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ABSTRACT 

The objective of the thesis is to find the ideal locations 

of additional depots of lairobi City Council's \-later Department. 

The objectiv(! is accomplished in two rr.ajor phases. 

In phase one , a forecast of the numbe1: of leaks expected to 

occur in di~ferent regions of the City, in 1985, is trAde The fer~" 

cast is made through the use of a predictive model, a model t-lhich is 

in form of two three-dimensional equations. To de:relop this model, 

representative regions \11ere selected and the annual nu:nber of leaks 

\11hich occurred in each region, bet• .. reen 1975 and 1979 t-ere found, and ' 

through regression analysis, thP- number of leaks occurring ia a region 

were found to vary or depend on the number of houses and tlte age of 

the pipes in the region. 

In phase two, the total "eight d distances(Distance multiplied 

by predicted number of leal s)> fr.om the possi le locations to the 

repair sites are calculated. The possible locations are then ranked, 

in an ascending order, starting from thos tvith the lowest total 

to~eighted distance. Theoretic- lly, the i~cal locations of additional 

depots should be those with the lot·7C$t total weighted dista cc, but 

the final choice as to wlere Lhe additional depots should be located 

will obviously be influenc d oy non-q antifiabJc factors. 
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1 1 ,TI\0 DUCTIO . 

1.1 A BRIEF HISTORY OF ~, Il 01:H 

'airobi , a Maasai word Hhich means a place of cold wa er> Has • 

esta 1 i shed around the year 1899 as a raih:a} depot for storing ra) l -

ay construction equipment: p-country for the then Uganda Railway . 

Situa ed on that poilit where the Kenya Cen ral Highlandsrnerge into 

tl e Athi river plains, cold crystal clear v7ater was available from 

these highlands, and as such the spot Has i eally selected as a tesLlng 

place after the long haulage from the coast through the hot dry savannah

other dse kno m as yika . The raihJay authorities established themselves 

in t .e sam spot here they are today . They ook or acquired a big piece 

of l .:nd . 

The Admini~tration follo,;-ed in the footsteps of the raih•ay , a d 

airou· ~~s made a Provincial Headquarters for Nairobi environs and the 

.iacl.a'tos area . But t .e central location of airobi, in re ation to the 

British sphet·e of influe nce in East Africa, and especially its close

ness to Uganda- oh'ch ~as of immense econorn·c interest to the British 

(th y ' en t as far as nick-namin~ it (Uganda ) "The Pearl of .Africa") and 

was in fact tl e main reason for building the railway - m<Jd1.1 it a more 

su · t·•bl location for a bead-quarters as opposed to Morr.bnsa, and in 1905 , 

it •~s p oclaimed the capital. By this dat , Nairobi had J.n a space of 

six n:'" grc-.n to a pop lation of 10, 000 people , an impressive g rowth 

1hich ·~s to e tain ... ained in many years to come , and this process of 

rap'd rowth is very muc a present day feature of 1airobi, \-!here 

ru -.] fol< and school leavers are flocking in numbers C!..vc.ry year in 

sea ·c.1 of jobs aud other economic opportuni 'es. 

As be a mi istr tion established itself and security t.tas thus 

g a n ·e d~ uusinessmen s artc coming in mun ers , pio e · d by raihmy 

(w'to ,._c nuinly s '.ans). The a ministrators occupied the hill 

(llo~ jtal Hill A·e.) t-.r.r.c t e air '"'a s repor·edly fresh aml the drainage 

, the A··i~ns occu.t-ied Pdrklan s, an the c · ty centre st?rted to 

as~ i ::; com:nercial rol • ThesC!.. are. s then bee m the nucleu s fo the 

ci 

Du'! ·o r >i grot;! e1n t .c fact that it w s the capital, Nab·obi 

wa" pr~claimed a llunicipality in 1919 as a t> • lude to becoming a city , 

t h; o. ly to•,n in :J, ~ c~untry to be ace rdec.l this status so far . The 
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im ortance of N irobi gre,..• even to greater hei.ghts \>.Ti.th t:l1e (ant incrf!a

se of European settlers, \.tho came o settle in airobi environs and in 

he l':cnyan highlands (\o1hich they fondly referr<!rl to as the 11~1hite lligl

lan s") at the end of the First World Har as part of the: ger era 1 demobi

lization process. These settlers not only engae,cd in politics thus intro

ducing a ne flavour to the life of airohi, but a1 so became big contri

butors to the economic growth of the colony t rough the cultivation of 

a variety of cash crops an the rearing of livestock . ai robi served 

t;.heir needs very \·JCll as an import a d export centre . 

Nairobi which had started as a rail'Hay d potJ had not only becorr.<! 

the capital of Kenya, bu also its commercial centre in addition to eing 

a centre of settler politics, thus surpassing Hombasa in importance; at'\d 

with the co:ning of the i.ndustries , the growth l·:as very rC!pid indeed . The 

earlier grouth of the city was controlled by purely econorr:ic factors, 

and among other things , land speculation ( ·thich has persist d up to this 

day though in a rather mild manner) Has threatening to introduce a I apha 

zard growth not conducive to the provisio!~ of the necess"ry infra truccure. 

A need \-Yas t!'!us felt to control these forces and introduce order to the 

groHth of the city . A to\om planning consultant was appointed to rna e 

recournendation on zoning arrangements in 1926, but there ,.,as no o(fici-1 

crackdo on land speculation and the city continued to grN1 in an 

uncontrolled manner. The trend continued for over tw=•nty years, when 

things attai1 ed crisis proportions, and a m"'ster stcdy Has coiTUnissionnd 

in 1948 to lay do,..'ll guide] ines for the follo\ ing tw~enty years , ·al:'111, •·king 

land for res· dential~ industrial and other uses. The pzcsent day Inc ustr;.a 1 

Area layout ·s mainly. sa result of that study. 

The g.cm·rth of the city, as stated above, was very rapid, and by 

independence (1963) '"hen the admin strative bounciari~s ue1· • be ·ng : djur.t

ed to fit the it ter st of the net.; governm,nt and the country in f;C end., 

the bound· LY of Nairo i was enlarged cons' d_r bly to c:tter for the future 

xpa.nsion \-:hich was surely to come. 

Th:;ougho t this velop. ent ter has pl ed a major role \1, tar 

w s the :tin reason fo · the sitin·r of the city and its ~ubsequcnt gro th 

.rould h. ·e b·cn impo"si l e \·n bou a 1e 1 ,. gt ~ted arJ ma·.n ained 'av•r 

SU ply. < ir(.1bi' S 900,0 0 I:<! Sid nts it TC!ll r dcp,. .d [o · th~ir lives 0 

he wnt '1· suppb ed r·t• t.:lt m by :d rnbi City CflunciL 



1. 2 JUSTIFICATIOt\ OF THE STUDY 

A significant difference exists etwee the amount of water 

supplied to the city and t e amount of water which is finally so d Lo 

the consumers . The extent of this loss is exhibited in the table bela\ 

on a quarterly basis starting from the fourth quarter in 1977 to the 

f i rst quarter in 1980 . 

TABLE l!l:WATER LOSS 

Year Quarter 

1977 4th 

1978 1st 

2nd 

3 rd 

4th 

1979 1st 

1980 

2nd 

3rd 

4 th 

1st 

Average / quarter 

Amount of water 
supplied 

( ' 000 Gallons) 

2,11 9 , 640 

2 ' 089,83 0 

2 , 121 , 390 

2, 050 , 578 

2 , 180,454 

2,309 ' 405 

2 , 281 , 145 

2,393 , 067 

2 , 411' 923 

2 , 578 ' 552 

22 , 53 5 , 984 

2 , 253 , 598. 4 

Water Sold 
( '000 Gallon s ) 

1 , 755 , 034 

1 , 740 , 457 

1 , 761,809 

1, 734, 274 

1 , 790 , 854 

1 , 930 , 825 

1 , 905 , 315 

2 , 009 , 179 

2 , 021 , 357 

2, 069,. 230 

18 , 718,334 

1, 8 71 ' 83 3 • 4 

% Lost: 

17 . 2% 

16.7% 

16. 9% 

15 . 4io 

17 . 9io 

16. 3% 

16. 5% 

16. 0% 

16. 4% 

19.7% 

17 . 0% 

On average 382 million gallons are lost every quarter, which 

means on average 1, 528 mi Ilion gallons arc lost every year. Given the 

charging out rate , '-7e can approximately quantify this loss in monetary 

terms . 

Cur rent (May 1980) 'vatct: charges are as follows:-

( i) The 1st 2,000 gallons c;re charged at a rate of Shs.l2.00 per 

1 , 000 gallons. 

( ii) The 2nd 2, 000 gallons are charged at a rate of Shs.15.00 p .r 

1 , 000 gallons. 

( iii) Over and above 4, 000 gallons at Sbs 17.05 per 1,000 ga llons. 

If for simplicity sake, w~ assume an average charging ·ate o[ 

15.00 per a tltousa d gallons; the City Council · s then los · ng rcvc1un 

to the tune of 23 million c.1i llings per am 1m. This i s no l.tean &urn for 

a CO\IOC • l '• :i.cl, is chronically sl1or · of fund • 
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Loo'·in at t li. loc,;s fro. ri wider perspective , t e rcvcn. e lost 

by the councii is a minor sum co ared to the loss experienced by 

industry and other businesses due to consta t shut-offs e pecially 

during the dry spel s. ~rivate households are also subject to this 

annoying henomer.on of occasional, and at limes prolonged d ·y taps. 

The s id loss is due to leaks and bursts in the vmler system, 

and any step take towards eliminating or at least reducing this loss 

uould • ot only be v:elcomed by the City Hall but also by the wider pu lie. 

This st dy , I hope, is a significant contributio towards that end apa~t 

from being a re~arding academic exercise . 

1. 3 OBJECl'IVE OF THE STUDY 

The objective of this study is to sea reb for the opcimum loca ion 

of additional wa ·er repair depots , so that the city's vrater system can 

be serviced with minimum delay vherever leakages occur. In the preceding 

section, it was shown that there is an u rgent need to control the amount 

of v~ter beir~ lost through leakages. 

The search for the optimum location of the additional depots calls 

for an ace rate forecast of the numbe r of leaks expected to occur in the 

various estates. 

Forecasting is an estimation of how the [u ure will look lil·e , and 

since Llte future is crowded with uncertainty it is an attempt to mini ise 

thir. uncertainty. A reduction of uncertainty opens the way for rationai 

planning to meet the challenges of the unknO\ITn future . 

Decisions whose consequences will st ·etch far into the future 

entail lo:1g-range p ann· g in order to avoid committing initial mistakes, 

which might be irn ossible to correct o r can only be corrected at very high 

costs. Deciding whe~e to locate a given source to serve a number of desti 

n. ·or.s c'1l l s fo · such long ra ge planning. Demand at the destinations 

m st IJ tCCuratcly for casted if at all an optimum location is to be found 

'.1·r~ arc if( r1nt forecascing techniques- qualitQtive as w 11 as 

qu nt · t; ·e. Qu<~ li tative techniques such as panel consensus~ delphi method , 

\: · s~!'. a:;,• fo eca t 7 hi"torical analogy, cross imp<tcL a11.tlysis, eLc., ar~ 

\• 02d 1 tit•ly where h. storical dati:! is scarce or lacking. Quantitative 

t c·l .. iques on th-.1 other hand r ly hea vily on history (historical da a ) 

•·o 111 , 'i.ct th~.; tutur • Example. of important quantitative techniques include' 
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time series modals and causa 1 mo cls . Ti series models such as c- nd 

projections~ oving average , exponenl.i l ootbing, census bure u 

X-11 and ox- Jenkins, Lry to extrapolate t:he past into the future and 

thus the time factor is very important. The underlyine nssumptio o( 

such an extrapolation being 11a future like the past", a just assumpU.on 

(in many cases) for the inunediate future, buL a dangerous assumption 

where the time horizon spans far into the future. Causal mcdels such 

as regression and econometric rr.ode ls on t 1c other hand .:tre directed 

towards explaining the causes - the relationship betvecn a nurr.ber of 

independent variables and a dependent variable. Ca u al models are 

powerful forecasting tools , very appropriate in many business situations 

but also very costly and time - consuming to employ . ~fuich technique to 

employ is a matter of personal decision in each pertin nt case, bearing 

in mind such factors as cost and the urgency of the results. 

In Lhis study I have chosen to use regression models \-7hich I 

have no doubt are the most appropriate for this study. The models are 

used effectively in predicting the future work - load of the Repai Section 

i n the \ ater and Sewerage I:epartme t of the City Council of Nairobi. 

The work- load an<i ho\o." it is geographically spread over the city, 

forms the basis of selecting the optimum locations and number of repairs 

depots to be set- up. Presently only a single repair depot (Kampala Road 

Depot - in the Industri.:tl Area) exists and it does not appear to be 

c entrally located in relation to worl<ing _ites. 

A source of operations should be located in such a place that the 

cost of operations bet\..reen the source and the destj nations is minimised. 

In this study , the purpose is to minimise the cost of operation betNeen 

the depots and the repair sites . The cost to be min "m\sed being the cost 

of travelling between the depots and the sites. The components of such 

cost include among others such va1:iables as fuel cost, depredation of 

vehicles and cost. of non-working hours. One sure ;.·ay of r_ducin~; the 

travel ing cost is by reducing the road di tance between the depots and 

the working sites. Rcducin~ the road di.stauce implies that le scr time 

will be sp,..nt on tr velling an · thus the o ·iprs productivity will b., 

ra;.scd .. l n addition, an cnonno~.;::, amout o[ fu 1 ~1ill be sav~d and the 

vehicles ' depreciatio rate uill be lo,vcre • Raised productiv· ty Jill 

in turn n.can faster rcspor.se o consumer conplaints. In gene r a l by 



lOi.·t r.ing he co t a. c inc rea sing he effie -.cncy of the Repair Sectio 

the co 1sumer will pay le~ s for the t.~atc:r 1 consumC'!;, and his cotrp aints 

\eli 11 be answered much fa ste l: t:han before . 

The total road distance can be reduced by setting up ll'.a ny addi 

tional rcpai r depots t but obviou~ly we c.a1. ot dream of set Ling up a 
a 

large number of depots . The cost of operating suc~Lnumbcr ( depots 

\vould surely exceed the atLcn an benefits . The issue is t us reduced 

to a search for the best places to locate one , or at most t~,oro, additional 

depots. The op_imum l ocation of wate r re air depots, as staLed above, 

entajls an accurate forecast of the work-load for each destin~tion 

(estate ). To forecast the work - load , it is necessary to e>·· mine among 

others , the following ariables : 

i ) Past and projected growth of the city in terms of water needing 

units or facilities e . g . households and indu5trial plants . 

i i) Past incidence of repair \-tOrks . 

These variables and the othe r relevant ones are analysed, and a 

rational inter-relationship betFee these rariables and the incidence 

of re airs established , t h us enabling a lo g-range forecast of work 

load per estate to be made . 

The forecasted work - load per region is used in the search for 

the ideal location of the additiona l depots. 

The study is confined to the City Council \Vciter supply system. 

Private wa er supply systems are excluded - inly due to lack of data ; 

these are relatively tiny and are confined to some parts of the new 

city (the area incorporated into t he city after the changC' of th~ 

oundary in 1963). Private w ter systems are being phased out syste

rr.atically as the su ply is incrca5ed from the various sourc s; nd the 

p ar is to accelerate thi process ~,o,ri.th th completion of Lh@. C ni<! II 

\·ater supply projcc~ w ich is cxpcr. d to be c plct d aroun J 983. 

