which is released

at ebb tide into the Indiau Ocean. This is simply preliminary

partial treatment.
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Operators

Trained or skilled operators are difficult to

obtain. There is a standard for evaluating the qualifications

of operators and there are course or training programnes

for operators (see chapter four).

It is observed in the case of the Mombasa plant

that operators do not move very freely becaase they are

used to the type of work they are doing and cannot get

a better suitable job elsewhere.

The average age of operators is between 30-40

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

Chemi cal s

In the sewage plant at Mombasa, there 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 breaxcovm is general wear and

tear. There is routine replacement of machinery or parts.

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 specially.

The machinery is repaired locally.
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Operational Failure (Technical)

Technical failure due to any characteristics of

raw water causing difficulty in treatment does not apply

to the Mombasa Sewage Plant. There is no difficulty duo

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
I

Superintendance Company of commercial chemists who work

in the towm of Mombasa.

Problems not Solved by Present Facility

There are no technical problems of effluent due to

odor, taste or colour of water, but there is a tendency

to use sand to wash dishes, which makes the sewage septic

before it reaches treatment plant.
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There is no monetary problem in operating the

sewage 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.9 20,000). The total annual operational cost for personnel

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

There are administrative problems experien-'ed in

operating the sewage plant because there is lack of qualified

personnel or people with managerial and supervisory ability.

Generally speaking, there i-s a labk of suitable people to

do the job pertaining to sanitary engineering.

Facility Construction Cost

Water Supply Treatment racility Construction Cost

The typd of process for the water supply involves

chlorin-iation only. This water supply was built between

1955-1956. At present the facility is serving a population

of 200,000. It was constructed at a cost of K.£ 6,000,000

(approximately U.S.$ 17,400,000). The distribution of this

cost according to the various items was as follows in

percentages:
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Percent of total cost for labour 25-50

Percent of total cost for material 50-75

Percent of total cost for engineering
fe 6-10

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 project for

Mombasa Municipality is underway and when completed will

cost an estimated K.. 28.5 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 process is partial treatment which involves

screening followed by sedimentation of sludge which is

only released at ebb tide into the Indian Ocean.



165

The sewage treatment plant was built at the cost

of U.S.$ ' 7000,000 (K.£ 1,050,000). The distribution of

this cost of construction according to the various items

was as follows in percentages:

Item Percent of Total

Cost

Labour 25-30

Material 40

Engineering fee 6

Skilled labour 25

The approximate daily wage for unskilled labour in

Kenya for this type of work is K.shs. 14.50 and that

for skilled labour is K.shs. 25.00.

Of 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,

pumping stations, machinery, trunk sewers and reticulations.

The cost of material here does not include any. machinery -

mechanical plant. Engineering fee included survey, design,
•

execution of tender documents and supervision. Skilled labour

entails mchanical plant operators, electricians and mechanics.
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Construction Resources Available

CONSTRUCTIOUI

Labour Force Availability

As in the case of Kisumu Municipality, Mombasa

Municipality has design engineers, surveyors, construction

engineers, and labourers. The first three types of manpower

are not available in adequate numbers. Skilled workers

are available. These include equipment operato'rs (not enough)

carpenters, masons, cement finishers, plumbers, welders,

pipe fitters, electricians, painters, and steel workers.

Unskilled workers are also available.

Oneration

Equipment Availabilily

Equipment available for operation include back hoe,

crawler tractor, trencher, crane, pile driver, cement mixer

or trucks, grader, scraper, welders, power saws, meters,

lawn mowers, blowers, recording devices, laboratory equipment,

portable power plant, motors, and pumps.

Operation and Maintenance

Material Availability

Material available include silica sand, graded gravel

(ballast), 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 material available

include galvanized, iron, steel, cement, plastic, clay,

wood2 asbestos, cement pipes, and 
pitch fibre. Paint is

also available.

There are skilled mechanics, but skilled chemists and

biologists are rare.

Chemical Su-l ies

Chemical supplies available include chlorine. Also

(Aluminium Sulphate) soda ash and laboratory chemicals.

Ferric chloridIe, activated charcoal, lime, and ozone 
are not

available in Mombasa.
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NYFRI TOWN

WATER SUPPLY AND S-'Y'iAGE TREATME',1T WORKS

lyeri town is located at an altitude of between

6,000 ft. (State Lodge) - 7,800 ft. (Kiandongoro). Daring

1974 it had an average temperature of 20.80 Centigrade

(maximum) and 7.00 Centigrade (minimum). It has an annual

mean rainfall of 966.5 millimetres 
(between 1966-1974) 33

At the 1969 Census Nyeri town had a population of 10,004.

Its annual rate of growth was 7.9 per cent per annum.

between 1962-1969.34 It is assumed that its annual rate

of growth today is still 3.5 per cent per annum.

Growing at the rate of 3.5 per cent per annum, Nyeri

town's population is now (191 6 ) appcoxiimately 12,454.

WATER SUPPLY

Sources of Water Supply

Nyeri town gets its water from Chania river. Ground

water is available and.there are no wells drilled.

The water supply plant was built in 1959. The approxi-

mate quantity of water consumption per day in Nyeri 
Munici-

pality is 517,000 gallons (2,350 cubic metres). The water

supply serves a total population of 1,393 persons who have

meter connections, and it is estimated that the 
current

demands are 1.5 cubic meters 
per day per household.5
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It is also observed that every year there is an increased

demand of 50,000 gallons in Iiyeri tornm because of population

increase. The average daily per capita water consumption

for Nyeri tovm is 40 gallons.

The following is the projection 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

ppr cent per annum, and per capita daily water consumption

of 40 gallons and that there are no changes in 
fertility

and mortality.

Year Population± Per Capita Total Daily
Da ly Consump tion

Con sumption

,(Gallons) (Gallons)

1976 12,454 .40 498,160

1977 12,804 40 512,160

1978 13,154 40 526,160

1979 13,504 40 540,160

1980 13,Q54 40 554,160

.981 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 decrease the demand for

water consumption.

Sewage

The Nyeri sewage treatmient facility was built in 1959.:

At present the sewage qollection system is serving 25 per

cent of the population of the Municipality, and sewage

treatment also 25 per cent of the town's population.

In five years' time the Municipality hopes to connect

100 per cent of the popula% ,on of Nyeri tow-n to sewage

,. ±biiUL £I&iit-y. SiiWiilrliy ill ten yea.s08 Uile 100

per cent of the town's population will be connected to

sewage treatment facility.

Water Sunnily and Sewage Treatment Process

Water Sup-oly Treatment '

Nyeri town receives its water from the Chania

River. Therefore the water receives full treatment (as in

the case of the Kisumu Municipality water supply) which

includes coagulation, sedimentation, filtration, and finally

sterilization or chlorination.
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Sewage Treatment

Nyeri Municipality uses bio-filter and sedimentation

tank in the treatment of its sewage. 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 which is now

planned for many towns in Kenya. At present Nyeri is using

pumped recirculation system which should now be avoided.

Technology of Water and Sewage Treatment Facilities

The Level of Water Treatmaent Technologv Development

About 11 per cent of the population of Nyeri town

(1,393 persons) have piped water supply to their houses.

Technology advancement here is simply transfer of a

-process that had been successful elsewhere. Its quality

for research can be described as an important feature for

the local people but not-significant to overall development

of the country:

The Level of Sewage Treatment Technology Development

Sewage treatment facility is serving 25 per.cent of

Nyeri towm' s population. Its technology. advancement is

simply transfer of a process that had been successful

elsewhere. Its quality for research can be described as

an important feature for the local people but not significant

to overall development of the country.
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Ocr'ition of Water Supply and Sewagre Treatment PJants

WATER SUPPLY TREATMENT

Opera tors

Water supply operators in Nyeri town are difficult

to find. If they are not trained by the Ministry of Water

Development, recruits come from primary and secondary

schools. Operators take government trade tests which are

standardized. Short courses or other training programmes

are available for operators.

Operators leave employment at .the Nyeri treatment

plant because there is too .much work but not enough

emoluments. Woxkers must always be available like doctors

and sisters in hospitals. 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

Chemicals are obtained locally and they are easy to

obtain both locally and non-locally.

Machiner:y and Parts. etc.

Normal wear and-tear is the cause of machinery

breakdoim. Time interval for replacement of machinery 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 replacement

of pipe fittings and bearings.

Delivery time of ordered bearings sometimes is

between 1 and 6 months and sometimes between 6 months and

a year. For other parts delivery time is between 1 and 4

weeks. The parts which are replaced are ordered. specially.

Repair of machinery is done locally, but there-are

some parts which have to be replaced by new bnes: these" include

bearin.n, gaskets, cupleathers, etc.

Technical Ot-rational Failu..

Nyeri water supply has not experienced any technical

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

Supervisory Control

There is regular local inspection of the water plant

by local personnel. In addition there is regional inspection

by provincial personnel, and national supervision by

persbnnel from the Ministry of Water Development in Nairobi.

At the time of research during 1975 there was active

supervision of the water supply plant.
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The w.ater supply laboratory is at the plant and also

is central in Nairobi about 90 miles away from Nyeri town.

Problems not Solved by Present Facility

The water supply in Nyeri town' has no physical or

chemical problems, and it does not have any difficulty in

financing.

The Nyeri town water supply has a capacity of. 650,000

gallons (2,954. cubic metres) per day. Its daily operational

cost is K.shs. 12,500 and its total annual operational cost

is K.shs. 150,000. The annual operational cost for personnel

(payroll) is KLshs. 60,000.00 which is the total annual

zala r , 15 c1c.

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 plant do not have standard or

system for evaluating the qualifications of operators. There

are short courses or other training programmes for operators.
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The experience of engineer in-charge of severage in

Nycri is that operators tend to stay 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 obtain

locally and non-locally.

Machinery and Parts, etc.

Product failure and normal wear and tear are the causes

of machinery breakdown.

Time interval for replacement of machinery or

parts is too often as compared to the expected life of the

item. There is also routine replacement .of parts. Delivery

time of ordered parts is sometimes between 1 and 6

months and sometimes between 6 months and a year. The parts

replaced are usually ordered specially, and common parts

are taken off the shelf.

The machinery is repaired in Kenya, in Nairobi;. 90 miles

away from Nyeri. Some parts such as bearings and broken

parts are not repaired but replaced by new ones.
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Technical Oerational Failure

The sewage plant has experienced technical failure

due to breakdowm 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

system of treatment is bio-filter and sedimentation tank

which 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 inspection .for efficiency.

Sunervisinn was nnt artive at tb. timp of the ,r.esearch

(during early 1975) but it was expected.that supervision

would be active as soon as a qualified person was available

in May 1975.

Laboratory is located in Nairobi, 90 miles away

from Nyeri.

Problems not Solved by Present Facility

The sewage plant is inefficient. Dissolved Oxygen

is too low and Biological Oxygen demand is too high. The

sewage plant does not experience any, difficulty in financing.
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The total annual operational cost of the sewage

plant is K.6 8,000 (K.shs. 160,000). Annual operationel

cost for personnel (payroll) is K.£ 2,000 (K.shs. 4.0,000).

Administrative problem experienced is lack of

technically qualified supervisors.

Facility Construction Cost

Water Supply Treatment Facili Construction Cost

The Nyeri water supply was built in 1959. It is

serving 1,393 persons who have piped water supply to their

houses. The rest use central villagd or street pump. The

water supply plant was built at a cost of K.£ 123,055

(:K S1,.", ,! 61, 1 i ()n) ,

The above cost of construction was distributed

among the various items as follows:

itein Actual Cost Percentage of
item over total

£ cost
Labour 36,886.50 30

Material 79,920.75 65

Engineering fee 6,147.75 5

Total 123,055.00 100

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 the total cost spent for skilled

labour was 20 per cent (K.% 7,377.30). Approximate daily

wage for unskilled labour in Kenya doing this type of work

is K.shs. 9.30 and that for skilled labour is K.shs. 15.00

in Nyeri.

Facility construction cost for sewage treatment

for Nyeri town was not available at the time of research,

and as such this analysis is not included here.

Construction Resources Available

CONSTRUCTION

Labour Force Availability

Design engineers, surveyors, construction engineers,

labourers are available.

Of the necessary skilled workers, electricians are

not available and steel workers are not fully skilled. The

available skilled workers include equipment operators,

carpenters, masons, cement finishers, plumbers, welders,

pipe fitters and painters. Unskilled workers are also

available.