Chan).:l TI is vlanned to s tisfy the d m.:lnd whi h at Lhe om nt exceeds 

t e supply , aro to climi ate the need for p ·ivate water su!1plies in 

future . 
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Perso al ext ac.tio of primary aud seco .clary data from the 

various exi ting records s been the main method of data collecLion. 

The following have been the main sot.:rces of data:-

i) Daily Complaints Book : 

This is the main source of historical data used for ~cdicLing 

the future n~~ber of repai s expected to occur in the various estates. 

The books which is given extensive coverage in the relevant chapter, 

contains the record of past incidence of repairs. 

ii) Record of Certificate of Occupation: 

Before the bulk of new premises are occupied , the City Cou ~il 

has to give approval, through the issue of a certificate of: occupation. 

A record of all the certificates issued is maintained at the City Hall 

and this record has been used to detenni e the annual increase of the 

number of houses in an estate . 

iii) Billing Sc~edule : 

These schedu es have been used in ascertaining the amount of 

wate1: u sed in an estate over a selected pe ·iod. They contain suarnariscd 

\>Iater consumption figures , on a month-to- onth basis, cove ing all the 

estates, 

iv) Type of Soil : 

It was necessary, at a later stage of the study , to incorporate 

the type of soil into the prediction model . A soil survey map, by the 

Survey of Kenya, v:as very useful in this respect and in fact ·.t Has h<; 

main source of that data . 

v) Area of Estates : 

The areas of the estate were found by direct measurement. The 

instrum~nt used for that purpose ''>as the planimeter. 

The a ove appr.oaches were direct m~thods of obtaining all requi;: d 

dat·, b· t in a fe\ cases the data had to be obtained by a indirect method . 

Indirect methods \vere also applie , and where a high degn!e of accuracy 

in the resulting data \>Tas required et.ough 5.2 cguards \\C e introduc d · o 

~uard gair.st the ciang11r of processing inacctt•· te data. Convc sion c( 

opu tat:ion into t:~e number of houses is the best examplrc! "t·:hcre this 

~rproach was extensive y applied. 
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To supplement the above, or where 1 ecorcled d ta \oms lackin<>, 

personal interviews were conducted. Personal in crviews served an 

added purpose of obtaining expert opi ion o no -quaut ·Hab le vari blcs, 

which have a bearing on the setting up of a depot in any particular 

place of the city . 

In selecting the variables to be incorporated into the forecast

ing model , simple analyses were carried out in each case. After select

ing the appropriate variable, regre ssio n models were used extensively 

in forecasting the future incidence of repairs fer each destination. 

The incidence of repairs per destinatio (estate) were used jn 

selecting the optimum locations of water repair depots. 

Finally, computer programmes were used at appropriate stages, 

to ease the corr.putational burden . 

1 . 5 LIHITATIO OF THE STUDY 

Whereas it \oJould have been desirable to cover .all types of leaks 

and bursts, it is only practically possible o consider ~hose t .at have 
been 

Lreported . Underground leaks which go on for a long time before they arc 

detected were only included at that point \·rher . the oozing wate.r came 

to the surface; before this happens a lot of "mter is normally lost. 

Their early detection can only be done by a specially trained lea dete

ction team , a team which has not been formed yet The cost of mai tain

ing such team would be very low com ared to the revenue \hlch could e 

generated by the sale of the water saved, apart (rom spari g the consumers 

the hardship or \orater shortages. 

] • 6 

The body of the sL:udy is made up of three chapters - c l::tptcr=> t\"0 > 

three and four, 

Chapter two in a sense sets t 1c stage by introducing the reader 

to the City• s organisation for lla ter repairs. 1t is divided into four 

short parts. The first part dwells o. the org.1nis tion of Ll1C! \~atcr: 

Department - how it fits j n he overall orga isation o[ the City Council 

and how it is sub-divided into sections, giving particula1~ at cntion to 

the \\'ate r Repair Section. 



9 

Part wo co centra ·es on water supply, r·c from tJae sout:cE::_ 

up tc tl c point \.ere it is dj 5tributed to tl e v. rio 1s consumer". 

P"arts tlu: e and four arc devot d to the existi g style of opcr.:~tion, 

in th \l:aLer repair section, its shortcomi nns and the necessity of 

setting up additional depots. 

Chapter three can rightly be regarded as t c most important 

phase of this study. In this chapter the detailed methodology of data 

collection is set out, and the collected ata is displayed in suitable 

tables and in other convenient fonns. 1hc data is iu turn a lyse , 

and from this analysi.~, a ste}~by- stc1 de vel opnt n of tl c prcdi::t.i.on 

model is accomplished. 

Chapter four is devoted to the applicatio1 ot the prediction 

model developed in the previous chaptc.:-. The result. of this application 

is the number of leaks expected to occur i . the various est ·es o.E the 

city around 1985. The chapter closes by accomplishing ,.,hat the researcher 

had set out to do at the co cncement of the study - namely specifying 

v1hcr.e additional depots can be located. 

The final (fift!l) chap er s arises the study as a \-Thole. 



2. \·I TER SUP?!. I 

2.1 EXlSTI ~ OR;A I Sl\TION 

2.1.1 Ci y Council of Nairobi: 

T 2 City Council of airobi (hereafter ref rred to as NCC ) i., a local 

authority responsible for the public welfare of approximately 850,000 

residents (1979 census). 

The highest governing body is made up of more than 40 elected (repre

senting the various city \-lards) and appointed (by the Minister fo Local 

Gover~~ent) cou~cillors. The councillors who ere lected for a term of 

five years, elect a r yor fron among themselves who assumes tbc 

Chairmanship of the Council . They nonmally act as a group on matters 

of high policy and ~jar decisions e.g firing of deparG~cntal head . To 

facilitate the decision making process, var.ious standing com:nittees , 

headed by councillors, are set-up to deal with departmental and gener~l 

matters before they are re ferred to the t..rhole counc ·1 where necessa:cy. 

Such committees are :-

To~~ Planning Committee 

Finance Committee 

General Purpose Committee 

i-loi.ks Committee 

Educatio~ Committee 

Social Services Committee 

Staff Con:mittce 

Housing Committee 

Public Health Committe. 

·:ater and Sewerage Committee. 

The committees in turn establish sub-co 11dttees, \-lhich are supposed to 

deal with les se r matters, and to give flr~t. cor: sideration to important 

matters before they are referred to the corr.mittee for furth r approval. 

·or an example. the H.lter and Scwera.,e Ccmm · tt e has the following sub

ccn::rrd l tees:-

\ ater and Se ·~rage Appointr.tents Sub-committee 

U adopted I minagc .Jorl s Sub-com: it.tee. 

The co1:111i tee dcc · sions n l"'d racif·catio" by th council, and some 

im or taut decisicns y th" Cou cil need furthe1: approval by the Mini stry 

of Local Covcrnm .. nt before i m l u1ent .. tion e . g . ad ition of s a .f abo· . 
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establis ent . As is ommon wi h the 

the current level of /commi ttee :::trucLure~ ·he dccision-makine process 

of NCC is full o( r d-tape and is thus v~;-y i 1 c-con~uming . n i tum 

costing between £100 and £500 passes throu,)1 such an elaborate pt:occ

dure that at least a month is required be ore the ordering d~partm2 nt 

can request delivery f::om the supplier . 

Departmental Organisation 

The 1CC is organised into seven departments , each deparbment being 

charged uith r ela ted NCC r esponsibilities:-

i) The Water ar.d Se\>rerage Department , which is headed by a General 

Manager , deals with the engineering as we 1 as commercial activities 

in the field of water supply and severage . 

ii ) The City Treasurer ' s Department , h aded by City Treasurer, deals 

with financia rr~tters . 

iii) The Education Department, headed by City Education Officer, deals 

with primary education. 

iv) The Public Health Department , hea()ed b}' 1edical Officer of Health 

(H.O.H. ), deals with preventive and cura 2.v tlled'cine, town cleaning , 

and collection and disposal of refuse . 

v) The Social Services and Housing Department, headed by the 

Director of Social Services and Housing, deals with housing and welfare 

matterr. . 

vi) The City Engi eer ' s parbment , hcade by City Engineer, deals 

with Town Planning , construction and rna · n enance of roads , drains, 

bridges ; street lighting, fire serv) ces, ui lding in~pcction otc. It 

is the largest department in terms of msponslbili i.r>s. 

vii) The Totm Cl6rk ' s Department , h<>aded y Town Clerk, h ndles admi 

ni trfl. t) ve matters and the Tovrn Clerk is the Chief E. ecutive Of'"icer of 

. cc . 

A~ poi ted out earlier, the comitt '>are the governing bends of the 

vari us depa rlm ~nts , and the depa rtmc:~ al he ds '" o aT:"e the chic( exe

cutivns of their clcp rtr.te ·s, are members f h~ir :\:!lev nL comni. ttces. 

In addition there ClrP. regular meetings eLween the M.,yor ; the Ct•uncillo ·G 

and Lh rtmcnt3l llea s. 
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_2_._1...;._2 __ \-_lat r and Sc. •eraue ·na a.·~ 

The later and .~eHer. gc Department; the pd.w_i t~l depart cnt fc · t'1is 

study , was stablished in 1970 as a pre-con ition [or a Horld B n 

loan, made to t e 'CC in that year, for the evelopment of a new ~ource 

of mter from the mid 'l -Chania. Prior to t t, the engine ring aspects 

of water supply and seHerage "Yierc handled by the City Engineer ' s Depart 

mcnt, and t e related commercia 1 functions by the CiLy T1:ea sure 's 

Department. 

The primary responsibilities of this depC~rtm nt are the provision and 

distribution of '"a ~r su ply, ond the collection nd tr•a ment of sew-1ge 

fo:r: .the city. 

As pointed out earli~r, the department is headed by . General Hanagcrs 

"to:ho reports o the 'ater and Se erage Col'Till:ittee . He co-ordinates and 

manages the operational activities of the department. Under him there 

are two deputies ; The Deputy General Manager (Engineering) and tlte De uty 

General l-ianager (Con:mercial), eaclt deputy being the: cad in his -.ection 

The sections are further sub-divided on [·mctional lines ( ec figure 2.1). 

The Water and Sewarage Department carries out the following specific 

function s :-

Cor mercia and Finance 

Wate r Supply and Sewerage Planning$ 

ten::tncc 

Administration 

:;ign , Operat: ·.on nnd ain-

nd the department is organised alo g t cse functional lines a., apparent 

from the organ· sation chart. 

The Admini tration s arf headed by ::he Principal Administrativn Assistant: 

assist the General lanagcr in administrati'Ja matter • 

The Ccm:mercial Section, •hich \• lorks in c osc t;olla orction vr:i.th the City 

Treasu1 r' s Jl:!pat·tment is responsible fcl·:~ 

Billing cot.s ·m-rs 

l etcr readin 

Hook-kee ing an 

tudgcting 

·7he rea the Trcasur r' c; fu JatC•tt>nt is r s!-'unsihle 1 ca h co lccti. 

The Sc\; . age Plann · n ' Operatio:t and robi ut ll.1ncc s C:C!'i.On; hP-.ld ~.-c lly a 

Chief Ass' ' l.Jnt Enginenr, ic: TC onsibl (OC' p annif'\~·., design, coro:..Lt'U-

ction, o "r:lLiC'n an m;;i ,ten. ncz o[ tr ... n: 1•c1 L p ant 
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1hc section is <!J so -espot.sib e fo1: nl<lin'-. anc~.: of the sLo .111-w ter 

dra ·nag(; syctem, though t c const uct.:io 1 r. lls under tb~ City E Bi

neer1 s Depa tment. 

The late Planning, Desigt and Cor:strcct~on Section caded y LtlO 

Chief ssis ant Et gineers, is rcspon~ib le for planning and designing 

of new distribution sc~m sand the supervision of the execution of 

new works. The section is really responsible for medium sized schemes 

for la ree schemes are nonna lly handled by outside consultants and 

small schemes by the Operation and :aintenance Sections. 

The Operation and l1aintenancc Section, which is of direct relevance 

to his study, is also headed by a Chief Assistant Engineer, and is 

res onsib le for. operation and mai .tenance of dams, 'oJatcr treatment 

works, water laboratories an~ water distribution. The section is also 

responsible for the design and constr ction of minor wate~· distribution 

network projects. 

2 .1.3 Th Opc_!'a~.:ion an l!-.intenancc;: Section 

The section onerates fl:om Kampala oad Depot, in the Industrial Area 

of , irobi. The theoretical or5<mi at ·on chart maintained at this depot 

is su posed Lo eff-ct a rational division o[ duties, but due to chronic 
t•:.mpo ver: 

shortage of high evelL (princip;-tlly engineers) the divisions arc not 

alt.;ays maintained as per. oq;anir.ation chart. Some functions arc normally 

grouped together under o c er: incc1-, ,.;hich \·. uld otherwise be handled by 

t\VO or more engineers. t •·iules !io..;l~~ spaci. 1 iscd tasks arc cont~ractcd to 

outsiders, w&o are. called pon \·Mer:c.ver neede< e.g. at the time of the 

stu y electric 1 wore 35 hondlc by au out--if er due to the lack of a 

qualiCied cl ctric 1 c i.n .r. At: tl _ time of :..he study, the tasks H .re 

O.L<>an·sed (sec figure2.l) 01 the f lo~i. g prac ical lincs : -

rlanni ng h-.ndcd Ly a ~nio I 3 st~ t r. •&inc r. 

clcd b>· a Sc>nicr Assist~nt ngin er. 

Trun ta· . ., a1d .• ,., :>port 1 h ,rt d ·}a Principal S!'.istant Engineer. 

Trc .t nt \'orb;, 1 

La our., h".ldcd y 

P rinc · -.. Assistant Engineer. 

h.L.., I. u sp •c: tor. 
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2.1.3.1 Planning 

As stated earlier, minor distribution net•.:ork projects arc he 

responsibili ty o the 0 cration and 1ain cnancc Section, in parLicul r 

the planning and laying of ipes. Tl e es ates involved al-e v~;ry small, 

say fifty or less houses. The laying of a main pipe is restricted to 

at most a few kilometres. They may also be called on to strengthen 

an existing distribution network by adding a few pipes. 

In planning and designing, the senior assistan engineer is assisted 

by t\,'Q engineer assistants and two draftsmen. But, for construction , 

he works in close collaboration with the Chief Inspector of Labour , as 

we shall see later. For routine jobs, he simply passes the drawings to 

the Chief Inspector, who gets the rork done, but for s ecia ised or 

larger jobs , tha senior assistant engineer has to e ercise personal 

control . 

2. 1. 3 .2 Distribution Co-ordination 

This section is in charge of water distribution from the various reser·· 

voirs and tanks to the consumers. It resulatcs the pressure and the flo'\' 

of wate r in t e \·1 ole water system in the city. There are f10\·7 an pre

ssure regulating valves all along the \·rct ter system, which arc opcne 

and closed when necessary e . g . after 5 p.m. eve ' day and over the 

weekend the flow of \\'<iter to the Industrial Acea is reduced significantlly 

to allow the reservoirs IX> fill up overnight nd to divert the stcr to 

more needy residential areas. Boosters are also u intalnc to pump \~tcr 

to higher ground consumers, hose level is not much lower than that of 

reservoirs and storage tanks . But by and lats gravitational force is 

used to supply the bulk of the consumers. 

The section is also i char e of checking t:e airing aud cleaning th 

meters, and a meter , .. rkshop ism int· incd at t. c depot ·o r thi purpose. 

Practically all the consumers arc meLer"d, an complaints of overconsu

mption from Lhe consumers are quite many, nd all t 1e disconnect· · etcrs 

(meters are disconnected daily for no!1- ayr. en have to • cleaP.ccl a11d 

checked before any subscquc .t r"connectio 1. 

It is the 1:csponsi.bi ity of the senior ~s ·ist nt engineer, to co-or·i 

nate take-overs of nc,,rly completed schem~s from the Plnnning, "Si.~ 1 , 

and Construction Section, and outside contr<lctors . He has to suhj c:l 
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the pipes to a certain level of pressur. b fore Lhe new system can be 

considered good c ough. 

Finally , he is nominally the head of rep.l r works, and th Chief 

Inspector of La our has to consult him in case of 1-roblems during the 

routine repair work. 

2 . 1.3.3 Trunk Maii1s and Transport 

This sectiot is in charge of maintaining t1. Trunk Mains- the pipes 

bringing the ,;ater from the ariocs sources of supply to city r\;;servoirs. 

There are four of such pipes: -

Sa sumua to Kabete 

Rui ru to Kabcte 

Ngethu to Gigiri 

Kikuyu to Kabete 

A number of labourers are permaner.tly dcp l.oyed to keep a close watch on 

these very vital pipes for any sign of developing leaks or any other pro

blems . They maintain a regular patrol over the length of the ipe, 

clearing bushes around the pipes, cleaning the valves, and generally 

maintaining tbe pipes. There are sixteen such men taking care of the 

Sasumua pipeli e and nine on the gethu pipeline. 

This section is fu-rther charged with the responsibility of maintaining 

the water reservo · rs and tanks . 

The head of this section is also re sponsible for the mainte nee, and 

allocation of vehicles to various sections and sub-sections of the \'ater 

and Sewerage ~partment . In this task he is assisted by an E gi eer 

Assistant . He is responsible for sending these ve. icles for repair to 

the Council garage ,.,hen the need arises. ormally there should be over 

sixty vehicles but at the time of the study, only forty v ~cles wer.e 

operational ; a 11 the other~ HCl:l! lyi ne in the Council garage son:e for 

as long as a year. The Cnoineer felt that it could be mo e profitable 

for the council to engag a outside garage to repair its ve icles. A 

single ehicle like a Nercede .. lon"Y costs o ·era million chill 'ngs, 

and fer it to cmait idle f r over a yeat: is quite a bi • os to the 

Council. 
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2.1 . 3.4 Tr 

This section is in c rge of water Lr atrnent, dams'" inten, nee and 

water labor tories;.The !;Upervisicn of the d y-to-d y op r tio o cl.:t s , 

water tre. tment works, and water laboratories is delegated to superbl

tendents "~ho work at the plants but keep in constant touch with the 

engineer at the KampaJ.a Road ~pot . Treatmen plants are located at 

Sasumua , Ngethu and K.abete) and t:he central laboratory is loci\ted at 

Kabete . The Hater (rom Sasumua and Ngetl is treated at the source, 

whereas that: from Rui u and Kikuyu is t ·eated at K.abete. 

The function of the "rater labo rato ries is to test the ,,'ater to determine 

whether it is sui able for human consumption before it is distdbuted to 

the consumers. 

The Resident Engineer at Kampala Road Depot is mainly occupied in order

ing and supplying chemicals for the various plants and in serving as a 

consultant for any problems which the Superintendents at the site cam ot 
on 

solve, and in giving gene ra 1 adviceLm.atters o[ water tr atment and quality. 

He also maintains records of water flo\-1 and quality,and reservoir levels. 

2. 1 . 3.5 a our -
There is an intricate relationship betHcen this sub-section and all the 

other sub- sections of the Operation and laintenancc Section, for the 

labour is organised on a pool b8sis. Each ~ub-section uses a part of 

the labour force either continuously or on an intermittent basis. 

As apparent from the organisation chart, the rcaintcnancc gang is or anised 

into four roups on a more or less perm.111t>nt basis:-

i) Met r Section - This group , working very closely with the Com:nerci' 1 

Section, is mainly deployed to disconnect meters for non-payment 

of water bills, and to reconnect t em for subsequent payment. The 

group is also responsi le for the ins allation of ne,· n tcrs. 

i ·) Trunk Mains Gr up - '11tis group nai utains the pipes from 5Upply 

ourccs to water rc se ·v irs i. e. fr m the som:ccs t 

reservoir~ and ·eservoirs them elves. 

i ·· y --torage 
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Di sLribution .bin:; Group - Distri ut:.i.ot mains a c pipe s of 3 

inch s and above in diameter, distr· but5.ng the water from th~ 

various storage tanks anc reservoi-:s to the estates. Apn'!.'"t from 

maintaining chesc pipes , this group is also rcsponsib lc [or regu

lating the flou o( water by closing a ,d openiug the relevant 

valves. 

iv) Service Connections Group - Service pipes are those belov1 3 

i nches in diameter , and they distribute water in the est tes 

and to individual consuhlers . This group togcth~r with Distri

bution Mains Group comprise the bul.~ of the maintenance gang . 

In add i tion to these ttore o r less permanent groupings, a ne\.z group is 

f o rmed wherever a new supply scheme has to be constructed and on comple

tion of such a scheme , the labourers rej0in their original groups. 

The purpose of maintaining a pool l abour force is for becter industrial 

r e l a t i on s . Since nearly all the sub section heads arc expatriate Engineers, 

who a r e no~Ally engage on two and half year contracts, it i~ felt that 

by t he t ime they c ome to grips ~.zith the social-cultural factors guiding 

l abourers behaviour , the i r time is up fo · leaving ; hence a local person 

is entru sted with the control of labour. Each group is headed by an 

Assistant Chief Inspector v1ho is subordinate to the Chief In""pt2ctor. 

The se r vice connections and d · stribution t''lains groupings are of major 

significance to this study , for they are charged vtith the respo .dbili•·y 

of r epaij;'ing the leaks and bursts -v1hich fo1.m the backbone of this st\ dy. 

The line of authority in these groups flo\·7s from the Assistant Chief 

Inspector to Inspectors dot-m to foremen - Hho ere in charge of the arti

zans and the unskilled labourers. 
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2 . 2 SUPPLY SYSTEH 

2. 2.1 Sources o[ Supply 

There are four sources of water supply [or the city counc'l's distri

bution system. A fifth one (Mid-Chania stage II) is due [or con,p eLlon 

in a few years and is expected to satisfy demand up to the year 2000. 

Currently de~~nd exceeds supply througho t t e year. The current 

sources are :-

Sasumua Ihm 

Mid-Chania Stage I 

Ruiru Dam 

Kikuyu Springs 

At Sclcl~filua and Ruirc tl::ere a1:e da forming impolmdi. g resclYOirs, but 

at Nid-·Chania Stage I and Kikuyu Springs, water is pun•ped air ctly from 

the river. Sasumua and 1id-Cha ia are within the Tana P-i er catclnr,ent 

ba .... in and in fact e} are both o the River Chanias though bf!!:orc the 

Mid-Cha. ia, the Ri er Chania is joined by River Kimakia a d other mit,or 

streams. Ruiru ard Kiktyu ar.e within the A hi River c~tc t asin. 

Sa~umua vmter is treated at the Sasumua \-.'ater T~eatment Plant and 1id .. 

Chania at Ngethu Treatment Plant. That £ron Kikuyu prings and Ruiru 

U:lm is treated at tbe Kabet Treatment Plant. Thus, the pipelines 

from Sasumua and l{id-Chania Stage I bring treated \-Jater, a~ opposed to 

those from Kikuyu Springs and Ruiru fum which carry raw water - like 

the ~·hole distribUtion system which operates mainly by gravity, th". c 

t1:unk mains also operate by gravity~ That from Sasumua supplies 13 

million gallons per day (mg/d), Ngethu (J d.d-·Chania ) 11.7 mg/d, and 

Ruiru 4.5 mg/d. \-later from Sasuroua , Ruii. and Kikuyu Springs is 

collected at Ka ete Reservoirs , and that from 'gethu at Gig'.ri Reservoir~; 

before it is distributed in the city. 

A n; p showing a genera l layout of the water supply is sho\-m as (figul:e 

2~2.) 

The fly-over dist nee from Sasumua to bete i 58 kiloreeL r , Ruiru 

to Kabate 25 km and Kikuyu to Kabctc 10 km, and from geth to Gigin 

rcservoi 1: is 38 km. 
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A general layout of Lhc distribution net\~ rk .i.s shown as Fi•7 Ut' 2 3. 

The figure sho\ s the ~ rteries of th~ disLribution net\o.'Otk, and the 

storage re servoirs and tanks. from the s ·p ly sources, the \.r.lter comes 

to the two reain reservoirs - Kabetc and G1.gi.ri; from there some of 

it is fed into distribution mains s raightaway for further distribu

tion, and t4 <2 rest is first transferred to various storage tanks before 

it is distributed. Some of the important nks and reservoirs, and 

heir elevation above sea le el and capacity is set-out in the t , ole 

be lo\-7o 

-~-a_b_1_e __ 2~._1 ____ Le __ v_e_1_s and Capacities of Reservoirs 

Top v.1atcr 
Level (Mctre2) Capacity (H3) 

Ka be te Re se rvoi rs 

Gigiri Reservoirs 

Hill Tank 

Karura To...-er Tank 

Kyuna To ~r Tank 

Kyuna Reservoir 

Thika Road Tank 

Outer Ring Ro d Tank 

Wilson Airport Tan 

Ngong Road To ·er Tat-k 

Em aka si Tow r Tank 

Garden Estate Ta 

Ridgc\-1ay Estate T nk 

, j i ru Fa nn T· nk. 

1gong Road /G Tan 

Embakasi U/G Tank 

From the reservoirs and tanks, the water is fed 

1818 59,091 

1711 13,636 

1749 18,182 

1663 9~091 

1852 

1818 

1655 

1612 

1813 

1635 

1661 

1688 

1548 

455 

9,091 

273 

455 

68 

91 

136 

45 

136 

68 

45 

91 

i to the primary 

distributio n mains - these are the mains f ding L e various :ater 

zones. Primary m ins give \.r.l~· to secondary 1113ins those su p ying the 

!:tates and secordary mains feed the mine •\a ins - L 1e ones 1org the 

estate roL ds; and l astly we c.(lme to service r house conne_tion:;. The 

pi.pes k cp o becoming sma J r and &m'lllcr i.n diam Lc.r , frot th storage 

tanks uot ·n to the kitchen pi c ; nd also · .. rea~ing in num C'l: (let th 

- --- - - ---- - -
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nd lines) as the diameter falls. 

The flow is entirely by gravi ty, except a (ew ooster pumps ~hicl ve 

been insta llcd to pu. p \at: r to higl grounds 

There are pressure zones, but these. are not: clearly distinct:-

i) Western zone , from Upper Hill and bounded roughly by Ngong 

forest and iyaki ay to the. t1orth, i s fed from KaLete reser-

voi rs a d D:lgoretti Area in particular is fed by 1tmtcr from 

Kikuyu S:nings. 

ii) Central zote, covering city centre, part of industrial area and 

iii) 

a l t:obi West area, is fed from Kabete reservoirs and Hill tank 

1ear Eastern zone, west of the cen ral zone up to Outer Ring Road 

and extending from Math3re to the lower part of the Industrial 

area, is supplied from Hill Tank through a pressure reducing value 

in Lusaka Road, directly from Gigiri t:eservoir and from Kabete 

reservoir through a pressure reducing value in Forest Road. 

iv) Fa1: Eastern zone, east of Outer P.ing Read and south of Thika Road 

is fed from Karura reservoir, Tbika Road Tank and Outer Ring Road 

Ta n.l<. 

) Airport zone , ls supp lied from Outer Ring Road Tank and Embakasi 

Tank 

vi ) NorLh Eastern zc• e, around Garden and Ridgeway estates , is fed 

directly from Gigiri reservoir. 

vii) orthern zone, beyond Upper Parklands and Waiyaki Way is supplied 

directly from Gigiri reservoir and the ~~stern side f .om Kyuna 

reservoir. 

1os of the older Areas (within the 1963 cit.y boundary) are supplied with 

' a tc.r from. Kabete as opposed to the n~\11 areas ,.;hicb are supplied from 

Cigi ri re_crvoirs. 
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2. • NATURE A .• O 

2.3 . 1 Control Room - to 
This room is the hu of co unicationLand from Kamp la l'oad Dcpo::. Tl ere 

are t ree tc.lcphones and t~'<> radios , manned by a foreman <!nd six attcudan .~, 

\-lho work around the clock in three shifts. 

Telephones are used just l ike other ordinary telephones, though most of 

the time is spent in receiving consumer com J.a · nts and messages from t 1e 

various points in the water system '"here there are telephones. 

Radios are for conmunicating with men on Li1c \'Orking ite" and v1ith t 1e 

outer stations like Sasumua , Gakoe, Mundoro, gethu and Ruiru. One set 

( yellow set) is for communicating with the outer stations whereas the 

ot er set ( blue set) is (or Nairo~i a rea only. Sim~lar to the blue r-et in 

the cont rol room ther. are other blue sets fitted into vehicles (10 a t 

present ) and it is through these sets that the men on the sites are able 

to communicate wi t h the depot . The men on the sites can also corrJnunicate 

between themselves , but they have to be com ccted by the base . In addition 

to those fitted on the vP.hicles, there are also t\o.'O portable blue sets, 

one at Karura and the other at Lo;:esho reservoirs. 

Outer sta ions, apart from possessing the yello·.-~ sets for communie<ltions 

with the depot, have red sets for their O\m internal (local ) cor.:munica!::.ion. 
' Each colour set uses a different frequency, hence the existence of the thrc 

different colours. 

2 . 3. 2 \fater-yar ·s 

\fuen consumer complaints come in, mainly through the tc cphone , they are 

recorded on a \o13ter-\·10l·k heet which contai n!> the folJ o-;dng inf011 . lion -

Figure 2. 4. 
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F "gurc 2.4: later-works 

CITY COU 'CIL OF NAIROBI o ...• - .•. 

WATER-~RKS 

Situatiot •• • .... •••.•.. • ,.. ••••• ._ .••..•••. Date •••• . ......... . 
oad/Street .. .. ....•...••...••.. . ...... . 

0 • ••••••••••• ••••••••• • •••••••••••• 

Chief Inspector To: General Martager 

Please attend to the following : Action taken • 

. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • • • • • • • • • • • • • • •••••••••• c. 

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

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

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

.......................... Signed . . ...... .. . • •• for Chief Inspector 

The main contents of this sheet are the location of the fault, the type 

of fault and the subsequent action taken. 

One copy of the ~mter-wo 1~ is passed on to the relevant person (often to 

the Assistant Chief I spector for further distribution) for action. Most 

of the complaint s are sent eithe to the fains or Services, and a few to 

the }ieter Section. When the necessary action is taken, the worker \.;ho 

perfonns the job, fills the "Action Taken" side of the \later- works and 

the sheet is returned to the Control Room for filing . 