OPERATION

Equipment Availability

The unavailable equipment in the Nyeri plant include

back hoe, crawler tractor, trencher, crane, pile driver,

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

Operation equipment available include trucks, welders,

meters, lawn mowers, blowers, recording devices, laboratory

equipment, motors, and pumps.

Operation and Maintenance

Material Availbilitv

Of the materials necessary for operation and

maintenance,materials not available include blasting

material and clay and wood pipe and fittings. Materials

available include silica sand, graded, gravel, cement, clean

water., gasoline, reinforcing steel, wire mesh and structural

material such as wood, plywood, steel, native bamboo, and also

pipe and fittings, e.g. galvanized, iron, steel, cement,

plastic, and a'sbestos cement. Paint is also available.

Concerning labour, skilled labour which is not available

include chemists and biologists. 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 (FeC1 2 ), activated charcoal,

lime, and ozone. Chemical supplies available include chlorine,

Al2So4 (Aluminium Sulphate), soda ash, and laboratory

chemicals.
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THIKA TOWN

WATER SUPPLY AD S"'- AG, TREATM1E!TT WORKS

An analysis of Thika town water supply and sewage

treatment works was out of scope of the author's research

for purposes of this report. However, Thika is a very

interesting town from the point of view of its rapid

expansion as an industrial town of Kenya. Of interest

to the author is the fact that Thika's sewage and water

supply facility was constructed by the middle of 1974. From

the point of view of the nature of research undertaken by

the author, which pertains to the socio-eonomic conditions

which pertain to cost of construction and operation of water

and sewage treatment facilities and quantity of water

consumption, Thika today wcuiid be an ideal tovar for study.

Its population at the 1969 census was 18,387. Its population

is growing at an estimated rate of 4 per cent per annum,

according to the estimates.0for the years'1962-l969.

Using this assumption of population growth rate, Thika

today (1976) has an estimated population of 23,532.

The author, because of interest, was able to have

access to the figures showing the cost of construction of

sewage treatment facility in Thika town,- because -these

figures reflect more or less accurately the cirrent cost of

various items in Kenya which is experiencing an upward trend

in inflation. The cost which reflects 1974 economic conditions

in Kenya was as follows according to various items:



Cost of Building Sewage Treatment Works - 1974

I tem Cost in ,. shs.

Preliminary - insurance, bond,

construction establishment 474,000

Excavation of sewage 4,255,000

Sewers and pipes 2,700,000

Manholes 400,000

Concrete structuz'es 450,000

Mechanical equipment 270,000

Others (unspecified) 751,000

Total 9,300,000

*The total amount of money used was K.i 465,000

(K. s. , 300, 000).
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CHAPTER SIX

NATURE OF WATER USAGE

AND LEVEt OF WATER CONSUMPTION

In order to see how water is used by people who have

water and wastewater facilities and whether there ,are

any socio-economic and cultural factors which deter;mine

how water and wastewater is used, the author studied three

samples of water users drawn from Mombasa, Kisumu.and

Nyeri towns. A total. of 95 persons were studied from

'Mombasa (33), Kisumu (31) and Nyeri (3'1).

The water users stud-ied weke chosen from three

educational levels as follows:

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
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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

Kisumu IMombasa NYeri I Total
Bath tub or shower 31 21 18 90

Water closet 28 20 15 63

Wash basin 20 18 12 50

Kitchen sink 29 18 13 60
Tap (outside house) 16 7 30 53

Pit latrine 3" 4 24 31

Facility No. of People tdho do not have
the facility

Kisumu I Mombasa INyeri Total

Bath tub or shower 0 12 13 25

Water closet 3 13 16 32

Wash basin 11 15 19 45

Kitchen sink 2 15 18 35

Tap (outside house) 15 24 1 40

Pit latrine 28 29 7 64

The above analysis concerning Water supply facilities

in the house shows in addition to the availability or non-

availability of the facilities shorn for some individuals that

all the 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:

secondary (34), technical (6).

From the above observation it may be stated that the
the

-higher or/better the education the more likely that a person

will. have better water and wastewater facili-ty in his

house. This is a function of better .job opportunity for such

better educated people. This is also an indication of what

kind of rent they can afford. Houses whose rents are high

also tend to have better water and wastewater facilities

in them. People with a good education can afford to pay

rents which warrant the usage of such facilities.

It was also observed that the majority of primary

school graduates as compared with those who had higher

qualifications used tap water outside their houses since

they do not have water facilities inside their houses. The

majority of them also, as compared with those with higher

educational qualifications, used pit latrines -instead of

water closets. In fact all University graduates did not use

any pit latrines.



Usage of Water

Water usage as usual includes washing 
eating

utensils, clothes, food, floors (cemented 
floors), cars, and

bathing and also watering gardens an d flowers.

It is to be noted here that water is used 
much less

.by individuals for watering gardens and flowers and also 
for

washing cars because not many people ov cars. This was

the autlior' s observation according to the sample of people

studied in Mombasa, Kisumu and Nyeri.

.WATER CONSUMPTION

Methodology used in Studyiiyg evei of Water ConsumlOll

The author studied the amount of water consumption

per famnily in all the three towns by studying individual

families that had meter connections in their homes. Data

concerning their monthly expenditure on water was collected.

Using the average amount of money they paid per month for

water, the author got the following distribution of the

amount of water consumption, using the current cost of 
water,

which is Kenya shillings 2.60 per 1000 litres and also

using the maximum amount of money paid for water 
per month.
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Number of Average amount Average amount Average amount

Families of Money paid of water con- of water con-
per month by sumption per sumptJon oer

each family month by each day by each
family fai y

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 57.0

28 21.00-30.00 11,538.6 384.6 85.5

3 31.00-40.00 15,384.8 512.8 114.0

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 between 128.2 litres

(28.5 gallons) - 769.2 litres (170.9 gallons).

Marital. Status. of the Families

The marital status of the families studied was as

follows:

Marital Status 1 No. of Households

Single 18

Married 75

Unspecified 2

Total I 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

was as follows:

Number of Wives

Number of Families N-umber of Wives

in each fami].y

75 1

15 2

3 3
1 4
1 6

Total 95

Number of Children

Number of Families Number of Childrern 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 7 21

5 8 4.0

3 9 27

1 13 13

1 15 15

1 19 19

Total 75 308
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According to the above figures pertaining to children

it can be calculated that the average number of children per

famiily is 4. Therefore for the majority of families (75

in number) where the spouse is married to one wife it can be

said that the total-number of persons in each family is 6.

On the average, therefore, the number of persons in each

family studied was 6 (this approximation exempts fam.iies

where persons are not married).

.The total number of persons in a family can now be

related to the daily water consumption per family as stated

above We get the following figures \hich show the per

capita daily ccnsumption ba'sed on the above categories of

No. of Average afnou.t Average Average Average per

Families of money paid corUMptior consumption capita con--
per month by per month p.er day per sumption
each family per famil' fa-mily per day

K. shs. Litres Li-s Gals Lits. Gal!

11 10.00 3,846.2 128.2 28.5 21.37 4.75

25 11.00-20.00 7,692.4 256.4 59.0 44.1 9.5

28 21.00-30.00 11,538.6 384.6 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 19,231.0 641.0 142.4 106.8 23.7

11 51.00-60.00 23,077.2 769.2 170.9 128.2 28.5

81

The sample studied shows that the average per capita

daily demand as showrn by the study of 81 families is between

21.37 litres (4.75 gallons) -128.2 (28.5 gallons). These
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figures are approximately the same as those worked'out by

the Kenya Water Apportionment Board which has the following

specifications concerning per capita daily water consumption

for Kenya as a whole:

Per capita daily water con-

s-unption

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)

For irrigation per acre
(to provide 3 inches of 2269 gallons (10210.5litres
rainfall equivalent

per month)

Frow the sample study of water consumers the author

noted that a higher standard of living for an individual

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 total number of

people living in a household having water facilities also

had a great effect on the total amount of water used per day.

For example single persons in the sample studied (constituting

18 households) formed the entire number of families (11

altogether) who spent the least amount of money per month

(K..shs. 10.00) for their water bills. This shows that the

most important single factor in determining the amount of



- 192 -

water used is the number of people using that water. Anoth, r

factor which comes close to the total number of persons

using water in determining more usage of water is the level

or standard of living of different individuals.

Income of the Samrole Using Water 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.L 100-200 (K.shs.166.65-333.30) 1

" 201-300 ( " - 333.30-499.95) 1

" 301-400 ( " 499.95-666.60) 14

" 401-500 ( " 666.60-833.25. 4

" 501-600 ( " 833.25-999.90) 1

" 601-700 ( " 999.90-1166.55) 2

" 701-800 ( " 1166.55-1333.20) 9

" 801-900 ( " 1333.20-1499.85) 4

901-1000( • " 1499.85-1666.50) 4

"-001-2000( " 1666.50-3333.00) 12

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

live in a town and consequently the type of water facilities

available to him. This income also determines thA level of

living of an individual which in turn will control how muchl1:
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water he uses every day. As has been stated above, a higher

standard of living demands more water usage. This higher

standard of living is experienced mainly in urban areas where

the more and better educated Kenyans are now living because

they have better job opportunities there.

Nature of Water 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 in Kenya, as it is in other

jj L .L- Cf o ± .

The families studied in Kisumu, Mombasa and Nyeri

towns showed the following negative attitude toward sharing

water and wastewater facilities in their houses with certain

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 share bathroom
(bath tub and shover) with

that relative

Strangers or visitors I do
not know 39

Parents-in-law 30

Adult uncles and aunts 19

My parents (when children are
fully grown) 12

Adult nephews and nieces 9

Sisters and brothers-in-law 9

My grown up children 4

tersonj) wni u (oU nuO I i , "Is
religious belief 4

Similarly the following negative attitude was shown

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 hofseholds studied gave a number

of reasons for not making their water and wastewater

facilities available for the type of relatives and people

stated above. These reasons were as follows:
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Reasons for not Sharing Bathroom (bathtb and shower) and

Water Close-, with the Stated Persons

Reason No. of Families
stating the reason

Customs and taboos of my tribe
do not allow 25

I am not aware of their cleanliness
(medical reasons, health reasons)

.15

They give no assistaice in household

duties 5

Personal conscience and respect 4

Psychological reasons (e.g. attitude
towards other people) 4

Inconvenience 2

Religious reasons (e.g. people who
belong to different religions) 1

Strangers may be thieves 1

To segregate youth from the old 3.

To relieve family of the burden of
living expenses .I

These people are not used to me

African- way of life entails so much communalism,

especially that pertaining to relatives that it is often

too difficult for anyone living in an urban area to detach

himself completely from relatives and friends. Africans

who live in urban areas find that they have to accommodate

relatives and friends from rural areas who have gone to the

urban areas in search of a job. But there are taboos as

noted above which forbid intimate mixing with certain types

of relatives or people. Furthermore, economic difficulties

of a financial nature now make it too difficult for people to
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help and accommodate friends and relatives 
who go to them

in the congested urban areas. Even in the rural areas

these customs and taboos exist even more strictly 
than they

are observed in the urban areas. Consequently because of

an earlier socialization received in rural 
milieu x it is

difficult to eradicate these attitudes among 
urbanites in

Africa today. Hence the attitude of these urbanites

recorded above.

One may now ask what alternative arrangements may

be made to 'meet the water and wastewater needs 
of porsons

who find in an urban situation that they have 
to share

these facilities with their relatives. The following are

the suggestions made by the various families studied 
as

to what alternative arrangements can be -made for their

relatives, if there are any alternatives which are feasible:

.The alternative arrangement No. of families
in favour of that
alternative

Have a separate building (house)
for the relatives 12

Consult authorities (e.g. the government)
to build extra houses 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 fac'ilities 3

Have a bigger house 1
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It should be noted that one of the suggestibnsstat-.d

'above 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 utilities. The following were the reasons given by

the families not in favour of public water and wastewater

facilities:

Reason for objection to use of No. of families
public utilities in favour of that

reason

Spread of diseases 15

.People will fail to ppy for these

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 55

Roman Catholic 22

Mohamme dans 16

Unspecified 2

The above attitude of the people toward utilising

public water and wastewater facilities is important in

view of the goverrunent's wish to provide water to everybody

in Kenya. In the rural areas, people are poor and may not

be able to afford individual meter connections. Public

utilities could only be usedI jf people were wi.Ji g to -nay-

for them jointly. This will depend upon raising the level

of living of people in the rural areas so that they can afford

to pay for their water,,either individually or on a communal

basis. Communal use of water depends upon changing people's

attitudes and as has been pointed out above this will take

a long time. The Kenya government will have to think

carefully how to introduce rural water tuplply usage in such

a way that even the very poor will have access to water for

all types of use. What makes things more difficult is the

fact that rural life is not stable. People are reluctant

to build permanent houses because of the African way of life.

This makes 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 S_?V EN

SUIl-.I4I4ARY

This report has entailed a detailed analysis of

the socio-economic conditions which pertain to cost of

construction and operation of water and sewage treatment

facilities and quantity of water consumption in Kenya.

The smcio-economic conditions which have been analysed

must be consi.dered in any situation which requires

rational planning f r the supply of adequate water and

wastewater facilities, their operation, and maintenance,

and the total cost of construction of such facilities and

the total recurrent cost of administration, operation and

maintenance of such facilities for a given population.

Rational planning for water development aimed at

serving a given population adequately at a given time at

present and in the future must consider the following factors:

1. Size of Poulation Served

The population growth rate per year of a given country

or community to be served with water and wastewater facilities

must be J:ow, in addition to a knowledge of the present size

of that population. The mortality rate per thousand population

must be known. Thus both the fertility rate per t-ousand

population and the mortality rate per 1000 population must.

known in order that the survival rate of the given population

can be knon.
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Along with the population growth rate the life

expectancy of the population should also be klnoim. This

factor is important so that planners for water development

may have. a rough idea as to 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

population should be knovm. This knowledge of permanent

4 '~ '~" +ri"e~~4~ + I,* -s'~~v

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 problem. There is gravitation of

population from rural areas to urban areas. At present the

average annual rate of growth of Kenya's main tovins is 3.89

per cent (which is nearly 4 per cent). This rate 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 toens where 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 abodc is

urban areas where the young educated persons hope to find

employment.: Whether they find employment or not in urban

areas, they still go to the urban areas to live. Hence

educational levels and the nature of this education must be

considered in planning for water demands in urban areas.

3. Educational Levels

Kenya's primary, secondary, technical and university

education has increased rapidly over the years since

independence. More schools of all categories have been

built and enrolment in them is ever increasing. The effect

of this as has bern st Ai;e :i:, that all the &-racluates frcn:

these schools will be going to the urban areas to work cuid

live there. This in turn necessitates a rational master

plan for adequate provision of water and wastewater facilities

in urban areas.. This in turn costs more money to construct,

operate and maintain water and wastewater treatment

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 tc 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
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thus there will be greater water demand.

4. Role of Family Plannin Prourammes

A community or country whose pcpulation is increasing

very rapidly, such as Kenya's vill lack the necessary

amenities of life (e.g. water, food, clothing and shelter

and many other necessities of modern life) 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 paanning programme aimed at -reducing the

population growth rate. If such a programme is successful

it may help to reduce the expenses toward the constructicn

of sewage and water supply treatment facilities as well as

1 ,ajIIULJ, U!. wc.uI Ieut:U, Uo u.*Dfy Wi t

in a household (at family level) and in a whole nation

or comnunity. Kenya's five year plan (1974-1.978) 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.

Sources of Water Supp

A country. that is endowed with plenty of natural

water resources from rivers, lakes and groundwater which are

supplemented by good climate which causes the necessary

precipitation is lucky because its population can have

access to adequate water supply. The opposite is the case

in a country that is not so very well endowed with natu.l

water resources. In fact the natural water resources arc
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the limiting factor since if there are none a population

cainot be served with water. Therefore planners in water

development should know the sources of water supply and the

quantity of water likely to be derived from such sources for

human and livestock use. Water from such sources moreover, must

be of good quality for human use. If not, the water must be

treated specially to make it useful for hiumans. This costs a

lot of money. When qnantities of water derived from such

sources are known, then it is possible to plan for water supply

for a known population. Kenya has lake, river and ground watear

sources. The river resources are the best source for Kenya's

water supply. To develop such water source in Kenya for human

consumption is a costly affair as it requires a lot of money

and capital. Once a water supply has been built, the water

requires tGreatment. Excepting supplies from springs which

need only chlorination, supplies from river sources require

full treatment - coagulation, sedimentation, filtration and

disinfection. This kind of treatment is much more expensive

than the treatrnnt 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 groundwater

or boreholes.

Treatment of water from boreholes is not as expensive

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 SunPly 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 not enough of

them. Skilled supervisors are not available in adequate

numbers.

There are a number of reasons for dearth of trained

personnel and skilled workers for water supply and sewage

treatment works. Firstly, there are-not enough places

available for training such persons relative to the

present demand for training. Since training of such people

is ba3ed on apprenticeship there are some employers that

do not have adequate facilities for training their employees

and as such they are no't licensed by the government to

train them. Secondly, there are employers (private) who

are not in favour of employing High School Graduates who

are so 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 sa].aries offered by these bodies are not attractive

enough. Closely related to this phenomenon is the fact that

people who are qualified to train such people also do not

want 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 case of expatriates who form

the bulk of the best qualified persons to train other

.?eople. When better salaries are offered and more training

opportunities are offered, Kenya wlll not suffer from lack

of personnel and skilled workers for the job of construction,

operation, and maintenance of water supply and sewage treatment

works.

7. Cost of Construction of Water Supoly and Sewage

Treatment Facilities

As has been pointed out, Kenya has the capacity for

the construction of the above facilities using both local

and expatriate knowhow. However, problems are experienced

q~~~l i' rr1c~ -In tk Ono ~rc+ rVP-%- Jnl 1i r mr

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 loans and grants from bilateral

and international organisations. However Kenya has to get

enough money for operation and maintenance of water supply

and sewage treatment facilities which also include

recurrent expenditure for administration. This is the aspect

of water development 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. Financina' Water SuI-y Administration, Oneration

and Maintenance

There is shortage of funds provided by the government

for recurrent expenditure on water supply, operation 
and

maintenance. Currently the government has allocated

£ 250,000 - P 300,000 for water supply administration,

operation and maintenance. This amount is about 20 per

cent short of the satisfactory amount 
required t'o provide

the population served with water and sewage facilities.

The amount needed should cover provisions 
for skilled and

semi-skilled labour, fuels, chemicals, 
transport, miscellaneous

material and equipment, supervision and administrative

services.

It is to be noted that each water supply development

entails an additional running cost embracing more men,

fuels, chemicals, etc. which in turn need adequate recurrent

funding. The funds must be provided in order to make water

available for the population.

In view of the above observations, it is not economical

to restrict water production because this 
will reduce water

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 circumstances is to fix the price of water at 
a level

which can be afforded by both the poor and 
the richer segments

of the population, but a price level which will produce

enough income to cover a predetermined portion of total cost,
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including development. In urban areas sewage treatment

.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 Canital Value of

Water Sunly Installatjons and the Running

Expenses

It has been noted (in the case of Kenya where there

are a large number of water supplies of various kinds where

the "average" supply does not vary greatly) that as the

installation asset value grows over the years through

development carried out and completed, so does the recurrent

cost.

It should 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 Materials

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 materials

needed for the construction, operation and maintenance of

water supply and sewage treatment facilities have also

incrcasxed. 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



- 209 -

materials and labour today is estimnated to be approximately

id 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, chemists, and

others, the non-local (expatriate) portion makes up 25.5

per cent - a rather high percentage considering that the

expatriates earn a higher salary than that of the local

experts. Consequently, as pointed out before, there is

lack of expertise in important areas of work pertaining to

construction, operation and maintenance of water supply

and sewage treatment fp.i].ities benause it ..s the

expatliates who form the bulk of the experts at the top.

If Kenya could train its owm local highly qualified staff

in these areas which need their skill, it might reduce the

expenditure pertaining to salaries which are now paid to

expatriates who earn more than local staff with the same

qualifications.

12.. Effect of Unemoloyment

As has already been stated, about 80 per cent of

Kenya's labour force is unemployed. This has an effect on

the total water consumption which would be higher if this

section of the population had wage employment. The rationale

here is that with employment these unemployed people now

numbering 5,215,300, would be in a position to pay for their

water consiin-ption. 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 Wa;7e

Employment

At pres'ent because the private sector (private firms

and industries) offer higher salaries than the public

sector (the government), there are more people employed by

the private sector than by the public sector. There are

468,700 people employed by private sector as compared with

340,600 people employed by the public sector. Thus the

private sector has employed 128,000 more people than the

public sector. The effect of this is that the government

is short of emp.oyees who otherwise would be empoyed on

the jobs which, for example, pertain to construction,

operation and maintenance of water supply and sewage treatment

facilities. More employees 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

this also has the effect of creating more recurrent expen-

diture to operate and maintain additional water supplies.

14. The Effect of the Average Income ner Family

The average income per year per family in Kernya is

only K.£ 300 (K.shs.:6,000). This income is too low for

people to wa,', to make full use of piped water which must

be paid :1or. Consequently many employed people in Kenya

cannot afford living in homes where they have to pay a
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substantial amount of money for their water. This has the

effect of reducing. the amount of income or 
revenue that the

government could derive from water charges as it also has

the effect of discouraging plans for expansion of the number

of water supplies needed by the population.

If wages are increased adequately to take 
care of

such expenses as water, it is likely that the government

may collect a little more revenue from water than it is doing

at the moment. But raising the incomes of individuals also

entails educating Lhe population and giving people skills

and knowledge necessary for work and expertise required in

many fields. Henice this also has the effect of extra

expenditure by the government on educational 
expansion.

15. Expanding Rural Water Su. oies ari Wastewater

Facilities

Rural population 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 facilities in their

homes or in their communities because of certain taboos

which restrict such sharing of water with certain individuals

and relatives. This attitude is observed both in rural

and 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



212

to establish water supplies in rural areas must consider

people's attitudes, toward water usage. Individual water

connections would be ideal but rural population is poor and

many people cannot afford to pay for their water. For

those who cannot pay for their water it seems that the only

alternative possible is the establishment of conmtual water

points whose supply can only be used for drinking, cooking

and bathing at home (not in the actual corafunal water

spots from where individuals will have to draw water and

carry it home).

The spirit of "self-help" (Harambee) in rural

areas has made ft" possible for people in different coanunities

in Kenya to construct their own water supplies using

their' own resources. This has greatly reduced government.

expenditure on construction of water supplies in rural

areas. Due to poverty, which makes it impossible for rural

people to construct more sophisticated water supply

and wastewater facilities whose cost of operation and

maintenance they cannot meet, it would be worthwhile to

advise rural people to use pit latrines' which are cheaper

to construct and maintain.
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APPENDIX A

DEXOGRA'iIT.C AND TEC1M0L6tsY DATA

Please check the nppropriate category in each question. If exact figures

are not available, give the closest estimate.

POPULATTOIN

1. Present Population - The figure or estimate of the present population

shoIuld 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 - 50,000

(4) 50,000 - .00,000

_ .. (.5) W ie~r (speCcify) ,,, n .. Or .. . ... .... . ....... ,.R.. ... .

328,357 47,200 12,454 13,413,000

For each question from number 2- to number 9, if local or site figure is

not available, please use national figure and also indicate hether it" is

national or local figure.

2. unual population growth rate*

L: I National J Local

(1) Less than 1%

(2) -1% 3%

X (3) 3. - 5% 3.5%

(4) 5% -0%

(5) 10% - 20Z

(6) Greater than 20%
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3. Life expectancy of population in years

National j] Lo al

(1) Less than 40 years old

(2) 40- 50

x (3) 50 - 60 57.2

(4) 60+

4. Birth Rate: The average number of newborn each year per 1,000 popu-

lation.

E3J National l Local

(1) Less than 10

(2) 10- 30

(3) 30 - 50

X (4) 50 -100 50

____~. 00 -200

(6) More than 200

5. Infant (under one year of age) mortality rate per 1,000 population
each year.

-1] National D Local

(1) Greater than 100

(2) .50 - 100

(3) 30 - 50

._L_ (4) 10 - 30 17

(5) Less than 10
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6. Survival Rate: The percentage of inhab'tant" expected to survive

during any given year.

National Local

(1) Les than 80%

(2) 807. - 90.

(3) 90/ - 95%1

(4) 950 - 977.

X (5) 97% - 99 98.46

(6) More than 99.

7. % )f Emirants: TILe percentages of the total pcpulation that leave

the area and begin to live in another community each. year.