The Control Room also maintains a record boo.<, having the number of 

columns as shown be low: -

Fig_ure 2. 5 
DAlLY OJNPLAINTS rooK 

Da e Time Address Complaint Water-works Pass~d Lo completed 
Sheet No. 

by 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... ... ... ~ ...... . . . .......... . . . . . . . . . . . . . ' 
"' ... ... . . . . . . . . . . . . . . . . . . j ......... ............. . ......... . • • t t & t t •• e • a f' I 

. . . . . . . . . . . . . . . . . . . . • ••••• c • ••••••••• • ... c. . ..... . c •• . . . . . . . . . • • •••• •••• 0 • . . 
- · 

r e cord of t conte ts of the Ha tcr-wor · s , and This book is thus a pcnn.:tnen 

note that the s erial number of t water-\: r is also recorded to keep a , . . ck 

o( all •••••• 
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he: 
fi 11 d by different ttcn ar.Ls . The contcn s arc/. n e 

as those of the water-works i . ~ . t 1c compl· jnL, iLs addr•ss, and 

finally the action taken. 

Reports are also received in the control room, from the general public . 

ahout various problems or faults seen or detected in the water systerr. . 

Such problems are dealt with or folio\ the same process as those received 

from affected cons mcrs - going through similar recording before any 

action is taken . A few serious problems like bu·sts of the rr~ains are 

given preferential treatment . Such problems arc reported directly by 

rat1io from the control room to the men in the field(prcferably those 

working near the burst) for quick action . 

T e Daily Complaincs Book has been a major source of data for this study . 

2.3.3 Labour Deployment ---'-----..:....:.... 

The labourers are collected from different areas of the city in the 

morning (collection centre s being mainly in their areas of residence) and are 

brought to the depot . The labour ers (unskilled labour) and the artizans 

leave the depot with a forernan in a lorry and around 8.30 or 8 . 45 a .m. and 

often even later. The foreman then droP.s groups of ~en and artizans at 

different jobs in different areas. These jobs can be very far from each 

other, so usually by the time be drops the last batch of men , iL can be 

as late as 10.30 a.m. or 11.00 a . m. The foreman then goes aroun to super

vise and enquire about any shortages or furt er mate rials reajuired in these 

jobs. At times some teams do finish their jobs before the forema com~s 

around, and they have to sit idle until he corr.es to transport Lhem to 

another job or back to the depot . 

The foreman starts picking up the wor ers at around 2 . 30 p •• and in order 

to reach bac at the depot by 3.30 p.m. wher the tools are returned an 

materials for the following day are drawn o •L . Th Men are ready for home 

by 4. 00 p . m. From here the men are taken back to chc v rious areas irt the 

city where they are dropped to go home. 

From the above a~count, it is clear that o average the labou= is wor~i.ng 

for 4 to 5 hours out of 1e official 8 nours a day. 
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The fore en ar normal 1 y assig ~>d to partir· rl: r ar a of the c1.ty on 

a permanent basi, , ~o tl t h becomes (ami liar with ·he place, road~ 

pi es, val ~s tc The forcm.'\ nonna 1 y cc.• c~ back for m'l erla 1 a[ l!l.' 

dropping lais en and date tninin6 the material r •quirccl for the joiJs. 

The main reason for coming back for mat ria 1, is the bck of kncmle ge 

in advance as to Ll1 mate rial required by v rious jobs until the pipes 

are dug-up and insect d . The Assistant Ch'c[ Inspector is responsible 

for allocation of ,.,.oti<. The allocation is done by 4 30 in the evening 

[or the neY.t day . C ~ngcs in this allocatio only occur in c~se of 

emergency or absentees. 

•ight emeq;cncies arc hnndled by a night tee.. ( a forcr."n, an artir-1.n and 

3 labourers, and a d.rivcr)· 
OJ: 

ormally each team/operative uorkers on routine repair jobs is com osed 

of an artisan and three labourers. 
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2. 4 fEED FOR I·ORE Tll/\a 0 'E DEPOT 

During the long vacation followin3 the end of ou first yea r 1978/79 

Academic Y ar, (s~ bibliography) ·e conduc ecl ,.. research in t l .. operation 

and maint nance section with the aim of investiga ting it s operation:1l ' 

efficiency. lhe inefficiencies revealed gave me the impre ssion tha , 

the present location of the depot does co tribute significantly to L e 
~n-

ove rall/efficiency of this section. I di scussed this vi \T with the 

Chief Assistant Engineer and my supervisor ( Dr Kohler), and they also 

saw the neces sity of an alternative location of the depot . The funds 

already sunk i this cons truction (present depot ) preclu es the idea 

of transferring it to another location. The only feasibl e alternative 

is the setting up of minor depots, but we s 11 come to tl · t later. 

2. 4.1 Operational ineff iciencies 

One of the findings of that study, which is of s ignificance to thi s s tudy 

is how the repair teams utilize an average day . The t able of utilisa tion 

is reproduce d here for further analysis:-

TABLE 2.2 UTILIZATIO 1 OF AN AVERAGE DAY 

I Total Avera ge time Average travel Ave rage timel.!\verage trave> 
' time spent in time to job on job timt> frcm jo 
I depot in the 

-~ llRS 
mor:~in~ 

-~ 

SECTIO lHRs. I Nil • lnRs. .11 • HRS .1 HIN. HRS. 1- ' l. • 

UAI S I I 00 11 I 21 4 122 1 i 8 17 , __ 

l I 

1 14 13 1 25 

1 
b 

SERVICESG=: I I 11 j4 .jos 
...J 

AVERAGE ' 8 I 1 107 1 17 I 4 115 1 21 
--1---

nte t able shows th t:-

i ) The non-\,orking time is 3 hours an 45 minutes (1.07 + 1.17 + 1.21) 

which . :cans t h&. out of the offici?l >·IOrking h urs, tb \·.lOr ·rs a r e 

off the job and non-'\o.'Orkin~ for l:7% of the ·.rorking day• 
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ii) t e travel ti to and from the depot a1 ounts Lo 2 1.o11rs and 

38 minutes ( .17 + 1.21); ~.;hich is :33vL of the official hours. 

Whereas idle time at the depot in the morning (e<~u sed by the morning 

allocation of jobs which in theory are allocated the p ·evious day, 

and by locating the exact position or site of tl1e variou s jobs) can 

be reduced considerably by better management, v •ry little can be done 

about time lost in travelling as long as the depot remains as the only 

base of operation. 

The main reasons why the travelling time is so high, is the non- ce tral 

location of the present depot and the large geographical size of the 

area served . 

2. 4.2 Size of the area served 

The roid-Chania phase I project: 'i."ClS taken into service in 1974 and prior 

to that date, the area supplied with Hater ">as roughly confined to tL.e 

pre-1963 city boundary. The size of the old city is about 11,500 hectares 

with a disLance of 15 km. from East to West and 8 km. from North to South. 

The increased water supply from the mid-Chania Phase I, eroabled the NCC 

to supply wate'- to new axea s outside the old city boundary. The nev area 

covers about 9,200 •. ectare:s; and ~nth that E?xpansion of 'vater supply: 

the distance noH served by the Repair team {rom East to Hest in 17 km. 

and from NorLh to South is 15 kmo The total area se rved \.ri.th water is 

20,700 (11}500 + 9 , 200) hectares, and this i.s ot a small area by any 

standards. 

The total area '"hich will be supplied \vith water ~fter tl1a com!? letion of 

Mid-Chania Phase II , \-Jhieh is due for cC'mplct ion by 1983, ~Till be quite 

large. The daily water supp ly from this proj ~c L vri.ll be more than douLlc 

the amovnt currently supplied by Phase I. 

If this huge arc? will cor.tinue to be serv d from the presc t depot on y, 

the tl."avelling time b L~• en the epot and tlte various Y.'O:r.king . ites \·lill 

surely keep on rising as more and reore outly .:.r.g zones a.r"' suppli d \·lith 

.,. ter. The amount of fuel consumed by vehiclC's and theit: dep ·cciation will 

equally ri se, and Lhe con.3umcr c.omplaints wi.ll t ke longer to !>atisfy. The 

longe r the 1 aks are left unat c dcd, t 1c hi_ 1Ct:' the clnlOunL o f w:t< • .1ill 

be lost, r esulting in (in ncial loss to the NCC. 

The problem of long dist~nces bct,_.ecm tl1e depot and repair sites 'll be 

f Jrth-r aggr.1vat d by the iact that, · h~ pre S" l t c-pot i~ loc:l t d in 
sou .hern edg of the city, in fact: '\Cl.Y close Lo N.'ii nh'. n . .i.ot..al 1\n:-1-
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hich limits the expansion of the city to the !Outhern s· de. The city 

is expanding to the eastern side which is literally devoid of any 

papulation, and to a lesser extent to the \ITestern side where the city 

services (~,.,ater included) are being provided on a gradual basis to the 

existing population. As these services are provided, the population 

increases at a faster rate. 
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3. 

The uJ. Limate purpose of this study is L() find Lhe ideal localion of 

additional depots . The best loc~tion can only be found after predicting 

the number of leaks expected to occur on the water system in the future . 

To predict the numb2r of leaks expected to occu~ , the hisLorical data 

avai l able i . e . the number of leaks reported over the five years - 1975 to 79 

had to be collected and analysed to reveal the mein causes of these leaks . 

Two main problems , namely how to subdivide the city into small regions 

for the purpose of data collection , and ho~1 Lo measure the length of piping 

in the water system , were encountered at the commencement of the study . These 

problems were nevertheless solved , thanks to the constructive suggestions from 

relevant council employees and my supervisor i.n particular . 

3.1 CORE DATA 

The number of reported leaks formed the backbone of this study and the 

very initial task which had to be undertaken \vas to collect this data in an 

organised manner suitable for testing the t\·to variables i.e . the length of 

piping and the age effect , believed to be the main determinants of these leaks . 

3.1.1 Organisation of Data Collection 

As stated in the introductory paragraph of this chapter , it was crucial 

in the course of this study to predict the number of leaks expected t o occur 

in the water . system in the near future , this being the necessary ground work 

upon which the next phase of the !jtudy , i. e . de at locat·()n , \vas to be based~ 

The irmnediate goal being to find out the number of leaks expected to 

occur in the various sections of he city , it was necessary to ~ubclivide the 

city into small regions . After finding the number of leaks in each of these 

regions the question of the ideal location of the depots could then be tsk n 

up. Finding out the number of leaks in each and ~very region would not have 

been feasible and as such rep~esentative samples had to be selected . A 

predictive model developed for such representaLi ve area vtas used to redict 

lhe number of leaks expected to occur in all tl1C! other regions of the city 

which hall the same characteristics (t:ype of soi 1, type of pipes) as he 

represent~tive area. 
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111e ove1 iding criterion for the 5ubd ·vision of the cily j o sm 11 

regions was to p r .it an easy measurement of the 1 ngth of ip · ng i 

a region at 1 ast in relative terms . In addition to that basic cri erion 

it did bec.ome apparent at a later stage in the s udy hal each re>gion had 

to have one type of soil only,duc to the d"ffc·~nt degree of corrosiveness 

of these soils on the piping ~~tcrial . 

clativc 1 ng h of piping can be calculated with ease w ere he plot 

size in a region is the same. In a region zoned for a certain lot size, he 

length of piping t~ould double if a further area equal in size Lo tl e o e 

already developed is also developed . Detailed explanation for his assump ion 

is given in Section 3. 2 . 4 . But to apply this general rule of the number of plots 

as the relative measure of the length of piping, the present and the futur~ or 

planned development of a zone had to be quite similar i.e . the plot size would 

remain he same . 

The City Engineer ' s Department maintains maps of existing and proposed 

plot sizes . One such map completed in January 1979 divides the city in_o 20 

zones, and in addition to specifying the existing and proposed plot ~izes, 

it also gives the current and proposed land use for each zone i.e •. ,hether such 

zone is predominant y residential,commercial or industrial in use . Such 

categorization of land use t·tas also important since population data which is 

used exlensiv ly in this paper, for c~tim:Jtion of number of houses in an 

estate - apply only in residential areas . 

The subdivi ion of the city into 20 zones was too broad for the purpose 

of this study , nevertheless it \-.tas a very important starting point upo \o7hich 

further refinement ~o~as to be based . The zoning was par icularly important 

in two aspects : the p ot s ize and the existing and proposed type of development 

The 20 zone. w re further sub-divided into smaller zones by grouping wo 

or t hr t-c neighbouring estates into a single unit. 11u~ sub- ivJ sio 1 in the end 

produced forty r g1ons; '"her )OU find:-

1) The xisting and propose plot sizes arc nearly the same. 

2) A single type of soil is pr dominant 

3) The xistirg an pro1 os!' road net\·:ork is q I i tC' comprehensive . 

Establishing what ty e of soil Has pr domin.1nt in each region \ras a ln3tter 

of chec. i ~ on t e soil su1· ·cy maps avail.,blc. 
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3 .1. 2 umber of L aks 

The representative sao~ples upcn hicb Lhe final ge eraliza ion for the 

whole city was to be bas d was se l ected very care ully, particular care being 

taken to make sure the requirements set out in section 3. 1 . 1 w>re met. 

The selected areas were well spread over the whole city, covering the main 

requirements i . e. 

a) The different plot sizes 

b) The different types of soils 

c) Recent and old estates 

d) The different land uses . 

The areasselected \-Tere the City Centre , Industrial Area , Lavington, Muthaiga, 

Umoja , Eastlands , Buruburu , Parklands and airobi South-vJest wh: ch was a 

necessary addition as we shall see later. 

To cover the different plot sizes , the ci y was classified into three 

categories of residential zones , the high,middle and low income areas . A 1974 

classification classifies people earning between 0 to 699/- per month into lov1 

income group , 700 to 2,499/- and over 2,500/- into middle and high income groups 

respectively . The general l eve l of incomes must have risen a bit over the 1974 

incomes > and the general shortage of housing in the city has forced som~ families 

to live in poorer sections of the city than would be expected, but all the same 

the general demographic distribution is in line ith income levels . Secondly, 

the City Council is strict on the standard of housing for each estate fo. the 

purposes of planning of social amenities . 

Low income earners arc confined to poorer sections of the city, where the 

standard of housing is generally poor and the plot sizes are the smallest. 

Residences range from small terraced houses and single rooms wi h com:nu:1al 

bath and toilet facilities , to highly congested slums like Mathaze Valley. High 

income earners on the other extreme , reside in t e 11 posh11 areas of the city , 

where plot sizes are biggest, each family occupying e. detached housj ng unit and 

the very rich have even gardens as big as a full hectare. The middle jncome 

gr oup live in houses cf a standard in between t e poor and the rich, most of 

them living in semi-detached houses like those found in ar as like Buruburu 

Estate. Plot sizes are progressively bigger as you mov fro lO\oJ incon•e Lo higl, 

income areas . 

Mut:haiga and Lavington 'ere selected to represent hi gh income areas , 

Parklands , Buruburu and airobi South-Hest the middle income areas, and Umoj a 

and Eastlands the lo\<1 income areas . Such selection then ensured proper 

representation of each ncome l evel, and hence dif(eren ploL sizes . 
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TI1e age (acto was a 1 o cater <.1 (or i th~ c.w • cc of the c <~r aa, au 

as w shal see later . each s t 1as ma -· up of a _cent and an olde · r gion . 

TI1e spread o( this cl oice of rc ,ion OV\!T t c hole cit.y nsured Lhe 

coverage of diff rent soil types . 

The Indus rial Area and the City Centre were to represent industrial 

and commercial ar as respec ive ly; as opposed t.:<: he o her purely residential 

areas. 

The data on the number of leaks (the term l~ak as used in his study 

covers all types of faults occuring on the \-73 r pipes ) as extracted from t: e 

Daily ComplainLs Book are s~t out in the tabl lor. 

TABL. ) .1 

High I nco iddle lncD"X' '"'" 1 nco e 
Laving- horu- Park- airob! East- 1 ndu!:t ri City 
ton thniga Bun.• l ands S .'llest l'1110 ja lands Arl!:t Cent reo 

1..211 
138 15 288 122 207 Services 63 20 39 108 

Mains 8 2 5 10 22 0 25 22 ~ 

TOTAL 71 22 44 128 160 15 313 1411 247 
(85) (26) (53) ( 151•) (112) (18) (376) (173) (296 

.!.ill 
Services 22 30 41 198 189 .9 315 127 2€.9 
Mains 4 5 3 28 16 3 33 39 L.l 

TOTAL 26 35 44 22 21)5 22 348 166 310 

1977 

Services 48 42 109 247 232 113 311 239 399 
Mains 4 2 12 27 26 11 16 33 40 

TOTAL 52 44 121 2714 2~.8 124 317 272 439 

~ 
171 95 Services 55 1•4 123 39 344 316 377 

Hains 12 2 21 4~ ·,? 14 29 91 75 

TOTAl. 67 46 14L. 441 3Q1 109 373 1()1 452 

1979 
Servic s 113 42 235 389 2 224 46~ 389 408 
Hains ll 1 37 61 ~5 51 4-< 128 84 

TOTAL 124 43 272 45o 33"' 'J75 5<>7 517 492 
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The da a available fo 197 5 Has from the mon hs of Morch o December 

and an adjustment was mzdc by multiplying the figures for th se Len months 

by 1. 2. The e~-1 figures (in blackets) '"mich were o' tained are Lhe ones Lhat 

were used in subsequent analysis . 

The data for each year is classified into services and mains, pipes 

of over 3 inches in diameter being classified as ~~ins , and those of 3 inches 

and be low as service pipes. Repair gangs , as explai.ned in Chapter I1 are 

also grouped into these two broad classifications mains and services, and there 

are good reasons for these g~oupings . Vehicle allocation (di fferent sizes 

of vehicles), job schedul ng , and the need for job specification being among 

the most important reasons . 

No rigorous analysis was made along these t~1o classifications, apart from 

noting the nearly consistent r atio between the number of leaks on the services 

and the mains . The ratio itself is a useful tool for future planning of lab0ur 

deployment . 

3.2 REGRESSIO MODEL BUILDING 

An exciting discovery from an elementary analysis of the table of the 

number of leaks was the fact that the number of l eaks per hectare was rising 

fro~ year to year in each of the chosen r egions without exce tion . Ynis foct 

is quite apparent from the table below . 

TABL.E 3. 2 

NUMBER OF LEAKS P£R HECTARE 

Laving-
P~rfod ton Mu haiga 

Buru- Park- ~airobi lndustcial Cily 
Buru lands S-Wcst l'moj a Ar a Ce r.t'rl" 

1975 0.11 o .o3 0 . 11 0 .16 0.)7 0 .04 0.13 0.80 

1976 0 .03 0.04 o . o~ O. Z7 0 . )9 o.os 0 . 15 l.OO 

. 197 7 0 .06 o.os o . 25 0 . )) 0 . 49 0 . 25 0 . 25 1. 42 

. 1978 0.08 0 .06 o.JO 0 . 53 0.58 0 . 22 0.37 1. 46 

1979 0 . 15 0.05 0 . 57 0 . 5.:. 0 . 64 0.56 0. 47 1.59 

The ill'llled iate task 

in a rather approxima.t 

follm·ring this impol:Lant discovery was to investigate, 

manner , whether each of the three factors (length of 

piping , age of piping and the type of soil) contributes significantly to this 

continous increase in the number of leaks . 

f\ c RSTl Y 01- AIROBl 
UBRAR 
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_3...;...• .;;;.2_. 1;::___..;;Le=nst.! of Piping 

The length of piping laid in an estate houltl be propor ·onal 

to the number of houses in th~t estate. The reasoning be ind t:h · s 

assumption is clearly set out in a later section of this c'u1pter. 

Given that this assumption is correct, the length of piping \vould 

double where Lhe number of houses are doubled approximately . 

Armed Hith the above assumption, • hat vras necessary ,.ms to find out: 

the number of houses in a particular esL· te, at the co,GJn..!ncem_nt 

o f the study and those built during Lhe period of th study, and 

r elate these initial and the subsequent cor.structio s to the n~~b r 

of leaks reported over the ~ame period. This as the ideal "ay of 

r elating the number of houses to the number of leaks , but at this 

early point of the study when a complex analysis Has not intended, 

an exact determination of the number of houses 10uld have taken oo 

much time in vie of the simple analysis int nded. n easy way of 

determining the number of houses in an estate at a Biven pain::. in 

time had to be found , and the popul ation of the states, which was 

easy to determi e, became very useful in that respect . 

Council planners are co1 vlnced that tlte population of a particular 

type of an estate is proportional to the number of hous s in such 

an estate , and they make extensive use of this appa.ent relationship 

for their planning purposes. Using their esta lished and tested 

standards, it was easy to translate the populalion o[ an estate inL 

the number of houses. But , even without going to the trouble of this 

conversion, this proportionality between the nu:nber of hou~:es and 

the po ulation means that, if a relat"onship bct\·een the ntion 

and the number of leaks \Tas estab ished , this \<~Ould be n posi ve 

confirmation of \in exis~ence of a rc ati.onship bet\-leen the nut her of 

leaks and the nurriller. of houses. 

The City Counci maintains fairly accu1·~ ·e ,-.st · ,r.atcs of Ll.e pO?\;laLi 

o[ the various estate ( · [act \,hich i.s con!> .r1 •. cd by Cc>ns s Figures) .. 

':Lh se estimates of tl C' ot·u~atio r~. rc:. used in tryi. g · o ..,Lt<n ish Lhc 
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existence .of the said relationship . First a table of popula ion 

versus the reported number of leaks was constructed then plotted 

on a graph , and finally correlationana1ysis ·was undertaken in an 

effort to prove either the existence or non-existence of a rela

tionship between the number of houses and the number of reported 

leaks . 

TABLE 3 . 3 . 

POPULATIO. JMBER OF LEAKS 

Laving ton Huthaiga Buru Buru Park lands Umoja 

No . of No . of No . of No . of No . of 
Leaks Pop. Leaks Pop . Leaks Pop_. Leaks Pop. Leaks 

1975 85 7080 26 3750 53 11 , 650 154 28,500 18 

1976 26 7240 35 3850 44 15,950 226 29,500 22 

1977 52 7400 44 3950 121 20 , 250 274 30,500 124 

1978 67 7560 46 4050 14l~ 24,550 443 31,500 109 

1979 124 7720 43 4150 272 28,850 450 32,500 275 

The groM:h of population is assumed to be roughly uniform betlveen 

the two points, 1974 and 1979 . In 197b.., a population survey Has 

carried out and the 1979 estimate w·as based on the resul.t:s of this 

survey . 

The above data was plotted on graphs, l!CP duc~d at the ,end of this 

section as figures 3 . 1 to 3.5 , and in each' graph, the points seemed 

to fall in a line. 

Pop. 

5,600 

11,800 

18,000 

24,200 

30,400 

Eastlands \vas excluded since the Cj.ty Council estimated its population 

would remain static, and in fact no new constructions were undertak n 

in this region over the five years. City Centre, a connnerci · 1 centre, 

and the Industrial Area \-lere. excluded from th's population/leaks 

analysis for obvious reasons. Nairobi S . West \vas a later addition 

to the study and hence the omission at his point. 

A closer look at these graphs re l ed some sort of a linear relation-

ship betw~en the populat ·on and the number of reported leaks; and thi.s 



"1ould s··em lo strengthen the idea of t e existence o( a relationship 

between the t\·ro . 

A freehand fit of r gression lines revealed that such lines w rc 
the 

neith<.'t: passing through the origin nor cuttingL Y - axis on the positive 

side, as would be expected. This behaviour implies that , below a certain 

level of population there were no leaks reported. This \-T&S rather 

puzzling at the beginning , but what one has to bear in mine! is that a 

considerable number of houses have normally to be built before an area 

is supplied uith \vater , and in other cases , an estate normally starts 

off with quite a number of houses . There is no time then tTllen an estate 

has a v~ry small n~~er of houses for water supply purpose . 

Correlation Analysis 

A visual appearance of an apparent linear relationship between the 

number of leaks and the population had to be confirmed statistic lly . 

Secondly it was important to evaluate the strength of that relation

ship. The steps involved in carrying out these twin process tvere as . 

follo'"lS :-

Step 1: 

Step 3: 

Calculation of coefficient of determination , 2 
r • 

Taking the square-root of coefficient of determination, 

to get the correlation coefficient , r . By t he l ook or 

the trend of the points on the graphs , r is bound to be 

positive, and the closer it is to one , the stronger the 

relationship between the number of leaks and the popu ation . 

Computation of the following test statistic , t , whc~e :-

t = 1: !ii; 
.J l-r2 ' 

which is distributed as students t dis 

t:ribution t.,rith n-2 degrEes of freedom . 

The resulting t would determine whether the number of leaks Here 

co.cr lalecl to jJOplllrttion at the chosen level of sj snificance. 

Th~ analysi5 combin"S 1uLhaiga and avington, both high income r as , 

Parklan s an Bur Bur together b ing m"ddle ncom areas , and Umoja 

is trC'ated alone since it is the only 1 ·.s income area from th s t . 



TABJ..E 3.4 

Laving ton 

Muthaiga 

39 -

AREAS 

r 

Popu1a ion 
(in 1 , 000 1s) 

X x2 

1975 7.08 50.1 

1976 7.24 52.4 

1977 7.40 54. 8 

197 8 7.56 57.2 

1979 7. 72 59. 6 

197 5 3 . 7 5 14.1 

1976 3 . 85 14.8 

1977 3.95 15.6 

1978 4.05 16.4 

1979 4 15 17. 2 

= 56.75 352.2 

2 
(i; X.) 

= ~xi Y. -
). 

l. 

~X~ - <C X~)2) 

=(3£tl - )6 .7 5 X 
10 

= 0.3627 561) 

= 0.36 

. 
and , r = 0.6 · 

o of Leaks 
(in 10 1s) 

y . 2 y XY 

8.5 72.3 60.2 . 

2.6 6.8 18.8 

5.2 27 .o 38 .5 

6.7 44.9 so. 7 

12.4 153.8 95 .7 

2.6 6.8 9 . 8 

3 .5 12.3 13 .s 
4 .4 19.4 17.4 

4.6 21.2 18 . 6 

4.3 18.5 17.8 

54.8 383.0 341.0 

n a:;yi~2 

{y2 - (~Y!)) <..,· ). 

54.8 
2 

J 

An r of th · s magnituc.l m · ns thaL t:hl rc i s a f< ir1y strc G · lation 

slt · p ctwecn the numbc of leaks anr! the p pul;., ion in he hj gh income 

arc s 
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We may now compute the t staListic to enable s to conclude 

whether or not our sample data provides sufficicnL evidence to 

indicate that p (population co4relation coefficient) ~ 0 . T e 

process involves ::he rejection of a null ypothesis thaL p = 0, 

and it is after this rejection we can conclude that there is a 

linear relationship between the population and the number of 

leaks. But before the hypothesis ~an be tested , "'e need to set 

the significance level , and we can let o(= 0 . 1 . 

The test statistic is : 

t = 0. 602293) 8 
1 - 0 . 3627569 

= 2. 1340286 

= 2. 1340 

2.1340 > 1 . 8595, the critical value of t for 8 de£rees of 

freedom at 10% level of significance . The null hypothesis can 

be rejected , and we conclude that there is a linear relation

ship b~tween the population and the number of reported leaks 

in the high income areas . 
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TABLE 3.5 

Population lo.of Lea ts 
(in 1000 s) (in 10 1s) 

X y 

Buru Buru 1975 11.65 5 . 3 

1976 15 . 95 l1.4 

1977 20.25 12.1 

1978 24.55 14.4 

1979 28.85 27.2 

Park1ands 1975 28 5 15.4 

1976 29.5 22.6 

1977 30.5 27.4 

1978 31.5 4lt.3 

1979 32.5 45 . 0 

Total 253.7 5 218.1 

~X~ = 6896.7 ~y~ = 6627 .35 

2 
(6314.5 

253 • 7 \ ~ 218 • 1 y 
r -

~896. 7 -(253.7 5),(6627.35- (218.1)
2

) 

' 10 10 

- o. 7108492 

r = 0.8431187 

- 0.84 

This v~luc of r tel sus that there is a strong rclat "onsh:p 

betHccn the population and the number of le · ks it the mi.cllle income 

areas. 

To compute the t statistic, wE> need o state the hypo 1eses :mel set 

the leve l of s ignif i.cance. Th~ appropr iatc hypo Llrc ~!.; are; Ho • p= 0 
H

1
: p if! 0 
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Letting c.( = o.os 

t = o . B'f.31187 1 _ __;a:__ __ _ 

..J 1 - o. 7108492 

= 4. 4348 

Since 4.4348 > 2. 3060, the critical valu of t for 8 d ~grees 

of freedom at s•t. level of significance, Ho is rejected, and we 

conclup.e that population is linearly related to t 1~ number of leaks. 

TABLE 3.6 

10:·1 I COi:IF. AREAS 

Umoja 

Total 

1975 

1976 

1977 

197R 

1979 

Population 
(in 1000 1s) 

X 

5c6 

11 . 8 

18. 0 

24.2 

30.4 

90.0 

o.of LeQks 
(in 10 1s) 

y 

1.8 

2. 2 

12.l~o 

10. 9 

I 27 .s 
: Sl: .8 

= 2004.4 ~y~ - 1036.9 

r
2 = (1359.1 90 ~ 54.8)

2 

f~2-00_4_.-4------9-~2~)~(~10-3~6-.-9 ----5-4-;8~2J 

= 0.8282 

r =- 0 9101 

I n these arc . s , the r e l ation hip e ·pe . the na .. 1b r o[ 1 ·aks and the 

population i 5 v c y. s tr ng . 

We c a n nou comp·tt:- e L, t he h ypoth.!SCS a nd d .c l c .;e• of 11;.. sni.fi ancc 

l: ent< it i ng th '"" .... -nc as i n the mi dL nc omc a c _,.. 
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= 

o. notJ-=--3--,._..,..~-
1 - 0.8282 

3 . 803 

3. 803 ) 3.1825, and thus the null hypothesis can be rej cctecl ancl 

conclude that the number of leaks arc correla cd to the population 

in the l ow income areas. 

City population has tended to increase fast r i. lo lcr income areas 

than in igher income areas. The strength of relationship bct~me tl1e 

number of reported leaks and the population , as v/Ould be expected is 

very much in conformity with this trend of population increas • Areas 

l ike Umoj a with a high population increase; hence many neH constructions 

and conseq ently longer new iping, shm1 very strong relationship, 

unlike areas with very few net., constructions , like Lavingt n and 

Huthaiga where other factors may have had a bigger influence on the 

number of reported leaks. 