E- Na at. onal i Local

X (1) Less than Y'

(2) 17. -.

(3) 3% - 57'

- (4) 57- 10.

(5) 10% - 207

(6) Greater than 20%

8. % of Immigrants: The percentages of the total population 
that have

just arrived to live in the community on a permanent 
basis each year.

National [ Local

( (1) Less than 17.

(2) 1 - 3.

(3) 3%/- 5%

(4) 5%- 10.

(5) 10. -2

(6) Greater than 20%



9. Calories intake per day per person

N National E-1 Local

(1) Less than 1,000

(:) 1,000 - 1.500

(3) 1,500 - 2,000

X (4) Greater than 2,000 2200

TECOITNLOG'

10. Level of water treatment technology development in the local coimm

rype of water , of ponultion Serve d j

S t ~ySvscem 0-25% F 25-50' 50_____-i0_

(1) Central 1 - .:
village or
street pun~j

(2) N K
s u p p l y 

Y

U , to v Lz. Ihouses ° 1iI 
l

11. Level of sewage treatment technology development in the local co.

of System % of Ponu.-ition P -inz Ser,ed

IyP0-25%I 2 5-5/

(1) Sewage .

colNecN N*
system

(2) Sewage M K

treatmen N j

Key- 14 - Mombasa

K - Kisumu

N - Nyeri

* Main tovm sewerage

Town plus separate systems



in the Judgcment of the respondent, which of the following most

appropriately describcs this project.

12. Tcchnology Advancement

X 14,K,N(I) Simrply transfer of a process that had been successful elsewhere.

X N (2) An adaptation of another process but zltered 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 br-eakthrough for enhancing the development of this country.

x AN( 2 ) An irrmportant feature for the local people but not significant

.- L to overall devclop.-ment of the country.

(3) Redundant, of little use to the people.;

Kev: M - Mombasa

K - Kisumu

N - Nyeri



APPENDIX B

SOCIO-ECONOLNIC DATA

Chckthe .pjroriate cateqory for the fol [Ioing.

1. Average level of education obtained for the community.

high Technical
Level None Primary School Institutc College

(1) 9, 4% 1% 0% 0%

(2) 00 19% 7% 3% 1%

(3) 55% X 22% 14% 6% 3%

(4) 9% 34,. 42% S-1 7%

x 60% 1.7% 0.06% 0. 06%

nr 7 ;3iw r- ,1 .i+' r, n-

Level Unsk iled Semi-Skilled Professional

_ (1) 977. 2% 1%

(2) 80% 16% 4%

- (3) 61% 27% 12%

(4) 45% 307 25%

x (5) 6.41% 1.80% 0.17%

.3. Annual average income per family in your country currency,

300 Kenya pcunds
amount unit

If available, also check the approximated U. S. dollars equivalency of
this amount shown in the following

--- () ess than $100
X (2) $100 - $1,000 $ 750

(3) $1,000 - $3,000

-. (4) Creater than $3,000



4. Among the highly skillful and technical workers (for example, engineer,
chemist, etc.) what percentages of these are non-local or non-native
people.

(1) Less titan 10%

(2) 10% - 25%

x (3) 25% - 507. 25.5%

(4) 507 - 75%

(5) 75% - 100%

5. Are the priurary and secondary schools operated by voluntary or
missionary organizations?

X (IJ Yo l (2) N1o
of themn

6. What is the highest grade offered by local schools on a.regular basis?
(Circle one)

x xy
1 2 3 4 5 6 7 8 9 10 11 12 12 1- Not m

7. If the number selected in #6 above is less than 12, how far away is the
nearest high school offering the 12th grade?

(1) Less than 10 miles (or less than 16 kilometers) Not applicable

(2) 10 - 30 miles (or 16 - 48 kilometers)

- (3) 30 - 50 miles (or 48 - 60 kilometers)

(4) Creater than 50"miles. (greater than 60 kilometers)

(5) Other (specify)

8. Are there any technical or vocational schools in the comu-nunity?

x (1) Yes (2) No

9. 114s the community achieved compulsory primary education of at least six

years?

(1) Yes x (2) No
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11). Ari! therc any formal in-servlce training programs by either the government

or local industry for their employees?

x (I) Yes - (2) No

ii. Is there a college or university in the community?

x (I) Yes (2) No

12. Does the university have a chemistry department or 
laboratory?

(1) Yes - (2) No

13. 11ow do you rote the ability of the community to finance a water and

sewage treatment project?

(1) Unable to repay; the project is a pure charity scheme because

the beneficiaries are poor.

x (2) Limited ability to repay; however, the social bencrfits cxcecd

the social costs. - For Mombasa, Kisinu -and I yeri

(3) Repayment prospects are good; the beneficiaries have compara-

tively high incomes.

14. Is unemployment widespread?

x (1) Yes- • (2) No

If available, give the percentage of unemployment among the total population.

92.8 % of unemployment

|. j. Are advisory services widely available to farmers for community develoo-

rnwtor for other programs designed to upgrade the skl1s and enlist

the participation of the masses?

-_x (1) Yes - (2) No



16. Do most college or university students of the comt.,unity receive their

education in neighboring cormnunities, neighboring countries, or

other foreign countries?

-- (2) Yes X (2) No

17. Mhe level of technology available can generally be classified as
) Hand tools

X (I) Hand tools only and some

x (2) Mechanical tools (i.e., gasoline powered equipment) mechanical
-__ 

tools

(3) Chemical products (fertilizers, chlorine)

(4) Electrouic technology

18. Does the government dominate the labor market?

(1) Yes x (2) No

19. Are public employment services readily available?

But they
x (I) Yes -are not- (2) No

ve.'v effi ci ent

Questions 20 - 23 relate to the availability of materials and equipment.

Check those items that are never available in the Community.

20. Operation: Which of the following are never available in the local

community.

(1) Meters Not applicable

(2) Laim mowers

(3) Blowers

(4) Recording devices

(5) Laboratory equipment

(6) Portable power plant

(7) Motors

(8) Pumps
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21. Process: Which of the following are never available in the local

comnunity.

(1) Pipe (clay, steel, cement, plastic, copper, etc.)

(2) Pipe fittings

(3) Paint

(4) Valves

(5) Tanks

(6) Gauges

X (7) Veat exchangers

22. Operation and Maintenance: Which of the following are never availabie

in the local community.

(1) Silica sand Not applicable

(2) Graded gravel

(3) Clean water

(4) Gasoline

23. ClIemicals: Ihich of the following are never available in the local

(1) Al2S%' (aluminum sulfate) Not applicable

(2) FeC] 2 (ferric chloride)

- (3) Activated charcoal

(4) Lime

(5) Soda ash

(6) Chlorine

(7) Ozone

(N) Laboratory chemicals

24. M _.Lr Water Source (check appropri.nte category)

X (I) River or stream

- (2) Lake or impoundment

_-_-- (3) Wells

-(4) Sea or brackish



25. Approximate 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
percentage of people in the community that are:

(1) Currently connected to the y'te -m 4%

(2) To be connected within 5 years of
the start of the project %

(3) To be connected within 10 years %

(See. next page)

30. Are industrial and comzercial 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.



25. (1) 5-7 rmill.ion gallons for Mombasa Town
(2) 17,779,080 million gallons for Mombasa Tom.

1 517,000 gallons for N~yeri Tovm
638,160 gallons for Nycri Tovm

S2,300,000 gallons for Kisuoou Tow

2,340,000 gallons for Kisumu Town

29. (1) 2.6% for Kisumu
1 10% for Mombasa

90% for Mombasa

(1) 25% for Nyeri
2)100% for Nyeri
3)100% for Nycri



APPENDIX C

PROCESS DATA

Please supply the following data related to the treatment process of the

project. If there are more than one treatment plant, please fill in OX.,

data sheet FOR EACH PLA,;T.

For Water treatment process, please fill in PART I; and for Sewace treat-
ment, fill in PArT II. Indicate the data cither.in metric unit or in
British unit.

Kisumu To m.,
PART I: WATER TREATMEN PROCESS

1. Type of Process: Lake supplv-coa.ulation. upward. flow, sedi entation,
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 treatment plant.

(1) Fvll* Drilled Well

X (2) F.42 Pre-Tr eac t ..t

(3) PW3 Slow'Sand Filtration

x (4) P 4 Rapid Sand Filter - Conventional

(5) PW5 Rapid Sand Filter T Advanced

- (6) PW6 Softening

.X (7) Pd7 Disinfection

- (8) PW8 Taste-Odor- Fe, Mn

(9) PW9 Desalting - Salt (Sea water)

(10) A410 Desalting - Brackish

(11) i'Wll Coagulation Pressure Filtration

* PWI, PW2, PW3, etc., are process codes used in the OU/USATD project.



* 3. Source

(1) River or stream

x (2) Lake or impoundment

(3) Wells

- (4) Sea or brackish

Sub-treatment methods used

4. Settlin?

- (1) Plain sedimentation

_X (2) Coagulation

(3) Tube or plate

X (4) Upflow

X (5) Coagulation material

X a. Al SO
- ~ .2 4

C, Polymer

d. Other

- (6) Approximate design criter-ia used

British Unit Metric Unit

a. .oading rate (Q/A)

(a) Less than 500 gpd/ft 2or e(a) tss than 20 ta/day

(b) 500- 1,000 or x (b) 20 - 40

( (c) Greater than 1,000 or (c) Greater than 40

.b, Detention time in hours

(a) -iz

: (b) 1- 2-

X (c) 2- 4

(d) Greater than 4



c. Mixing: Moan velocity grad ient: G (= L,wen T-detention tilme).

(a,) 10 - 25 )

(b) 25 - 50 Not appl"'cable

(c) 50 - 75

d. Design capacity

British Unit Ietric Un't
3

(a) Less than 0.5 MGD or ___ (a) Less than 0.025 m /se,

(b) 0.5 - 5 or x (b) 0.025 - 0.25

(c) 5 - 20 or (c) 0.25 - 1.0

(d) Greater than 20 or (d) Greater than 1.0

e. Stirring and/or mixing .devices.

(a) Baffle )

() Air

5. Filters

(1) Rate of flow

2
a. Slow (0.05 to 0.10 gPrn/ft or 0.002 to 0.004 M/rnin)

X b. Rapid (approximately 2 gpm/ft2 or 0.08 M/min)

c. Greater than 2 gpm/ft
2 or 0.08 M/min

(2) Filter media

X a. Sand

b. uiti-media

c. Other



(3) Ilydraulic mean size (10% by weight on sieve analysis)

a. 0.2 mm

X b. 0.6 ram

C. 1.0 mm

(4) Depth of media

British Unit Metric Unit

a. Less than 40 inches or x a. Less than 100 cm

b. 40 - 50 or b. 100 -.125

c. Greater than 50 or c. Greater than 125

(5) Controls for backwash

a. Mechanical or hydraulic

X b. Simplified or operator controlled

(6) Direction of flow through filter

X b. Down flow

c. Both

(7) Control of Filtration rate

a. Rate controller

_...b. Declining head

c. Siphon head

d. Other (specify)

6. Disinfection Method

x (1) C1 2

(2) Lime

(3) Ultra-vidlet

(4) Ozone.

-- (5) Other



PART II: SEWAGE TREAT ENT PROC.ESS - Kisumu Existing Sewage Treatment
Works

1. Type of Process: Convent io'nal-nrirnary sedimentation. bi of i.ters, hurmrus
recirculation

2. Please chcck the appropriate treatment process ori processes in the

following which fit the one(s) used at your treatment plant.

X (1) PSI Primary - Conventional (e.g., settling and discharge)

(2) PS2 Primary - Stabilization Pond

X (3) PS3 Sludge - Conventional (e.g., anaerobic digesters)

(4) PS4 'lludge - Advanced (using :ommercial filters)

- (5) PS5 Sludge - Combined Inhoff

X (6) PS6 Secondary - Standard Filter (e.g., slow-sand or trickling

filter)

- (7) PS7 Secondary - High Rate Filter (e.g., high rate trickling

filter)

(9) PS9 Secondary - Extended Aeration (e.g., aerated lagoon, Dutch

ditch)

-- (10) PSI0 Disinfection (e~g., chlorination)

X (Ii) -- Irrigation, dilution -Humus tanks and recirculation

3. Type of separate sludge treatment

X (I) Anaerobic

(2) Ilea ted

(3) Vacuum filter

X (4) Aerobic

(5) Mixing
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4. Sludge disposal

--- (1) Incineration

(2) Fertilizer

---- (3) Others (specify) .