Before undertaking an investigation of these other factors , t·e may 

conclude this section by stating that, since the population of an 

estate is proportional to the number of houses, and having proved that 

there is a relationship bet..,.!een the number of leaks and the population, 

it is logical at this point to conclude that there is a relationship 

between t.e number of hotses and the number of leaks. Given thaL 

relationship ex · sts be~:wecn the umber of hous~s and the n unber of 

leaks , l.rc can likc¥ti.se conclude that there i s a relationship between 

he length of piping anJ the number of lea s. 
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Age Factor 

The table of number of leaks per hectare showed that the number 

of leaks per hectare kept on rising in each region ~1ithout exception . 

Where many new constructions have come up, the correlation coeffi

cient has been very high betH,een the number of leaks and the number 

of houses compared to the more or less static areas. This simply 

means that the increased number of leo.ks in such areas is partly 

due to the increased length of piping. But what of the static areas . 
where the number of leaks per year has also risen . 

It is not d,ifficult to identify the areas where no new Oj= very fe'.; 

constructions came up over the study period. If the population 

increase v1as negligible , it was clear indication that very fe,.,, if 

any, new units ,;;rere constructed . In addition tc;; this, it was desirable 

to. adopt an indepe:1dent approach to identify those areas where no new 

water consuming units were built , by scrutinising the water co sumption 

figures. It was not possible to collec t this data for all the area:; 

under study, and the areas covereq were Muchaiga , Umoj a , Par lar.ds, 

Buru Buru, Industrial Area, and the City Centre. 

TABLE 3.7 

ANUUAL WATER CO FIGURES ~IN 1000 r s litr~) 

lndustiral 
Muthaiga Umoja Park ands Buru Buru Area 

1976 423485 127,336 3088202 204,000 2891,578 

1977 
' 

316437 316,761 3015063 360,000 3109,709 

1978 362270 361,202 3088424 {~32,43 2 3534,879 

1979 422503 /T44, 316 2998492 474,7 53 3353,056 

Droughts hav.e 'n effect on water consum?tion figures, hence th~ 

occasional fall in consumption figu . es in some areas for some years 

instead of remaining constant o r'sing continuously . 

City 
Centre 

35437 00 

3529171 

3l:.631~43 

3920083 
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A graph (not reproduce here) of litres per hectare agatnst number 

of leaks per hectare was drawn for the following areas- Parklands, 

Buru Buru , Muthaiga and Umoja . 

Consumption as well as the number of houses in Buru Bu u and Umoja 

have increased tremendously , and there appeared to be a good lin a~ 

relationship between consumption and the nt~ber of leaks in chese 

two areas . The water cons~ption in an area should be proportional 

to the( number of houses in that area, and therefore this relationship 

between consumption and the number of leaks, in addition to the pr -

sentation in section 3 . 2. 1, showed that the number of lerucs are related 

to the a~ount of housing. 

Consumption in other areas , namely Parklands, Muthaiga, Industrial 
I 

area and City Centre remained n'early constant, implying fm-1 houses 

Ld-up · h · · d h 1 b b f 1 l · h came ur~ng t lS per1o • evert e ess, t e num er o ea cs ln t ese 

areas continued to rise over the years. If no ne'l7 houses , hence no 
I 

change in length of piping , and the n~ber of reported leaks continued 

to rise, it can only mean one thing, that as the pipes grow old, the 
I 

number of reported leaks per year increase continuously. Age is thus 
' 

a factor to be considered as the pipes grow old. 

Soil Effect 

A thorough study of the soil survey map reveals that the City o[ 

Nairobi is doninated by two contrasting soil. types, ,.,hose char act ori

stics and chemical compositions are quite different. These t'llO types 

are commonly known as black cotton soi t and red soi 1. There nre of 

course transitional zones betHeen these two types of soils , where the 

content of each type falls gradually as one moves from one zone to 

the other . 

A SWECO stu y (sec bibliography) o'f the u derground le: tkage of ~..he 

Nairobi water distribution system, states that black co~ron soil ·s 

consider d to be more corrosiv than the r d soi due to its hit) 1er 
I 

moisture. content than t e red soil , and this fact is obviously important 
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for t: is study and thus calls for a ro ,.r • •rification. In s •a ch 

for this vexification, wo areas, Wes ands and Par l nds were 

selected. The two a cas are adjacent to •ach other and are qui ·e 

similar in t teir dr>velopment in ·erms of plot size a d · e general 

level of income of the inhabitants . Ag~wisc he pipes in the wo 

areas ·Here laid around t e same time . lio~1ever, they are different 

in the type of soi f.Jund in each area1 and thus they were ideally 

chosen for testing the soi l effect on the number of leaks reported. 

The data collected covered a period of two years 1978 /7 9, and in 

each year, four months evenly spread over the whole yea were 

covered. 

TABLE 3.8 

1umber of Leaks in Parkian s and Hestl anci s 

1978 Hest- Park
l ands Lands 

1979 We~t- Park
lao s lands 

February 

i'lay : 

August : 

Services 
fains 

TOTAL 

Services 
l-ains 

TOTAL 

Services 
Ia ins 

TOTAL 

Servic s 

13 
0 

13 

27 
3 

30 

13 
1 

14 

21 
1 

22· 

11 13 
~5 __ .0 

16 13 

14 
1 

15 

20 
1 

/) 

Ia ch 

June 

September 

D·c mLcr 

15 21 
_!_ __ o 
16 21 

21 
6 

27 

19 
3 

22 

22 
5 

27 

19 
4 

23 

15 
0 

15 

2 

10 
-------

The 1• • :>i ·al dl: a nf r. r ·l:m • is 700 }, •. ; an;s .,s OPL'o:. d t at 

o \·, "'~ LLnus \.:h ich ·s nly 150 cct.: ·n· :> . t co·np:n·.··i '(' p1·, 

it \, ..; t , ! l It ' C • • •i 'L y t 



52 

the two areas under a common denominator ~ This was accomplished 

by finding the number of leaks per hundred hectares for each of 

the month covered. 

TABLE 3 . 9 

umber of Leaks/100 hectares 

1978 West1ands Park1ands 1979 West: lands 

February 8.7 2. 0 March 10.7 

May 20.0 3 . 1 June 18 . 0 

August 10.7 1.9 September 14.7 

November 10.0 3.o ~ December 18 . 0 

Park lands 

3 . 0 

3 . 3 

"2.1 

1. 4 



S3 

These figures show clearly that the number of leaks/100 hect~res re 

much more in lestlands than in l'arklands and do not need any further 

analysis . We~tlands is a black cotton soil area, whereas Parklands is 

a red soil area . The contention that black ~otton soils ar more corro

sive than the red soils is thus confirmed. In addition to t is confirm

ation, the Chief Assistant Engineer was emphatic on this fact, that 

black cotton soils are more corrosive than the red soil • 

were 
This fact established, the black cotton soil areasLtreated separately 

from the red soil areas in the subsequent analysis. 

3 . 2.4 Multiple Regression Analysis 

In the previous section, it has been shown that the length of piping, 

age of the pipes and the type of soil have an effect on the number of 
0 

reported leaks. The task of this section isLfind a way of combining 

these separate causes into a single predictive. mode l - thus developing 

the crucial equations for this study. 

The starting point was to plot the number of l eaks per 100 hectares 

against the number of houses per hundred hecta res in each o[ the five 

regions (Umoj a , Lavington, t-!uthaiga, Buru Buru and Parklands), plus 

Nairobi South West which was added aL this point (in place of F..astlands 

which was dropped from the analysis for the reasons noted carlier),and 

compare the trend in each region \nth the others over the five years. 

The following information was computed for the purpose of constru~ti g 

the graph : -

a) Area of each region· 

b) Total number of leaks in each of the }'cars 1975-79. This d~ :1 had 

already been compiled at the beginning of the study 

c) Number of houses in each regio in 1974. These ,-_re obtaine by 

converting popul ation to umber of house:; basc;d on the income 

group an on the t}pe o lNJses L pical of that cg:ion. 

d) Number of new houses buil ·.n each of L e years 1975-79. Th . 

nl.ttllbe s •ere obt~ ined by cou ting the nlJt:tber of certific.1tes 

of occupation issued in each y ar, or by th<;. same p ·)cess as 
in (c) where ·he nee ssary da ·a vra!; not availabl 
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e) Estimated total number of houses in ,ach of tl1e years 1975-79 . 

This was obtained by adding t c a mua 1 figures in (d) to he 

base year (1974) on a c umulative basis . 

f) umber of teaks per 100 hectares and a1&o numb r of houses per 

100 hectares in each of the year s 1975-79. 

This were obtained by dividing both (b) and (e) by ( a ) and multi

plying by 100 in each case ; the r esulting data is displayed in 

the table below:-

TABLE 3.10 (a) 

umber of Leaks pe r 100 hectares 

Lavington:Mu tha iga : Buru Bu ru: ~lands : Umoja : ~bi S/'1/cst : 

1975 10.5 3 . 2 11.0 18.3 3.7 36.6 

1976 3.2 4.2 9.2 26.9 4.5 39 1 

1977 6.4 5 .. 3 25.2 32.6 25.4 49.2 

1978 8.3 5 . 6 30 .. 0 52 7 22~3 57.8 

1979 15.3 5.2 56.7 53e6 56 4 63.,9 

TABLE 3.J.O(b) 

~er of Hou se s per 100 hect~res 

Park1ands: Lavingt.2,!!! 1uthaiga : Buru Buru ~ trmoja: a ·t·obi S/ West 

1974 476 173 112 283 65 464 

1975 494 177 115 381 167 493 

1976 512 181 118 456 331 537 

1977 530 185 121 533 638 569 

1978 548 189 124 615 7l~l 582 

1979 565 193 127 786 859 611 

Certifi cates of occupation we r e used in arr · ving at the number of hou ses 

in Buru Bu ru, Umoja and Nai robi S. West; and in ot )~r areas, pnpu ati n 

figures were use d. 

The two se ts o f data are plo tted on the graph on the next page, hown as 

Figure 3.6. 



N 
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Looking at each region in turn, a linear relationship between the 

number of leaks and the number of houses, is quite apparent But 

the mozt revealing observation of this composile graph concerns the 

slopes of the individual graphs. The slopes are more vertical in the 

older regions in contrast to the nevTly built areas where the slopes 

are relatively flat indicating a slow growth of the number of leaks 

where the pipe s are relatively new and a rapid increase as the pipes 

grow older. If this be the case, a power function appears to be the 

best representation of such a relationship ; and the individual graphs 

seem to fit on such a general curve as illustrated through Figures 3 . 7(a) 

and (b) below. Figure 3. 7(a) is a different representation (by 

curves in place of dots)of the graph on the preceding page. These 

curves are then translated by the appropriate vectors (e.g. for Park

lands, the appropriate displacement vector is vector PP 
1 

from Figure 

3.7 (a) to 3 . 7(b) which map them on the 'corresponding section (in =efe

rence to the slope) of the general curve in Figure 3. 7(b) . 

Figure 3. 7 (a) and (b): Number of Leaks Versus ~~ber of Houses 

(a) (b) 

Y. ----:.--7 -----

l;/ 
NumbeL of Houses X 
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Muthaiga 

Laving ton 

Park lands 
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Buru Bur..1 

Nairobi S/t-lest 

Umoja 

As the above general curve (Figure 3 . 7(b)) suggests one would intui

tively expect the number of reported leaks to increase rather fast as 

the pipes grow old due to corros:i.vn. Expressed mathematically, the 

number of reported leaks grow as 4 function of age. And symbolically :-

i) F p Dc , where F is the number of reported 1 eaks per year 

D is the age of the pipes 

c i s some constanto 

If this equation (F~Dc) describes the gro~Tth of the number of leaks 

for a fixed length of piping ; and if we then double the length of 

piping, the number of leaks will also double , and if tripled, likewise 

the number of leaks will also triple etc. In general terms , we can say 

the number of reported leaks are proportional to the length of piping, 

and a more general equation can be formulated as follo\_-rs : -

ii) F P. P ( Dc) "rhere the definition of F and Dc remain the same as in 

equation (i)c 

and P is the length of piping. 
the 

This equation (ii) would be{ best in describing the relationship between 

the number of leaks and the length of pi:ping plus its age . But as stated 

earlier it was not possible to find the exact length of pipj.ng in an 

estate, a nd this problem was circ~mvented by the recognition of the 

fact th"it the length of p ·.ping "is approximately pn,port::.o:la.l to the num cr 

of houses. This proportion<>lity is restated here for further c arification, 

and exp lained in t~-'0 related •aY.S• 
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Starting with four hou ses to a hectare, and if l~e length of piping 

Lo each hou se is ~qual to X the the total leng h of pipi g to all 

the four houses is equal to 4X. 

Main~ 
pipe 

House 

4 houses/hectare 
Length of pipes = 4x 

a) If the plot size is halved, and 8 houses arc built in a hectare, 

the total length of pipes would be ax. 

[l ~ 8 houses/hectare 
~da~~~~~~~~~==~~==i:1~ Length of pipes = 8x. 

b) If the plot size is retained , and L~ more houses are built on 

a further hectare such that we have a houses in the two hectares 

the ler.gth of piping ~rould still equal to ax. 

a houscs/2 hectares 
Len<>th of p · p s = 8.·. 

fherea s in (b) the length of piping wou c\ n doubt dot blc, · n (u) 

it ,rvuld nr•fl rl f ou) 1 · •· not Pxactly fer tl· ~ s !. rrp c r c. . o tl:at U z 

Mains running do • th<:: street '"o 1ld remain ·o.1sta nt, bllt 11c Hain s 
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constitute a very small pe ccntage of the: total pipi g in an estate 

and hus their effect can be ignored ; also we 111ill recognise that 

the bulk of estate development is on the open spaces other than the 

inte ification of density . 

the 
A link between the number of houses andLlength o( piping h ving been 

esta lished, we can substitute P(length of piping)by H(numbcr of houses) 

in equation (i i) confidently . But to be on the safe side, P :::::II b' to~here 
b is equal or less than one ; and if b turns out to be le ss tltan one, it 

should neve rtheless be very close t o one if our a sumption of proportion

ality between the length of piping and the number of houses ls correct. 

From equat ion (ii), F p (Dc) b b 
( H ) where P - 1:1 • 

and formula t ed in a genet·al form ; 

(iii) F == A( Hb ) (Dc) s whe re A is a constant . 

Thi s equation can be regarded as the most importa nt equar.ion for the 

purpose of thi s study , and if it is proved to be the conec predictive 

equation, the aim of this study will have been achicv d, since the rest 

of the calculation will be nothing but the application of his equatio1 .• 

To simplify calculations in the process of findil:g the real values of A, 

b and c, equation (iii) 11/CiS reduced to a linear equation y tak 'ng the 

logarithm of both sides:-

(IV) Y = a + bx1 + cx
2 

where, y= Log
10 (F - No. of leaks ! 00 hectares) 

a= Log
10

A 

Xf Log
10

:1, = No. of houses /l.OI hecta t· ~ ) 

x
2
=Log1.

0 (o =Age of 1:he e!:'-at.e ) 

After formulat'n this gcner 1 ~qu~tion 1 i \-Jas a tl':'lttel: of f.:nding th 

exact va ues o f a~ b&c and by s? doing th 

been obt i n1~ • 1\ <IC'k cotton •,oi 1 a ;:e ;-t ;;111 

line o he b · · . ~L -;.ri 11 hav 

treated separ t. ly ;:;.s sta ~d r;!a lier and hP.nce tP• s't.s or. v .. t•';~s had .:o 

be obtair.ed. 
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A manual analysis to obtain the required values can be performed , but 

this is unne cessary since computer programs are available for carrying 

out such calculations. One such a program, which was used in this parti

cular case is "The ICL Statistical Analysis program XDS3" . 