5. Design capacity

British Unit Metric Unit

(1) Less than 0.1 MGD or (1) Less than 0.004 1 3 /sec

- (2) 0.1 - I or (2) 0.004 - 0.05

x (3) 1 - 5 or x (3) 0.05 - 0.25

(4) 5 - 10 or (4) 0.25 - 0.5"

- (5) Greater than 10 or (5) Greater than 0.5

6. Type of screens

X (1) Manual

x (2) Nechanical

(3) For grit rcmoval

(4) For greasc or floating wastes removal

7. Primary treatment design

(1) Loading rate in clarifier, (Q/A)

British Unit Metric Unit

x a. Less than 750 gpd/ft2  or a. Less than 30 m/day

b. 750 -1000 or b. 30 - 40

c. Greater than 1000 or c. Greater thin 40

(2) Dentention time (t)

a. Less than 1 hour

b. I - 2 hours

x c. More than 2 hours



8,. Secondary treatment design

(1) Tricklirg filter

British Unit .Metria Unit

X a. 0.1 - 1.0 1b-BOD/yd /day or X a. 0.06 - 0.6 Xg-WD/in /day

b. 1.0- 4.5 or b. 0.6 -2.6

c. 4.5 -6.0 or - c. 2.6 - 3.5

d. 6.0 - 25 or •d. 3.5 - 15

c. Greater than 25 or . e. Greater than 15

(2) Sand filter loading (N/A)

British Unit Metric Unit

a. Less than 50 Ib-BOD/acre/day - a. Less than 5.0 S-OD/rn2 Ilay

b. 50 -100 or b. 5- 10

c. 100 - 250 or c. 10 - 28

d. 250 -500 or. d. 28 -56

- c,. Greater than 500 or e. Greater than 56

(3) Activated sludge loading by r.SS (mixed liquor suspended solids

VII0D/VSS)

- .. 1/1 or less (N/A)

b. 2/1 to 5/1

C. 10/1 to 20/1

or by Aeration (N/A)

British Unit Metric Unit

a. 0 - 30 lb-BOD/1000 CF or - a. 0 - 0.50 Kg-BOD/m

b. 30 -60 or - b. 0.50 - 1.0

c. 60 -300 or - c. 1..0 - 5.0

(4) Aeration devices

a. Compressed air

b. Brushed N/A

c. Surface aerator

d. Paddles

e. Other



(5) Oxidation pond loading N/A

British ' ni Metric Unit 9

a. Less than 20 1b-BOD/acre/day a. Less Ulan 2.2 g-BOD/m-dc2 y

b.' 20 - 50 or b. 2.2 - 5.5

c. 50 - 150 or c. 5.5 - 17

d. Greater than 150 or d. Greater than 17

(6) Aerated lagoon N/A

British Unit Metric Unit
2

a. Less than 100 lb-BOD/acre/day a. Less than 10 g-BOD/ni /day

b. 100 - 250 or b. 10 - 28

c. 250 .- 500 or c. 28 - 56

d. Greater than 500 or d. Greater than 56



PAI.T II: SEWAGE TREAITENT P-OCSS -S " Kisumu - New Sewage Treatment ,,orks

1. Type of Process: Waste stabilization Ponds-Facultative 
+ 2 " at-uratio:

2. Please check the appropriate trcatment proccss or proce;ses in the

following which Ait the one(s) used at your treatrent plant.

- (1) PSI Primary - Conventional (e.g.', sttling and discharge)

X (2) PS2 Pri.mary - Stabilization Pond

(3) PS3 Sludige - Conventional (e.-., •anaerobic digesters)

(4) PS4 Sludge - Advanced (using couwnercial filters)

(5) PS5 Sludge - Combined In-hoff

(6) PS6 Secondary - Standard Filter (e.g., slow-sand or tricklin,

filter)

(7) PS7 Secondary - High Rate Filter (e.g., high rate trickling

filter)

( (~) i' ,.) 5;. c,,.; . -8ep: ,

X (9) PS9 Secodlary - Extended Acration (e.g., aerated lagoon, Dutch

ditch) - Maturation (Aerobic)

(10) PSI0 Disinfection (cg., chlorination)

(11) -- IrrigaLion, dilution

3. Type of separate sludge treatment 1/A

-- (1) Anaerobic

(2) Heated

(3) Vacuum filter

(4) Aerobic

- (5) Mixing
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4. Sludge disposal

(1) Incineration

x (2) Fertilizer

(3) Others (specify)

5. Design capacity

British Unit Metric Unit

- (1) Less than 0.1 NGD or -- (1) Less than 0.004 m3 /.see

-_ (2) 0.1 - I or (2) 0.004 - 0.05

x (3) 1 - 5 or x (3) 0.05 - 0.25

(4) 5 - 10 or (4) 0.25- 0.5"

- (5) Greater than 10 or -. (5) Greater than 0.5

6. Type of screens

(I)u ,

- (2) Mechanical

X (3) For grit removal

(4) For 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/ft 2  or - a. Less than 30 m/day

b. 750 -1000 or-- b. 30 - 40

c. Greater than 1000 or c. Greater than 40

(2) Dentention time (t)" N/A

a. Less than I hour

b. I - 2 hours

c. More than 2 hours



8. Secondary treatmeat design

(1) Trickling filtcr N/A

Briti.sh Unit Metria Unit

a. 0.1 - I.0 1b-BOD/yd / .'y or a. 0.06 - 0.6 Kg- DOD/ /dz

b. 1.0 -4.5 or - b. 0.6 - 2.6

c. 4.5 - 6.0 or - c. 2.6 - 3.5

d . 6.0 -25 or d d. 3.5 -15

c. Greater than 25 or c-. . Greater than 15

(2) Sand filter loading N/A

British Unit Metric Unit

a. Less than 50 ib-BOD/acre/day a. Less than 5.0 g-BOD/n 2 /day

b. 50 -100 or b. 5 -10

c. 100- 250 or c. 10 - 28

d. 250 -500 or - d d. 28- 56

- . Greater than 500 or c. Greater than 50

(3) Activatcd luIudge Toading by I.LSS (mixed liquor susper.ed solids

- ... N/A

a. I/I or less

b. 2/1 to 5/1

C. 10/1 to 20/1

or by Aeration N/A

British Unit Metric Unit

a,. 0 - 30 lb-BOD/I00 CF or - a. 0 - 0.50 Kg-BOD/m
3

b. 30 - 60 or b. 0.50 - 1,0

c. 60 - 300 or C. 1..0 - 5.0

(4) Aeration devices

a. Compressed air

b. Brushed

c. Surface aerator

d. Paddles

e. Other



(5) Oxidation pond loading

British U:it V-tric Unit

- ., L0ss than 20 ib-BOD/acre/dny - a. Less than 2.2 g-2O /n2/'y

b. 20 - 50 .or b 2.2 - 5.5

x c, 50 - 150 or x c. 5.5 - 17

d. Grealer than 150 or _--- d. Greater than 17

(6) Acrated lagoon N/A
.1

British Unit Metric Unit

a.. Less than 100 Ib-BOD/acre/day a. Less than 10 g-BD/m2/day

b. 100- 250 or - b. 10 - 28

c. 250 - 500 or c. 28 - 56

d. Greater tha 500 or d. G-'eaLc than 56



APPETD!X D

DATA IDITIPfICATION

FACILITY TITLE:

Ki-All Toltm WJater Suply and Sewva.e Treatment Facilities

RESPOflDENT:

N m-e J-hua Oiro BSc.(CIV. En., M. Sc.. (S.E.), M.I.E.K.

Title' Acting Tovrn Kineer

AddrCess M1 1nicioitY of KisumU, Tovm Hall. P.O. Box 105,
Kisilu, Kenya.

OWNERSIITIP OF TE FACliTY:

Municipalitl o2f Kisumu

Owner's Address: Municipality 
of Kisumu, Tovm Hal.l

NAME OF CO.IINIITY TO BE SERVED BY THE FACLITY:

Towm or-City: Ki.sumu To-,-

State or Province: Nyanza Province

Country: Kenya



DATA IDENT! FICATION

FACILITY TITLE:

Nyeri Tovm Water Supply and Sewage Treatment

Facilities

RESPONDIENT:

Name: Mr. P.C. Shelat, B.bc., B.E.(Civil)

Title: Towm Water Engineer

Address: Provincial Water Engineer's Office, Nyeri Tvm,

P.O. Box 1343, Nyeri, Central Province, Kenya.

OWNERSHIP OF THE FACILITY:

Nyeri Municipality.

Ovner's Address: Nyeri Town, P.O. Box ].343, Nyeri,

Central Province, Kenya

NAME OF COrq4UNITY TO BE SERVED BY THE FACILTTY:

Town or'City: Nyeri Tovm

State or Provihce: er± l nrrvine.

.Country: Kenya



APPE 'DIX D

DATA IDE ITIFICATION

FACILITY TITLE:

Mombasa Town. Water and Sewage Treatment Facilities

RESPONDIThT. a. Mr. P.C. Patel, C.Eng., M.I.C.E. (Sewage)

Name: b. Mr. Peter Ouma (Water Supply)

Mr. Patel, Principal Assistant Engineer, Design 
and

Title: Onve1Q~e+ To r. 11 " J, r: i al Cnoincil

Mr. Ouma, Water Supply Assistant
Address:

* For Water Supply) ee below
**For Sewderage

OWNERSHIP OF THE FACILITY:

Mombasa Municipal'ity

Owner's Address: Mombasa Municipal Council

P.O. Box 9OA140, .Nomosa. Kenya

NAME OF COMMI4UNITY TO BE SERVED BY THE FACILITY:

Town or City: Mnornasa- T,.m

State or Province: Coast Prov-jir-e

Country: __e__ _

* For Water Suppl;y: Water Development Division, Mombasa Provincial

Headquarters, P.O. Box 82276, Mombasa, Kenya.

** For Sewerage: Principal Assistant Engineer-Design and Development

Mombasa Municipal Council, P.O. Box 81861, Mombasa, Kenya.
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APPE, YI E

"T ~ ~ ~ .. ... *1T 7A - 9AN=1;

KI SP1.I TC',.m?

Plea~se chek the aproiale cAi..-ory related to the -'erti. , of
the t .eatme nt -I,

1. Type of tret-t'-t e Plan t.

x i va~cr tea-,

2) Sewag.e treatment

O PERATOS

2. Avai].ability of t.xza.ned or s'-illed operators

(1) Easy to find

(2) Difficult to find

.3. Existence of a standard or system for evaluating the

qualifications of operatcrs

(1) Yes

-_--_ (2) No

4. Short courses or other trainLng programs for operators ava.,._.aI

- (1) Yes

(2) No

5. Reason for leaving employment at the treat .nent plant

X. (1) Better job

(2) Discharged

'x (3) Others (s.e-cifY)sor-e may choose to leave the work if

they abscond work and they are to be disciplined for it.

6. Average age of o-eraters

• (1) Less than 20 years o1d

x. (2) 2Q-30

5() 30-AO

(4) Older than- 40



7. Qualify of perators

(1) 'Not- dcpcndrable

- (2) Fair

x (3) Good

(4) Exce.llent

o t HK'*..J C --'-S

8. Location (distance) for obtain-ing chemicals

._ (1) Local Soda ash from Lake .agadi

" (2) In-country

(3) Out-of-.coulltry from Britain (chlorine gas) India (Alum)

9. Availability of chemicals

(1) Easy to obtain locally

x (2) Difficult to obtain locally

(3 r t 0 c'hti n n-'1l

(4) Difficult to obtain non-locally

14A0HiNRY, PATS, ETC

10 Causes of machinery breakdov'n

(i) Operator error

(2) Product failure

.. j (3) Others (specify) Lack of spare pbxts.

11. Time interval for replacement of nachinery or parts

(1) Too often as cimxared to the expected life of tho ite

(2) Not as often as compared to the expected life of 
tha i:

x (3) Routine replacement

" 12. Delivery time of ordered parts

'(1) Less than I week x (5) More than orno year

(2) Bietween 1 and 4 "',ks If ordered fro!a
abroad, ad so!.ti2.



13. Parts reolacud are usuxally

x (1) ordered specially

(2) Off the shelf (comr.on parts)

(3) Other (specify) water

14. Repair of machi.nery

(1) Repair ed locally

x (2) Repaired in-country

(3) Repaired out-of-country

.... _•.(4) No repair, replaced by.new one

OPERATIONTAL FAILURE (TEcnTITc11 .

15. Characteristic of raw water causing difficulty in treatment

_ _ (i) Turbidity

(2). Algae(2) Alge Flating islands cause difficulty

X (3) Other s i in the coagudh.tion process tj'.te

Bef/

).6. Operational failure due to the following

(i) Storage

x (2) Pumps bursts in the distribution

(3) Lack of water

(4) Other (specify) ratr

3.7. Failure due to the designed process

(1) Under-designed

(2) Improper .design

_ (3) Adequate design

(4) Over .loading

x (5) Other (3pecify) Io failure due to the design 'e.tcr

. 2 . .".,%: , .



18 .Inspection of plant
._____ (1) Rseular inspection

x a. Local

b. Regic nal

c. Nat ional°

d. 0tho3r (specify) water

(2) Active supervision at the plant

(3) Other (specify) water

19. Laboratory location

_ (1) At plant

..-. (2) Regional.

C (3 entral, -

(4) Mobile

(5) Non-existant

,PROBLES -1OT SOLVED BY PRESENT FAC!L!TY

20. Technical problems of effluent

x (1) Odor of water prom sewage treatment plant

(2) Taste of water

x (3) Color of water Effluent discharged from textile industry

colours the water(4) None

' (5) Other (specify) watc:r

21... Monetary probl..s in operations
x (1) Dctreme difficulty in financing

(2) Mroderate difficulty in financing

- (3) No difficulty in financirZg



APPEDIX E

OPERATI01AL D'T (SEAAGE),...

KISUf. TOWNU

Please check the appropriate category related to the opel"aticn of
the treatment plant.

1. Type of treatment plant.

(1) Water treatment

• (2) Sewage treatment

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

qualifications of operators

X (.) Yes

(2) No

4. Short courses or other training programs for operators available

x (1) Yes

(2) No

5. Reason for leaving employment at the t-eatment plant

x. (1) Better job

(2) Discharged

(3) Others (specify)

6. Average age of operators

() L.ess than 20 years old

x (2) 20-30

(3) 30-40

(4) Cider than 40



7. Qualify of operators

() Ilot dependable

(2) Fair

, , (3) Good

(4) Excellent

CIIErTICALS

8. Location (distanice) for obtaining 
chemicals

X (1) Local

(2) in-country

. (3) out-of-country

9. Availability of chemicals

(1) Easy to obtain locally

x (2) Difficult to obtain locally

(3) Easy to obtain urvn-locally

- (4) Difficult to obtain non-locally

•MACHINERY, PARTS. ETC.

10 Causes of machinery breakdown

(1) Operator error

(2) Product failure

X (3) Others (specify) Lack of spare parts

d

11. Time interval for replacement of machinery or parts

(1) Too often as compared 'to the expected life of the item

(2) Not as often as compared to the expected life of the item

. x (3) Routine replacement

12. Delivery time of Ordered parts

(1) Less than 1 week

(2)' Between 1 and 4 weeks

(V Th..ween 3. and 6 months



13. Partr, replaced are usually

x (i) ordercd specially

(.2) 0ff tbe shelf (comnon parts)

(3) Other (,specify) 
water

sewag r

14. Repair of machinery

(1) Repaired locally

x (2) Repaired in-country

- (3) Repaired out-of-country

(4.) No repair, replaced by new one

OPERATIONAL FAILURE (TECHNICAL)

15. Characteristic of raw water causing difficulty in 
treatment

(1) Turbidity

(2). Algae

(... t' .. . ioaTing isiand.s cause dilficui-y

in the coagulation nrocess sewage

16. Operational failure due to the following

_ (l) Storage

x (2) Pumps - Pump bursts

(3) Lack of water

(4) Other (specify) water

sewage

17. Failure due to the designed process

(1) Under-designed

- (2) Improper design

(3) Adequate design

(4) Over loading

x (5) Other (specify) water

No failure due to the desian s c-ag



.U,.,? . ", ( II', I, C) ,

18 Inspection of plant

X (i) Regular inspection

X a. Local

b. Regional

c. National

d. Other (specify) water
se ..... ~ sewage

(2) Active supervision Pt the plant

(3) Other (specify) water

sewage

19. Laboratory location

x (1) At plant

(2) Regional

(3) Central

(4) Mobile

(5) Non-existant

PROBLEMS NOT SOLVED BY PRESENT FACILITY

20. Technical problems of effluent

x (1) Odor of water From sewage treatment plant

(2) Taste of water

X_____ (3) Color of water Effluent discharged from textile
industry colours the water

_ (4) None

(5) Other (specify) "a -er
s ewage

21. Monetary problems in operations

x (1) Extreme difficulty in financing

(2) Moderate difficulty in financing

(3) No difficulty in financing



22. Operati0L,. , cost and c.pacity

(].) Capaci ty in million gallon/day or in m3/day

2,0..,000 Gallons
Li. oull -c Unit

(2) Total anmnual operational cost

3.752 .857 .1 5 Ka- s h i3 1Lngs
U- -.,I tnit

(3) Annual operational cost for personnel (payroll)

Amount Currency unit

23. Administrative problems

x (1) Personnel

(2) Managerial

(3) Supervisory

x (4.) Operators Lack of qualifibd operators

(5) None

(6) Others (specify) (wa-t,6C )

_ (seage



Please checlk the caro!MiatC catecory related to the overatio' of
the treat,.ment olant.

1. , Type of treatment ,.--.

____ (1) Wre:' t?-Catm.nt

(2) Se-t;-wge treatment

OPESATORS

2. Availability of traired or skilled operators

(1) Easy to find

x (2) Difficult to find

3 Existence of a standohrd or systeam for evaluating the

qualifications of operators

x (a.) Yes

(2) No

4. Short courses or other training programs for operators availab-

x (1) Yes

(2) No

5. Reason for leaving eraplo..nt at the treatment plant

x (I) Better job

(2) Discharged

(3) Others (specify)

6. Average age of operators

(1) Less than 20 years old

.... (2) 20-30

x (3) 30-40

(4) Oldor tha:n 4.0



7. Qualify of operators

( ) Hot Cp a'- -
______(2) Fa.iL

. (3) Good

(4) Ecellent

C11EMICALS

8. Location (distance) for obtaining chemicals

x (i) Local

* (2) In-country

(3) 0ut-cf-country

9. Availability of chemicals

x (1) Easy to obtain locally

(2) Difficult to obtain locally

(4) Difficult to obtain non-local! r

MAC{ITNERY, PARTS. ETC.

10 Causes of achinery breakdorn

(1) Operator error

(2) Product failure

x (3) Others (specify) nciial wear and tear

11. Time interval for replacement of machinery or parts

(1) Too often as compared to the expected 1ife of th- _-it':.:

x (2) Not as often as compared to the expected life of the _'.::.

x (3) Routine replacemeit

12. Delivery time of ordered parts

(1) Less than 1 week

(2) Between I and 4 %,w:occs



!3. Parts.rplaced a-e uua?.ly

x (1) orderedi ui, cia lly

(2) Off the holf (comznon parts)

(3) Other () fy) _ water
sewag"

14o Repair of machin~ry

- (1) Re-paired oc ally

(2) -,,aired in-country

(3) Repaired out-of-counry
this involves some parts

x _ (4) Nro repair, replaced by new one e.g. bearin , ,gskets,
cupleathers, et-.

OPEPTIO9M.T PATLURE (T-.Cji'ICAT:)

15. Characteristic o.f raw water causing difficulty in treatme

(1) Turbidity

(2) Algae

x (3) Other (specify) Nyo failure' v water

sewage

.6., Operational failure due to the following

(1) Storage

(2) Pumps"

(3) Lack of water

x (4) Other (specify) water

sewage

17. Failure due to the designed process

(1) Under-dcsigned

•.(2) Improper.dcsign

(3) Adequate design

(4) Over-loading

* (5) Other (specify) !jv._- . water



UHi'ERi Town S

18 inspection of plant

,,(1) Regular inspection

x a. Local

x b. Regional

X C MrNational

d. Other (specify). wate:,

x (2) Active supervision at the plant
not active at the time of research because

x (3) Other (specify) of lack of a aualified pe.)rson whc .-a3
So o t -via Te H a- thaT -Te.

19. i,-aboratory location

x (1) At plant

(2) Regional

x (3) Central

(4) Mobile

"(5) Non-existant

PROBLEMS NTOT SOLVED BY PRESH211T FACILITY

20. Technical problems of effluent

(1) Odor of water

(2) Taste of water

* (3) Color of water

(4) None

x (5) Other (specify) no physical or cher.Ical probleius water

2.. ,oneta -v problems 'In operations

(1) Extreme difficulty in financing

(2) Moderate difficulty in financing

x (3) No difficulty in financing



22. ODerational cost and c-pacii;y

(1) Capacity in million gallon/day or in m/day

0.6 n_ 1 i i cn__- Callons
A.mo un V Unit

*(2) Total armual operational cost

150, 000 . Kenya shillin,,.s.

Amo u nt " U'o -

(3) Ammi-ial operatoTl cost for personnel (payroll)

* 60,000 Kenya shillings
Ainou. i Currency unit

23. Administ-rative problems

- (I) Personncl

(2) Managerial

"(3) Supervisory

(4) Operators

(6) Others (specify) ___ ___( . -)

___________________________(se )



APPENDIX E

OPER.T1Oi[AL I'P.TA (S--WAGE) j

*NYERI TOW[T

'kease check the appropriate cate;gory related tc the ope.aticn of

the treatment plant.

1. Type. of treatment 1-lant.

(1) Water treatment

x (2) Sewage treatment

* 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 th6

qualifications of operators

(1) Yes

x (2) No

4. Short courses or other training program1s for operators available

x* (i) Yes

(2) No

5. Reason for leaving employment at'the treatment 
plant

(1) Better job
J

(2) Discharged

X (3) Others (specify) people tend to stay on the job

6. Average age of operators

(1) Less than 20 years old

X (2) 20-30

(3) 30-40

X (4) Older than 40 Many people are older than 40



7. Qualify of operators

(1) Hot dependable

(2) Fair

(3) Good

x (4) Excellent

CIHEMICALS"

8. Location (distance) for obtaining chemicals

x (1) Local

(2) In-country

(3), Out-of-country

9. Availability of.chemicals

x (1) Easy to obtain locally

- (2) Difficult to obtain locally

(3) Easy to obtain non-locally

(4) Difficult to obtain non-locally

MACHITERy,? P.RTS, ETC.

10 Causes of machinery breakdovm

(1) Operator error

x (2) Product failure

X (3) Others (specify) Normal wear and tear

ll. Time interval for replacement of machinery or parts

X (1) Too often as compared to the expected life 
of the item

(2) Not as often as compared to the expected life of the item

X (3) Routine replacement

12. Delivery time of ordered partE

(1) Less than 1 week

(2) Between 1 and 4 weeks

x (3) P.etweern 1 and 6 months



13. Parts replaced are usually

x (i) ordered specially

x (2) Off the shelf (common parts)

(3) Other (specify) water

sewage

14. Repair of machinery

(1) Repaired locally

(2) Repaired in-country

-(3) Repaired out-of-country
Parts

x (4) No repair,/roplaced by new one
are bearings and broken parts

OPERATIONALT, FAILURE (TECHNICAL)

15. Characteristic of raw water causing difficulty in treatment

(1) Turbidity

- (2) Algae

(3) Other (specify) .......... .water

N/A no failure sewage

16. Operational failure due to the following

(1) Storage

x (2) Pumps Pumps break dovm
Lack of proper maintenance due to unskilled

x (3) Lack of water labour may bring about opere'tional failure
(4.) Other (specify) water

sewage

17. Failure due to the designed process

- (1) Under-designed

- (2) Improper design

.(3) Adequate design

(4) Over loading

.(5) Other (specify) water

sewage



SUJPERVIS(TRY CON?,:T 1!

18 Inspection of plant

x (1) Regular inspection

x a. Local _ for mechanical problems

b. Regional

c. National for efficiency

d. Other (specify) water

se wage

(2) Active supervision at the plant

(3) Other (specify) water
sew.age

19. Laboratory location

(1) At plant

(2) Regional

(4) Mobile

(5) Non-existant

PROBLEMS NOT SOLVED BY PRESENT FACILITY

20. Technical problems of effluent

(1) Odor of water

(2) Taste of water

(3) Color of water

(4) None

x (5) Other (specify) water
Dissolved oxygen is too low and

"iological oxygen. Demand is too high.