Black Cotton Soil 

A self- explanatory procedure , as evident from the table below, was 

followed in obtaining the input data . The lette r s in the table stand 

fo r: -

A = 
B = 
c = 
D = 
E = 
F = 
G = 

H = 
I = 

-,---· 
I 
I 

Name of the estate 

Year when the estate was established 

Year of observation 

Age at time of observation = C- B 

Log of age i . e . Log D 

No . of l eaks/ 100 hec tares 

Log of No . of leaks/100 hec tares i . e . Log 10
F 

No . of houses/100 hectares 

Log of No . of houses/100 hectares i . e . Log lOH 

TAAI.I! ).11 

JMPIIT DATA 

I 

I .. 
\.t{QJA .!!!.!!!!...!!! NA].,II S. •'IST ~ 

\97~ 1977 19'..0 - 19)) 

197) 1976 1'"7 ''"8 ''"9 197) ''"" 1971 1918 1979 197) 1976 1971 1'"8 1919 197) 1976 1977 1978 1979 

I ' 3 4 ) J 4 ) 6 7 I) 16 17 18 19 70 tl v 1l ,. 
[-~ 0 0.301 0.477 0.1101. 0.699 0.71 0.002 0.699 0.770 0 .14) 1.17 1.20& I.JlO 1.:0) 1.779 1.301 1.321 1.342 1.361. 1.3110 

p 3.7 4 .) 2.).4 72.3 )6.4 II '·' 7).2 )0 !>6.1 36.6 39.1 49.1 )7.8 6J.9 )4.7 80 96.7 1)1.) 161 

c-Y 0.)& 0.6 l !.40) ! .)I.e 1.1 )1 1.041 0.964 1.401 1.47l 1 .7)4 1.)6) 1.)91 1.6t1 1.762 !.806 1 .738 1.90) 1.98) 7.110 7.12~ . 
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The set of y , x
1 

and x2 
were fed into the computer. 

The number o f leaks for Westlands were obtained by subdividing the 

original da t a for Parklands ( which included West1ands) into Westland$ 

and Parklands proper in the ratio of 53 : 47, this ratio having been 

calculated from the eight months analysis undertaken in the soil effect 

study . 

Red Soil 

The same procedure as for the Black Cotton Soil was followed to ob t ain 

the input data . The set of y , x
1 

and x 2 fed into the computer , for this 

type of soi 1 were :-

TABLE 3 . 12 

Input Data : Red Soil 

Laving ton 

G=y 
I=x 
E = x1 

2 

1. 041 0. 477 0 . 778 0 . 903 1. 176 
2.248 2. 258 2 . 267 2 . 276 2. 286 
1. 30/ 1. 322 1 . 342 1. 362 1. 380 

Parklands 

G=y 1.000 1.176 1 . 255 1 . 491 1. 462 

I=~ 2.b93 2. 709 2-724 2 . 739 2. 752 
E=x 

2 1. 301 1. 322 1. 342 1 . 362 1. 380 

Analysis of the Output 

Black Cotton Soil 

Muthaiga 

0. 477 0. 602 0 . 699 0 . 778 0. 699 
2. 060 2. 072 2. 083 2 . 093 2. 104 
1. 301 1 . 322 1 . 342 1 . 362 1.380 

The results of the regression of Y = a+bxl + cx2 for this. type of soil 

we re as follows :-

Reg r ession 

Coefficient 

Cons tant 
i9HSE 
LAGE 

- 1. 7977055 
o. 9591487 
o. 7982312 

MULT. CORR. O. 933 : 

T. Stat. 

2 . 35 
3 . 24 
7 . 48 

r. 

, 
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Since all the three T. Stat. (Lest statistics) ar g.ceater than 

2 . 1098, the critical value of t for 17 degrees of freedom at 5% 

level of significante, we conclude that each variable, including 

the constant, contributes significantly to y; and they should all 

be included in our regression equation. 

A multiple correlation of 0.933 is very significant, since anything 

above 0,46 is significant at the 5% level, and therefore this is a 

very good fit . 

These two essential attributes of our regression having been established~ 

we can no,., work backwards to obtain our fundamental equation for the 

Black Cotton Soil . 

From the computer output table, we have:-

LGLEK = -1 . 80 + 0. 96 x .L9RsE + o. 8o x $AGE. 

wherel9LEK = y = log10 (F = No . of leaks/100 hectares) 

[OHSE = ~ = log10 (H = Nooof houses/100 hectar~s) 

LGAGE = x
2 

= log10 (D = Age of estate). 

LoglO F= - 1. 8 + 0.96 x log10H+ 0.8 log 10o 
·F = lO -1 . 8H 0. 96D 0.8 

This now is our desired equation, and the value of b = 0.96 is very 

close to 1.01 confirming our assumption tbac the number of houses per 

hectare is pl.'oportional to the length of piping per 1 ectare. 

Red Soil 

The results for this type of soil \l~.:.:re :-

Constant 

[GHSE 

/§ACE 

Mult. Corr. 0. 898. 

Regres~ion 

Coefficient 

- 6.2987049 

0.9601277 

3. 7047133 

T. Stat. 

3.23 

6.40 

2.56 



All the T. Stat. are greater than 2.1788, Lhe critical v lue of 

t for 12 degrees at 5% level of significance, hence all the varia

ble s contribute linearly to y . 

A multiple correlation of 0 . 898 is very significant, since anything 

greater t han 0. 53 is significant at the 5% level ; and therefore this 

a l so i s a goo d fit. He can now obtain our fundamental equation for 

this type o f soil : 

y = - 6.30 + O. 96x
1 

+ 3 . 70x
2 

where y = LGLEK = log
10 

(F = o . of leaks/100 hectares) 

x 1 = 11;HSE = log
10 

(H = 1o.of house / 100 hectcr:res) 

x
2 

= /.YAGE = log
10 

(D = Age of estate) 

Log
10 

F = -6. 30 + O. 96 log
10 

H + 3 . 70 Log
10 

D. 

F = 10- 6. 3H 0. 96x 03 . 7 

This now is our desired equation for the red soil areas. 

The value of b is the same for the . two types of soils indicating 

that the number of houses/hectare is proportiona 1 to the length of 

p iping/hectare. 

The effect of age on the pipes in the tl.;ro types of soils is really 

different , just as anticipated, 

3 . 2.4.1 Validat ' on o[ thP Model - :.;:_ __ _ 
In order to check the accuracy of our p ·ediction ocie l before making 

use of it in the sub:;equent chapters, a plot '1\'<l made of th~ predi

cted number of leaks and the actllrtl number of 1 aks in 1975 a d 1979 

for ach of our six region - excep for Lavington where 1976 Ls used 

in place of 1975 (\.Jhich appears to be a xcept · on<:~l year i ,, 1.'• spect 

of the actual number of 1 a s) Tl•e gr·1pl is re roc!uced in ·• _ n xt 

page as Figut:e 3 .8. 
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In general, the two sets of figuras are clo!':c enough Cor us to 

conclude that our prediction equations can and do pred · c-L the 

number of leaks expected to occur in the \o7~ ·er system ith an 

acceptable degree of ac~;uracy. 
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4 . LOCATIO OF TilE ADDITIONAL DEPOTS 

In chapter three the two crucial prediction equations were 

developed using the data drawn from the representative areas . 

through the application of these equations , we can now predict 

the number of leaks expected to occur in each of our forty regions 

in 1985: a medium range forecast being considered an optiro~m range 

so as to minimQze the magnitude of any potential error . After 

predicting the number of leaks expected to occur in each region, the 

location of the additional depots was investigated therec:fter . 

The basis of subdivision of the city into forty regions was 

explained in section 3 . 1 . 1 - (See Figure 4.1 at the end of section 

4.2); and here only a brief deccription of each region in terms 

of existing and planned development is given in order to provide the 

necessary background information for appraising the suitability or 

appropriateness of any selected site. The regions are numbered from 

A to 00, and this numbering is later on changed {coded) from 1 to 40 

for computer analysis purposes . 

4.1 THE REGIONS 

A. Uthiru 

A primarily loH income rural population living on small private 

"shambas" . Zoning is 1.2 hectares on average, and development is 

expected to remain private. 

B. Waithaka 

Another rural area simi l ar to Uthiru in terms of existing and 

planned development. 

S Kangemi 

F.x.isting dcve opment is primarily lo~o~ income housing on private 

plot"' in three townships and small "shambas. 11 The area is zoned for 

0.1 hectares development~ Future developmen of low and a few middle 

income private housing is expected .on subdivision of existing sbamb s . 
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D. Riruta 

A densely developed area of lo 1 inc one rental housing and small 

"shan1bas" cur~ently being subdivided. rut r.e development of middle 

income housing expected. 

E. Karen 

Existing development is high income pLj_vate ltousing on two 

hectares plo s and a fc~.; large fauns. Futu c dcvelc,r.~(·nt of high 

income housing expected when public 1ater ~~p ly is mcde available . 

F. Langata 

Existing and planned development is ~ir.ilar to that of 

Karen . 

G. Lavington 

Existi .g development - lm·1 denslLy l1ith income ousing, plus 

a number of large educatjon sites. 

Future development - more high inco: u l.u•.lsing o. the few 

·acant plots. 

}{. Kileleshvia 

Existing devcloprnc t - mostly upper i;1c·me priv. Lc housing with 

some government staff hou ing. 

Future development - norc govern _nt st?(f ~.;'sing a:: higher den ities. 

r. Kilimani 

Existing cevelo t nt - rnidtlle and · 
.. 
L L! i ncon.e .h u- ing. 

Future development - Ioore 11 id-llc ,11 : • "'. im.o .. · l.ousing 

through subdi isi on of C'KisLing p otfi. 

J. Ch'ro~o 

E •isL.:.n!; develot-·' ent 

state house :mel the ''' 'vcr~ity. 

FULU C•> dcvc.lO!'iH?.nl - mor 

fL,ts . 

p i t ,, ' , .-.:om_ he· sing plL.s th~ 

i h :reo·•.:. ,·oi.l.>in~ ;! l univer.ity 
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K. ·1oodley 

Existine development - Very high income rivate housing on one 

side, and middle income housing on Lhe other side . 

ruture development - more middle income housing. 

L. Hospital 

Existing developrrent - hig..l-1 income lot-T density housing with 

some i~olated high income flats plus large ho spitals (Kenyatta & 

airobi ) and golf club s . 

Future development - Redevelopment of existing plots aL higher 

densities . 

M. Otiet:de 

Existi ng development - planned public sales housing for middle and 

high in~ome at medium and hi gh densities plus angata barracks. 

Future development - ex tension of the housing estate. 

N. a tional Park & ~ong Forest 

Existing development - housing for forestry and National Park 

S t aff . 

future development - small extension of staff housing. 

0 . a irob i_ South 

E.·i sting dcv""loptnent - 1!'J.ddle income public and private housing. 

Fu ·-~.u: c dcvelop.rent - extension of the middle income public 

Lousi n '• 

? . Ka Lc. 

E;:i.st i ng d·"ve l opemen - educ~tiona l and governmental insti tu 

L'ons ·. t•~ludj ng jl ni c1· and senior staff housing. 

F u. ~ deve1opm.nt - little change. 

E:·ts ! ·u"" deV ., J. C'PmenL -high income priva e individual and esLate 

! .. 1US . nn . 

development of high inccme housing hrough 
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R. St . Bcnois 

Existing development - scattered high income housing, plus 

several institutions (UNEP , K. T. T. c . e . tc .). 

Future de elopment • more high income housing through development 

of large empty spaces. 

s. Karura Forest 

Existing development • Forestry staff quarters . 

Future development - li ttle change . 

T2 . Parklands 

Existing development - upper middle and hi&l income private housing 

plus a number of institutional sites . 

Future development - intensification of density by conversion and 

re- development for flats and maisonettes . 

Tl. Westlands - Similar development as Parklands . 

u. Central Area 

Existing development - primarily a corranercial centre (o[fices, shops 

& hotels ); with some lower middle incorr.e housing to the east of Tom Mboya 

street . 

Futur e development - reduction of residential quarters . 

v. Pangani 

Existing development - mi ed private and public lot.r and middle 

income housing. 

Future developrrent - little development except re-development of 

existing plots. 

w. Eastleigh 

Existing development - lower middle income private bousin£• 

Future development - private development of vacant plots. 

x. Kenya Air Force 

Existing development - Kenya Air Force <:.irfield and associated 

housing and institutions. 

Future development - no change . 
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Y. Eastlands 

Existing developmen - public lot.,r and lower middle j,ncome housing 

at high densities . 

Future development - there is virtually no room for further 

development . 

z. Mathare 

Existing development - squatter (slum) settlement . 

Future development - upgrading of the slums . 

AA. BuruBuru 

Existing development middle income housing estate. 

Future development - extension of the housing estate . 

BB- Industrial Area 

Existing development - primarily industrial development with a 

few railway housing to the extreme north west and a few houses to the 

extreme east of the zone. 

Future development - infilling of vacant industrial plots . 

CC. Mu thai ga 

Existing development - very high income low density housing plus 
I 

the City Park . 

Future development - a few more high income housing expected to 

come up. 

DO. Kigwaru 

Existing development- coffee farms wi h scattered private high 

income housing. 

Future development - more high income housing with sub-division of 

the existing plots . 

EE . Rorsambu 

Existing development - large farms with labour lines on one side, 

and some middle income housing estates • . 

Future developmenL - more middle. income housing with subdivision of 

the large farms . 
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FF. Kaha 1a 

Existing develo ment low income housing in a semi-rural 

environment on one side , and middle and high income i stitutional 

houses (Kahawa Barracks and KenyaLta UniversiLy College). 

Future development - low income housing estates plus the expansion 

of K. U. C. 

GG . Breweries 

Existing devel opment - ~~ddle income institutional housing . 

Future development - institutional development . 

HR . Ruaraka 

Existing development 

and industrial development . 

middle income private and company housing, 

Future development - high density lo\v income housing. 

II . Kariombangi 

Existing development - c ompany and private low income housing. 

Future development - l o{-1 and middle income housing. 

JJ. Dondora 

Existing development - middle and low income private housing. 

Future development - site and service scheme housing for lm.; income 

population. 

KK. Dondora Industrial Area 

Existing developemnt - indus trial de elopment. 

Future development - further industrial development. 

LL. Umoja 

Existing development - lo"~>T and middle income estate housing. 

Future development - expansion of lo~J income estates. 

Mt1. Doonholm 

Exi ting develo ment - pri ate middle and high income housing. 

Future development - more middle and high income housi g. 



72 

•• Embakasi 

Existing development - airport and associated s aff housing. 

Future development - expansion of the airport and associated 

development. 

00. j iru 

Existing development - scattered large farms including labour 

lines . 

Future development - to retain its rural character for some time 

to come . 

It is the policy of the government to preserve the forests and 

the National Park, and hence these areas are left out for the purposes 

of this study . No developments (residential , commercial or industrial) 

are expected to come-up in these areas in the foreseable future . Njiru 

area except a small portion close to the developed area is also excluded 

from this study since it wi l l remain undeveloped for quite some time . 

4.2 HORKl.OAD PER REGION 

The dependent variables entering into our prediction equations, 

for each type of soil , were found to be the age of piping and the number 

of houses in a region . 