21. Monetary problems in operations

(1) Extreme difficulty in financing

(2) Moderate difficulty in financing

x (3) No difficulty in financing



22. Operational cost and capacity

(.1) Capacity im million gallon/day or in in3/day

Amount Unit

(2) Total annual operational cost

8.000 Kenya .,g
Amoun t Unit

(3) Annual operational cost for persormel (payroll)

2,000 Kenya E

Amount Currency unit

23. Adninistrative problems

•(l) Personnel

(2) managerial

(3) Supervisory

(4) Operators

x (6) Others (specify) (water)

Iack of technical.],y aualified (sewage)
supervision.



Pl ae check the .op_, a, , ct r category rela ed to the o r ,0 'iL of
the treazzient plant.

.'P 0j p -' tf -3 :7 .- , I t. -C-1

X (1) Water tz-eatment
~ (2) Sewage t.atne,

2. Availability of trained or skilled cperators

(1) Easyto find

x (2) Difficult to find

5. Existence of a standard or system for evaluating the

. qualifications of operators

x (1) Yes

(2) Io

4. Short courses or other training programs 'or operators avaiia

x (1) Yes

(2) No

5. Reason for leaving employment at the treatment nlant

"(1) Better job

Ix (2) Discharged They may be discharged for discipiinary reasons

Sx. (3) Others (specify) They may be transferred to other places

6. Average age of cpera.ors

(1) Lezs than 20 yaars old

x (2) 20-30
(4) 01--:r ihn 25-40

___(4.) Olde~r t.han 40'



7.. Qualify of operators

(1) Not dependab'le

x (2) Fair

. (3) Good

(4) Excellent

CHE4ICALe, S

8. ijocation (distance) for obtalning chemicaLs

(i) Local.

(2) In-country

_ (3) Out-of-country" Soda ash is available locally

9. Availability of chemicals

x (1) Easy to obtain locally

(2) Difficult to obtain locally

)() Eati L ulo oLba*i liun-luciiy

(4) Difficult to obtain non-locally

MACHINERY, PARTS. ETC.

10 Causes of machinery breakdowm

" (1) Operator error

" (2) Product failure

x (3) Others (specify) General wear and tear

11. Time interval for replacement of na.ch_'aery or-parts

(1) Too often as compared to the expected life of the it :,

(2) Not as often as compared to the axpected .ife of the it-

_ (3) Routine replacement

12. Delivery time of ordered parts

(1) Less than 1 week

(2) Between I and 4 weeks



(.) ordered specia!!y

(2) Off h-,. shelf (comon p:_ron)
Some suppliers have good supply of s are

x (3) Other (speciY) parts but some have to be ordered water

14. Repair of .acinry

x (I) ReI-.r. locally

(2) Repaired in-country

(3) Repaired out-of-country

(4-) o repair, replaced by new o.e

OPHRATICU"!, F.1.. ,jTRE (T COHINTCA,)

15. Char-a'ateristic of raw water causing difficulty in treatment

x (3.) Turbidity

(2) Algae

(3) 0thr p(specify) _,.ater

"se wage

1.6. Operational failure.due to the followirg

(1) Storage

_ (2) Pumps

(3) Lack of water

(4) Other (specify) water

sewage

17. Failure due to the designed process

'x (1) Under-designed

(2) Improper design

() Adequate design

(4) Over-loading

(5) Other (specy)__ _



I %it V -(L> " .;bJ. j i L" ( V

SU"I V XT,7RY C,7TI R'L

.18 inspection ofnlan-

x (1) Regalar inspection

x a. Local

b. Regional

c. Natibna!l

d. Other (specify) fwater

(2) Active supervision at the plaant

(3) Other (specify) "_water

" _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ sewage

19. laboratory location

x (1) At plant"

x (2) Regional Che ical arnd bacterioleaical analysis are done by t-e
General Su'perintendance Company in ITombasa town.

(4) Mobile

(5) Non-existant

PROBLEMS NOT SOLVED BY PRESE_,NTT FACILITY

20. Technical problems of effluent

S_____ (1) 'Odor of water

' (2) Taste of water

x (3) Color of water Water from IHrere Spring has colour in
the rainy season.

(4) None

(5) Other (specify) water

21.- Mo. nt--y prob!ems in oerations

(I) %xtreme difficulty in financiz,

(2) Moderate difficulty in finaricing

_ (3) Ho difficulty in finanicing



M0TvPS1 TOVIN

22. Operational cost and c-,.z it

(1) Capacity in millior galon/day or in rP./day

x 5,- 7_million Gallons
hrIo urL L Uni. t

(2) Total a Lmual operational cost

_ 662,300 Kenya pound

Umouri- I. Uif

(3) Armual operational cost for persorunel (payroll)

K.shs. 600,000 Kenya shil.ings

- AQun- Currency unit

23. Acinistrative problems
I:erso'2uel 'elations ,rith people working in the field

_ (1) Personn-el are not very cordial.- For exc.mple personnel are not
willing to pay field workers'who want night.......

(2) Managerial
There is shorta.:,e of qualified

x (3) Supervisory supervisory staff

- (4) Operators

*(5) None

(6) Others (specify) (.water)

_________________________(sewaste)

....... allowance. Also personnel qre not willinZ
to promote those who show that they deserve
promotion.



APPENTDIX E

OPERATIONAL DATA (SEWAGE) ( ('). a)

"OBASA ISLAND (.,1ON,1BASA TOW.N T)

Please check the appj:opriato category related to the operation of
the treatment plant.

i. Type of treatment plant.

(1) Water treatment

S(2) Sewage treatment Preliminary
(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

qun1.ificatiors of operators

x (1) Yes

(2) No

4. Short courses or other training programs for operators available

x (1) Yes

(2) No

5. Reason for leaving employment at the treatment plant

(l) Better job

(2) Discharged
The people do not move very freely

x (3) Others (specify) because they are used to the type of vrorlk

and cannot get a better suitable job
elsewhere

6. Average age of operators

(1) Less than 20 years old

(2) 20-30

X (3) 30-40

(4.) Older than 40



I4 0rvji '. To W N

7. Qualify of operEttor's

(1) Not dependable

x (2) Fair

(3) Good

(4) Excellent

CHEMICAiS

8. Location (distance) for obtaining chemicals

(1) Local

(2) In-country

(3) Out-of-country

N/A: No'xieed for chemicals

9. Availability of chemicals

(1) -Easy, to obtain locally

(2) Difficult to obtain locally

(3) Easy to obtain non-locally

( A T iff' l *.

N/A
MACHIN}'E1Y, PARTS, ETC.

10 C;3uses of machinery breakdown

(1) Operator error

(2) Product failure

x (3) Others (specify)* General wear and tear

11. Time intcrval for replacement of machinery 
or parts

(1) Too often as compared to the expected life of 
the item

(2) Not as often as compared to the expected life of the item

X (3) Routine replacement

12. Delivery tibme of .ordcred parts

(1) Less than I week

* (2) Between 1 and 4 weeks

(3) Between 1 and 6 months

(A) Petweer 6 rnntbs anld a year

(5) More than one year
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13. Parts replaced are usually

x (1) ordered specially

(2) Off the shelf (ccmmon parts)

(3) Other (specify) water

-. - - sewage

14. Repair of machinery

x (.) Repaired locally

(2) Repaired in-country

(3) Repaired cut-of-country

(4) No repair, replaced by new one

OPERATIONAL1 FAILURE (TECHNICAL)

15. Characteristic 'of raw water causing difficulty in treatment

(1) Turbidity

(2) Algae

l O -ler (.pec!.ifrv) ,,.

N/A sewage

16. Operational failure dt-e to the following

-_ (1) Storage

(2) .Pumps

(3) Lack of water

x (4) Other (specify) water

d Operational failure is a very sewage

rare thing
17. Failure due to the designed process

(1) Under-designed

(2) Improper design

(3) Adequate design

(4) Over loading

x (5) Other (specify) water

Treatment up to date is runniltg
satisfactorily to the max., u .ac.wa~:e

design. There is a need for exters.ion
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18 Inspection of pl-ait

x (1) Regular inspection

x a. Local

b. Regional

c. National

d. Other (specify) -water

sewage

(2) Active supervision at the plant

(3) Other (specify) __water

___ ___ ___ ___ ___ ___ ___ ___ ___ __ sewage

19. Laboratory location

(1) At plantL
The sample tests for effluent are being done

x (2) Regional by commercial chemists in town (General
-- superintcndance)

(3) Central

(4) Mobile

(5) Non-existant

PROBiE.,IS NOT SOLVED BY PRESENT FACILITY

20. Technical problems of effluent

(1) Odor of water

(2) Taste of water

(3) Color of water

_ (4) None

x (5) Other (specify) water

There is a tendency to %.ise sand to wash the -n",I :r
dishes which makes ine sewage sepic oeiore 11 reacaes

21. Monetary problems in operations treatment plant

(1) Extreme difficulty in financing

(2) Moderate difficulty in financing

x (3) No difficulty in financi There is a sewerage levy for
the facility provided which makes the operation self-
supporting.



22. Operational co3t and ca41acity

(1) Capacity in million gallon/day or in M3/day

1 million per day Gallons
X

Amount Unit

(2) Total eainual operational cost

x 400,000 Kenya shillings

Amloun t Uni

(3) Amual operational cost for personnel (payroll)

x 260, 000 Kenya shillings

- Amount Currency unit

23. Administrative problems

x (1) Personnel ) There is lack of suitable people to

X- (2) Managerial ~ do the job in these sections,
particularly sanitary engineering.

x (3) Supervisory)

(4) Operators

(5) None

(6) Others (specify) (water)

(sewage.)
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Plea~o anisw'I'2 ,,e follow-,ng rea'.ied to tie constructiOn cost 0

projnct. f here are more T.-hano:e j.faciy jrolveL, pl.ase f *

in Oi queti.iflaire FOR E"CH

.2 -qwaeu- e

1. Type of the .... f.check v.:hether it is water or

11'. -a. t E... r... .sewaige 1.J.-:, mll.+

_xt-',' r tr,(tent conventional- coagulation, sedimentation,

Type of Process filt:.aton, c-isifec-tjQo.n

Sewaeo treatmeut

Type of the process

2. (1) Year the plant was built 1948 -9.1.50

(2) Population served by the plant 70,000"
35) Constructio cost il us.

or construction Cost in your country 
currency

6,613,312 Kenya shillings

Amount . Cu_ cE.y
(including all phases) First phase cost . £41,474

3. Percent of total cbst for labor

(1) Less than 10%

* (2) l,-2 5

- (3) 25%-50eia

(4) 50r4-75%

(5). 75,-90%

(6). Greater tham 90,'



4. Percent of total cost for .tatari.

(I) Ies than 10P

' (2) l0-,-25

_____ (3) 2 5 -50i

* ___(4) 5 O5,- 7 55

(5) 755S- 90%

(6) Greater than 90%

5. Percent of total cost for engineering fee

(1) Less than 2%

(2) 2l-4%

* (3) 4%-6%

x (4) 6c%-10%

(5) Greater than 10%

• .. (i) Less than 25P

(2) 25 50a

____(3) 50%-75%

(4) Greater than 75%

7, Approximate daily wage for unskilled: labor in, your cout Is

•. currency

.1,0ea shiin
Amount currenc.-v unit

or, if availab]., please eheck the category, of US $. imae.
shown below
(1) _Less than .t1/da-.j

• (2) $1-43/day

(3) $3-5/day'

- (4) $4-10/day

- (5) ,_o,-,,15/day

(6) More than Sl5/day
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Apir::r -. t. da... g u G o sfLi2.e. -labor in your coun±

.. .. a•g -.. US dail ... a-

or, if available, pleis' check, the category of US dol.a
cquivalent shoxv" bclow

(1) Less than US $2/day

(2) $2-r/5day $4

- (3) P5-15 0/dv

(4) $ - - 15/d. Y.

(5) $15- $20/day

(6) More than $20/day

9. Of the total cost spent, for material, what percent of

material w.as found in-country?

(I) Less than ].%

(3) 25%-50%

•. (4). 50-75%
(5) 75%-100%
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FACILITY CONSTRUCTIONI COST DATA (S ,!AGE) 'ATXR'

KISUjMM' TOWN

Please answer the following related to the construction cost of the

project. If there are more than one facility involved, please fill

in 011E questionnaire FOi EACH

1. Type of the treatment: check whether it is water or

sewage treatment.

Water treatment

Type of Process

x Sewage Conventional, Biological tratment

Type of the process

2. (1) Year the plant was built 1948-1950

(2) Population served by the plant

(3) Construction cost in US.$

or construction cost in your country currency

Jumount Currency

3. Percent of total cost for labor

(1) Less than 10

x (2) 10%-257

(3) 25 -50%

(4) 50 -75%

'(5) 755 -9 0

(6) Greater than 90/



4. Percent of total cost for material

(1) Less than 10%

- (2) 1o§,25d

X (3) 25 -5 0

(4) 505-75%

(5) 75i-90%

(6) Greater than 90%

5. Percent of total cost for engineering 
fee

(1) Less than 2%

(2) 2%-4%

(3) 4-6e%

(4) 6%-10%

(5) Greater thep 10%

. n.... of the tota2. labor ro7t sent for sl-iP-l -A

.x (1) .Less than 25%

(2) 25%--50%

(3) 50,-75%

(4) Greater than 75%

7.' Approximate daily wage for unskilled labor in your 
countryts

currency
11.20 Kenya shillings

Amount currency unit

or, if available, please check the category of US $ equivalent

showna bel.ow

(1) Less than $1/day

x (2) $1-$3/day

(3) $3-$5/day

(4) $4-$l0/day

(5) $0-S15/day
(6) More than $15/day



8. Approximate daily wage for s:ill',1 labor in youu "' cour,':

currrflcy

32.00 Kenya shillings

Amlio ti-- Currency unj ,

or, if available, please check the category of US dollar

equivalent shoi.rn below
(i) Less than US $2/day

x (2) %2-$5/day $4. 00

(3) $5-$10/day

(4) SJ-$15/day

(5) $15-$20/day

(6) More than $20/day

9. Of the total cost spent for mc*erial, what percent of

material was found in-cowutry?

(1) Less than 10%
4

(2) 10%.-25%

*(4) 50%-75%

x (5) 750--100%
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FACTiI1  C0IS CTT. '-0: 1 !TA .. ..Q

Please ansWwer the following rela-ed to the const'ruction cost oI Lh
project. .f there are .more t+":..n... one fa(%ili + , involved, 'olease fi.
in O "NE qu"strior-aie FOR EACH

1. Typo of the 1- ' e .--t: check whe ther it is water or
*sewage trea+m.--.t

x ;'ater treatment
full treatment - coagulation, sedimentation,

Type of Process ,

Sewage treatment

Type of the process

2. (1) Year the plant was built 1959

(2) Population served by the plant j,~g3

(3) Construction cost in US....

or construction cost in your country currency

122,955 Kenya pounds
Amount Currency

3. Percent of total cost for labor

(1) Less than 10%

-. (2) 10%-25%

x (3) 25%-50% 30 (K. £36,886.50)

(4) 50-75%

(5) 75%-90%

(6) Greater than 90%



r~ce.t of total cost for material

(1) Less than 10%

(2) 10P25%

(3) 2 5- 50

x (4) 50 <7 5 65% (k. 79,920.75)

(5) 75%-90%

(6) Greater than 90%

5. Percent of total cost for engineering fee

(1)' Less than 2%

(2) 2%-,4%

*2 (3) ,i%-6% 5% (K.,6147.75)

(4) 65 :lo%

(5) Greater than 10%

...'ro xJ. , . ...... .. L,,.o cOzt zr.D t: for --. 1 ..- -.. ... ..

1x i) Less thanm 25% 20% (K. P 7,377.30)

(2) 25%-50%

* (3) 50%-75%

(4) Greater than 75%

.. Approximate daily wage for unskil].cd labor in your country' -
currency

Amount currency uni

or, if available, please check the category of US $ equi.:

shown below

(1) Tess than $1/day

. (2) $l-$3/day

(3) $3-,5/day

. (4) $4-6$10/day

(5) $l0- 5/day

(6) More than $15/day



-ppo--...... da..lY ,e for skilled laboor in your -

_15 111.- e~ s: in-s

or, if available, plecase check the category of U3 1llav

equivaloat shovm below'

- (1) Less than. US ,$2/day

_____ 2 r.;$5/day $2

(3) $5-Q*l0/ day

(4) 1' - 15/ d ay

(5) $:5- 20/6-ay

(6) More than $20/day

9. Of the totalcost spent for material, what percent of

material was found in-covmtry?

(1) Less than 10%

(2) O '2

(3) 255i-50%

(4) 50%-75%
. (5) 751-lOO
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FtLCil.J -  .,o r:).T rCI0: COS~ T A ,, ,',,' ,',, . .

140;KiASA TO:'. (c', ..- ASA ISLAND)

Please 2,nsw,;or the foilow,;ing re..ated to the construction cst of
project. If th-,'e are rlore th.,n one _.acil.'ty involved, please .L..
in ONE questoma:.r O

Type of the tredtmient: check whether it is water or

sewage treo tn~

x Water -vre~n

Type of Process chlorination only

Se,,agcr tr"atment
Typre of the process

2. (1) Year the planat was built 1955-1956

200,000 (17,000 cormections
(2)' Population served by the plant " ). I;.

(3) Constriuction cost in US.$

or construction cost in your country currency

.0..Kenya_pmu4l S
J Amour'b Cure.':r

3. Percent of total cost for labor

.(1) Less than 10%

(2) 10%-25%
(5) 25%'-50%

____ (4) 50%--75

(5) 75%-90%

(6) Greater tha. 90%



4. P' rc:nt of total cost for mateio

(!) Les:5 th-:.n 10%

(2) 0 2 '5
(3) 25-5 0G

x . (4) 5oSP--75-S

(5) 75 .- 9 'i.

(6) Greater tIh,.n 90o

5. Percent of otsl obot for engireering fee

(1) Less than 2%

- (2) 2-4~

(3) 4-6 %

-'- (4) 6 -3.0

(5) Greater than 10

(I) Less than 25%

(2) 25 5o

(3) 5Oc-75%

(4) Greater than 75%.

7. Approximate daily wage for unskilled labor in your country' s.
currency

15.00 Kenya shi.I inrs
* Amount currency uit

or, if available, please check the at egor- of US $ ecuivalen

shown below

( .1) ess than "$1/day

(2) $_1-.83/day $2
* (3) ° -$5/d'"

(4) $4-$10idc-ay

(5) $1l-.15/day
(6) more than $15/day



Arip"O:::'..:.t.: ,- .y w..I for s.il labor in you.r cotr.tr-:
curx e lvcy

.. - (10 Ce a shill in-s

or, if avail.able, pl,;,. cho..: the category of US dollar
equival,.±_t shown below

(2) less than US $2/d.ay

X ( 2 ) -. 1 3 ---

X (3) $5-: I /-ay
• (4) $]OtSday

(5) $15-L2o/day

(6) More than $20/iay

9. Of the total .cost srent -for vr. _, what -percent of

material ..-as found in-country?

(-) Iless than 10%

-~ (3) 25'--5o%

(4) 50o%-75%

(5) 75 -o00%
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FACILITY CONSTiXJCTION COST DATA (SE 'IAGE)( L_

MOMBASA !SL:\AND (MOMBASA TOWN)

Please answer the follol'ing related to the construction cost of the

project. If there are more than one facility involved, please fill

in ONE questionnaire FOR EACH

Type of the treatment: check whether it is water or

sewage treatment.

Water treatment

Type of Process .

treatment Screening and then 
sedimentation of

Sewage sludge which is only r6leased at

---- Type of the process ebb tide (nartial treatment)

(1) Year the plant was built 1963

(2)' Population served by the plant 
30,000

(3) con -struc:ti oi co t in US.$ 7O,0 , • .. 0 ' )

Dr construction cost in your country currency

Amount Currency

3. Percent of total cost for labor"

(1' Less than 10%

*(2) 10,io25%

x. (3) 25%-50% .25% and 30%

(4) 50-75%

-: , (5) 7 -9o%

(6) Greater thanq 90%



4. Percent of total cost for material

(1) Less than 10%

- (2) 10%-25%

x (3) 25%- 50% 40% This does not include any mechanical I
- (about. 20%) - this was imported from overs(

(4) 50%-75%

(5) 75%-90%

(6) Greater than 90%

5. Percent of total cost for engineering ree

(1) Less than 2%

- (2) 2 4 %

x (3) 4%-6% 6%

(4) 6 -i0%

(5) Greater thau 10%

- (1) Less than 25%

x (2) 25%.50% 25%

(3) )0%-75%

(4) Greater than 75%

7. Approximate daily wage for unskilled labor in your count

currency

14-.50 Kenya shillings

Amount currency mit

or, if available, please check the category of US $ equi
.shown below

(1) Less than $1/day

= (2) $l-.$3/day $2

(3) 33-5/day

(4) $4-$10/day -

a(5) $0515/day/d
(6) More t'han 15/day



Appro,.: W daily .P;: for s ., labor in your co.try"s'

curlrency

25.00 Kenya snilli..gs
rnou:. t Currency ullil

or, if availabie, please check the category of US. dollar

equivalent shown below

(i) Less than US $2/day

x (2) $2-$5/day $ 4

(3) $5-$10/day
(4) $1,-$15/day

(5) $15-$20/day

(6) More than ,20/day

9. Of the total cost spent for material, what percent'of

material was found i.n-country?

(1) Less than 1.0%

(2) lo%-25P

x (4)- 50"-75% 65%. This includes ballast, sand, cement

reinforcemer.nt, p.c.c. pipes, timber.

(5) 75c- 100%
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T%:,es of S .c.ary Schools by District

District Goverrment Government Unaided Unaided Unaided Total
7-intained Asiste~ld Iarzmbee Chu__ch Priva e

Taita Taveta 8 - 11 - - 19

Kilifi 5 - 8 - - 13

Tana River 2 - - - 2

Lamu 1 - 1 -- - 2

Kwale 3 - 4 1 - 8

Mombasa 6 3 2 11 22

Coast Prov.
Total 25 3 24 . 11 66

Kiambu 30 2 39 1- 6 72

Nyandarua 7 2 7 - 2 18

Nyeri 21 - 46 7 6 80

Kirinyaga 11 3 21 "2 3 40

Muran.g a 24 2 63 8 - 97

ThikaS.; ni-*,c r, a 4 26

Central Proy o 176 1 E5 1 9 K9Total 97 916I 9 :1

' C r 1 21 110

Kitui 7 5 15 1 e L

Embu 11 2 6 - - 19

Meru 20 3 45 1 2 71

Marsabit 1 - 1 - - 2

Isioio 2 - 1 - 3

Eastern Prov
Tota 66 10 128 5 24 233

Nairobi 25 4 4 5 22 60

Nairobi Prov 22otal 25 42 4
Nakuru- 10 1 3 2 8 60

Kericho 12 - 19 1 - 32

Nandi 6 1 9 1 - 17

Laikipia 2 - 1 4

Kajiado 3 - - 1 4

Niarok 2 - 2 - - 4

Baringo 5 1 4 - - 10

El geyo
Marakwct 3 1 7 1 ].2

Uasin
Gishu 2 1 3 4 -

Turkana 1 - - -• 1

Samburu 1 -3 1 1 - 3

Trano-Nzoia 2 - 3 1 1 7

Wost Pokt 2 - 1 - - 3



-I 1 _-____ _____,.__"_

District Govern2ment Government Unaided Unaided Una.eLc, T: 2.
Loain.t ,. o, c,-  Assi sted Ha,.mbee Chur ...........

Nakuru
irunicipal 2 2 1 4 9

Kitale
Municipal 2 2 1 5

Eldoret
Municipal 3 2 I 6

Rift ValleyProv. Total 55 5 57 15 • 16 ]

Kakamega 25 - 58 3 6 92

Busia 11 1 11 • - - 23

Bungoma 13 2 35 2 2 54

Western Prov.
Total 49 3 1]04 5 8 169

Kisumu 8 10 1 - .19

Kisumu
Municipal 2 -1 - 2 5

Gusii 15 8 32 2 6 63

I "OI 
Ii;JULLA%

Siaya 13 1 10 1 - 25

y'4anza Prov. 159
Total 56 9 75 10 9 159

Garissa 2 - - 2

,ajir - - (?)
Mandera 1 - - 1

North

Eastern
Prov. 3 - 3•
Total
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