Types of Soil 

As stated earlier Nairobi is dominated by twc types of soils - black 

cotton soil and the red soil . The red soil being on the northern side 

and the black cotton soi l on the southern side. The boundary beb·recn 

these soils is shown on the map at the end of this section (4.2) .• 

Age of Piping_ 

The age of the pipings in an estate is the average age of Lhe 

pipes icc. com t:ted from the average daLe when such pipes \vere laid . 

Number of houses 

The n~mber of ltouses in an estate is obtained by conver 'ng the 

population of an es ta te into an equiva~enL number of houses based on the 

).ncomc of the reside nts ; a proc ~s s which \·I CIS properly explained in 

Chapter 3. 
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The above set of data was then obtained, and is displayed .in the 

table 4.1 belofl . ote: Age and number of houses relate to 1985 . 

T LE 4.1: SOIL, HOUSES AND AGE DATA 

Region Type of Number of Age 
Soil Houses (Yrs) 

A R 770 2 

B R 3320 2 

c R 6422 2 

D R 2578 2 

E R 1160 2 

F R 1600 2 

G R 1560 30 

H R 1940 30 

I R 3033 30 

J R 2500 30 

K R 3571 30 

L R 2667 30 

M B.C 1300 25 

N B. C 

0 B. C 3201 25 

p R 786 2 

Q R 4167 9 

R R 1567 2 

s R 

T1 B. C 970 30 

T2 R 4530 30 

u B.C 3180 40 

v R 9375 30 

w R 9000 30 

X R 375 25 

y B.C 12600 25 

z R 8000 2 

A.A. s.c 3771 13 

BB B·C 2000 25 

cc R 1050 30 

DO R 1850 7 
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EE R 671 6 

FF R 2688 5 

GG R 814 10 

HH R 1083 10 

II R 2389 10 

JJ R 5000 10 

KK R 535 9 

LL B.C 4190 11 

~1M s. c 833 8 

NN s.c 2000 8 

00 B.C 1222 2 

R Stands for Red Soil 

BC II II Black co1:ton soil. 

Through the use of the above data, the number of leaks expected to 

occur in each region were then calculated . To illustrate how the predict

ed number of leaks were obtained, let us take region V (Pangani) :-

The red soil equation is used in this case, 

F = 10-6 . 3H0 . 96D3 . 7 

:; 10-6 . 3x 9375"96 x 303 . 7 

= 10-·6 •3 
X 6502 . 68 X 291977 

= 951.57 Leaks 

The number of leaks expected to occur in ach region were similarity 
calculated, using the appropriate equation in each case , and Lhe resulting 
figures incorporated into the computer j.nput da ta (Sec tion 4 3 .1)· The 
number of leaks expected to occur in each region vYere also displayed in 
Figure 4 . 1 on the next page. 
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4. 3 SITES OF LOCATIO . 

Having accomplished one of our primary asks i . e . finding the 

number of leaks expec ed to occ r in e ch of our forty regions by 

1985, 'e were now ready to tackle our ultimate task of searching for 

the i deal location of additiona l depo s. The calculation involved in 

this search was rather lengL y, and a computer program (where regions 

are coded from 1 to 40 ) had Lo b wriLten Lo ease the computational 

burden . The program is reproduced in section 4 .3. 1. 

The rationc:le behind our ideal location of additional depots 

are those locations which minimize the total weighted distance 

(Distance x rumber of leaks) £ o the depots to the repair sites . By 

minimizing the total wei ghted distance, the cost of operation will 

obviously be minimized in te s of fuel consumption , vehicle depreciation 

and labour-hours los t on travelling, and by so doing utilize efficiently 

the scarce resources at the disposal of the City Council so as to provide 

a better service to \.Jatcr consumers. 

To compute the total we i g ttcd di s tance, three basic assumptions 

had to be made . First, each ar ea is serve.d through the shortest route 

from the depot, sccor.d, the r epair sites in each area are represented by 

a single central do t , and fina lly, all the operation routes through each area 

are via the central dot. • The last two assumptions , unlike the first one , 

involved little con.putationa l work except pinpointing the central dot 

in each area. 

Tl•c shortes t routes bcn•een all the regions, was calculated in 

two steps. First, the dis tance between t:he central dots in neighbouring 

areas wa~ measured, and these measuremcn s arc set out in the table of 

computer input (Section 4.3 ). Secondly, the first part of the computer 

program v · s desi gt.r.d to ca l culate t he shor t e st distances from each region 

to all th other L1 i .y-niHe cgions. 

The shor te .,l ,Jistanr s bctwc n all the r egions having been 

c alculal d , and t <.! e:tpec t c · nu·:ilier of l ea s in each region having been 

for ccas t ccl , w \.ere no··' i n a JO::.i ti n to fi nd the ideal locations of 

addi Uo1.a l depo ts . 
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-ment 
At the cctiJUence/of our research, it was r alized that Kampala Road 

Depot was a ixed depot due to the enormous amount of unds already 

invested in the construcLion of this depot; and the research efforts were to 

be directed toward finding the ideal locations of additional depots. The 

very fact that Kampala Road Depot was a fixed location dictated the kind 

of approach to be adopted in tackling our location problem i . e . an incremental 

kind of approach - where to locate one additional depot, tt-ro additional 

depots , e . tc . Logically , we had to start by computing the total 

weighted distance from Kampala Road Depot as a base for evaluating the 

achievement (reduction of that total weighted distance) attained in 

setting up additional depots . But how many additional depots to set- up 

was an issue to be resolved at this point , before the computer program 

was designed . Unfortunately the cost data required for carrying out a 

detailed analysis to resolve this issue was not available - namely depot 

establishments costs and total transportation costs , and there was no 

alternative except to consult the experts (mainly he Chief Water Engineer) 

on this issue . It was felt that one additional depot would be ideal , but 

since the methodology of investigating where any number of additional depots 

would be set- up is as important as specifying where one edmitional depot 

would be set up , the co puter program was designed not only to specify 

where our one additional depot would be loca ed but also Nhere two poc:sible 

additional depots can be located . 

The total weighted distance from Kampala Road Depot was obtained 

by multiplying the shortest distance from Kampala Road depot to all the 

C~ther regions by the respective number of leaks , and then taking Lhe 

sWirD.ation of the individual products . 

One additionalDepot 

The ideal location for one additional depot is found as follows : 

Let R (L) be the forecasted number of leaks in region L. 

e let K be a possible location for the additional depot, and "'e allovr 

K tt~ vary from 1 to 40 except that it cannot equal 27 t·lhich is the location 

of Kampala Road Depot. 
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For a given value of K we examine another region L (where L is not 

equal to either 27 or K) and we compare the distance from region L 

to ampala Road (C (27 , L)) ui r.h the distance o he additional 

depot (C (K, L»and we assume that the region Lis serviced fro~ 

the nearest depot . In the case of ties we assume it is serviced 

fro Kampala Road . We examine all possible regions L in this way 

and compute: 

01 = z: C 27 , L) x R(L) 

All regions L serviced 

from Kampala Road . 

and 02 = z: c (K ,L) X R(L) 

All regions L serviced 

f r om the extra depot K. 

The total weighted distance when the depot is located at K is given 

by: 

D(K) = 01 + 02 

We compute D(K) for all possible values of K (other than 27) and 

identify the one that is smallest . That then is the ideal location for 

the additional depot . 

Two Additional Depots 

The ideal l ocations of two additional depots are found in a 

similar manner to the location o[ one additional depot. 

Let R(L ) be the for casted number of leaks in region L· 

We let K1 and K2 be the possible locations for two additional 

depots . We allotv K1 to vary from 1 to 40 except that it cannot equal 

either K2 (the possible location for the other depot) or 27 which is 

the location of the Kampala Road Depot . For each value of Kl , K2 is 

allowed to vary from 1 to 40 except that it cannot equal either K1 or 27 . 
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For a given set of values of Kl and K2, we examine another region 

L (t..Ybere L is not equa l to Kl, K2 or 27) and we compare the three 

d·s ances:-

1) to Kampala Road Depot (C(27,L)). 

2) to Kl depot (C(Kl,L)) . 

3) to K2 depot (C(K2,L) 

and assume that the region L is serviced from the nearest depot . In case 

of a three-way tie or a two - way tie a11d Kampala Road DepoL is involved, 

it is serviced from Kampala Road Depot; and where Kampala Road DepoL is 

no- involved , it is serviced from K 1 depot. We examine all possible 

regions L in this Hay and compute :-

and 

The total 

at K1 and K2 is 

We compute 

027 

DK1 

DK2 

~ C(27,L) x R(L) 

All regions L serviced from 

Kampala Road Depot. 

== 2: C(Kl, L) X R(L) 

All regions L serviced from 

Kl depot. 

- L; C(K2 ,L) X R(L) 

All regions L serviced from 

K2 depot. 

weighted distance when the addi tl.onal depots are locaLed 

given by :-

D(K1,K2 ) = 027 + Dll + DK2 

D(Kl, K2) for all possible sets of values of Kl and K2, 

and identify the one tha is smallest. That then identifieB t:he set of 

iceal locations for the t~vo additional rlcpots . 

After shovri.ng horN the computer program was c~ £:i~ned to compute the 

ideal location of one addi ional depot and then t ·o additio . 1 depots ~Te 

ca no·: loci· at Lhc program i. tself Logf.: lter wi t:h Lh~~ input. d c,t and the 

rcs~lting outpu • 
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4.3 . 1 . THE CC»1PlJTER PROGRAM 

The computer program (reproduced aL the end of thfs chapte~ was 

designed to execute four primary tasks in the following order :-

1) Finding the shortest distance between all the regions~ 

2) Computing the total weighted distatce from Kampala Road 

Depot . 

3) Specifying where one additional depot would be located, and 

the total weighted distance thereof. · 

4) Specifying \oJbere two additional depots can be located and the 

resulting total ~·Teighted distance . 

The Input Data 

The input data, consisting of the nunmer of leaks expected 

to occur in each region in 1985 and the distances brtween 

neighbouring regions, is set out in table 4. 2 at thf: end of thi cbapt r. 

The Output 

The computer output consisted of! -
of 

1) A matrix of the shortest distances between each pairLregions , 

which \-las checked on a test-check asis and found to be correct. 
-

2) The total weighted distance from Kampala Road Depot , which came OL'L 

as 49253 . 5 J<ms /year. This compu tation Has checked through the 

use of the appropriate row in our matrix and found to b _ corrr•r L .. 

3) The t otal .,.,eigbted distancesfrom each of the Lhirty-nine p ssibl 

locations for one additional depot. The ideal location with ::h ~ 

10\-lest total weighted distance \-tas region 20, \-lith a total \Tei gb t:.d 

distance of 31,688.9 Kms/yearo T :is is a 36'/o improvement ovn Llt c· 

total weighted distanc~ hom Kampala Road Depot. 
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4) 1b ideal loca tions of two additiona depots ~nd the tot .11 

weighted distance th rcor. These regions were regions 20 

and 24 with a total weighted dis ance of 24,838.4 Kms/year . 

This shows a further improvement of only 14% over be total 

weighted distanc from Kampala Road Depot . 

4.3 . 2 Conversion Factor 

In an earlier study - by Veena Gupta under the title 

"Scheduling and Control of Transport, Labour Force and Mac.erial in 

airobi City Council 1 s Water Department", it was found that on average 

a vehicle travels 150 Km/day. There were 11 vehicles ac. the time of 

this study, and assuming there are 305 working days in an year 

excluding Sundays and Public Holidays , the total distance travelled 

by all the repair vehicles is (11 x 150 x 305)=500,000 Kms . per year. 

The total weighted distance from the present depot (Kampala 

Road Depot) is approximately 50,000 Krrs . The conversion factor from 

the total weighted distance to the actual distance travelled is thus 

500,000 j
5
o,ooo = 10. This conversion is necessary due to the 

assumptions made in calculating the total weighted distance which 

differ quite significantly from the present rnode of operations . The 

assumptions as stated earlier were :-

1) Each area is served through the shortest route from the depot . 

2) Repair sites are represented by a single centra l dot . 

3) All the operation rou tes through each area are via the central 

dot. 

4) A single return journey is made for a repair job. 

In contrast to the above assumptions, the real style of 

operation which was described in part, in section 2.3.3. is as follows:-

1) Normally for each repair job, the foreman comes back to tl1e 

depot for the required m tcrial . 
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2) The foreman , t: any given t).me, is i ch ... rge of a number 

of jobs which can be widely scattered, and he has to 

supervise them as well as supply his men wi. th all the 

material required, and therefore he i~ always on the move. 

3) Workers are collected from centres which are close to their 

place of residence and taken back in the same place after 

work. 

4) The road net \•70rk in the Ci y is such that, there are few 

direct routes between neighbouring e~tates , and consequently 

l onger routes have to be used to move from one estate to a 

neighbouring estate. 

The reality of the situation then justifies the said conversion 

factor . Given the total weighted distance per year , one can then 

convert it to dle actual distance which would be covered by the repair 

vehicles in a year . 

4.3.3 Where is Our De.eot? 

As stated earlier, the final recommendation would be to 

specify where one additional depot would be located . 

This final step of specifying where he additional depo \oiOuld 

be located calls for a careful appraisal of the,suitabil_ y of the site 

chosen through th2 computer program. Other factors which could not be 

incorporated into the program have to be consi.dered in this appraisal. 

Region 20, which was sho'-m as the ideal site, is the c· ty Centre. 

Acquiring land here must be an expensive undertaking, and therefOl~c the 

possible sites should be ranked (in an ascendjng order of their ot . t 

weighted distance) from he best, second best, third best e . t.c. o tl1at 

the City Council c n compare the transpor tat· 0!1 savings \ i th the os L 

of buyi g the land and building the additional depot in t c City Ct. I:tt"c 

as opposed to those o ltt~r ossible sites . The costs to be:. com;>.lrcc are 

the differential cost bet,veen buying the built:.:.ng site in the City C~ntre 

and in the other possible locations, \ ith h" transpor ·n ion cos• ~wed 

by operating from the c.;· ty Cen tre as pppos~rl 1 operatirt ·' from the ther 

possible .-..it :; . 
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If the s vi• g is greater than the different:ial cost, the City Centre 

~11 still be our ideal location for e additional ~ po , if not 

greater, the other possible site will be a better choice . 

The cost of land to be considered would be the price of land 

ruling at the time the decision to build the additional de ot is 

taken. 

The transportation cost depends mainly on the amount of fuel 

consumed by the scrvic~ vehicles, their depreciation and repairs . 

The earlier study (by Veena Gupta ) mentioned in the preceding section 

showed that at the time of the study - on average the vehicles consume 

300 litres of petrol and 84 litres of diesel per day ; and taking these 

as our working figures , "Yle .can illustrate how the City Council can 

select the ideal loca ion . 

Let us take the current price of petrol of 6/20 per litre and 

4/10 per litre for diesel - though these figures would have to be 

substituted '~>lith the actual price figures at the time of decision 

making, and '~>tith forecasted price figures since the future costs are 

more relevant than the current costs for a loc tion problem - as our 

working figures , and 305 \vorking d ys per year as stated eDrlier; and 

calculate the annual fuel cost . 

Petrol: 300 x 6$20 x 305 

Diesel~ 84 x 4 10 x 305 

To tal 

Shs.567 ,300 

Shs. 05,042 

Shs.672, 342 

This to-al figure is incurred Hhile oper ting from the current 

depot (Kc-.mpala Road Depot). By building e additional depot, this 

figure auld obvioucly be reduced. The r sul ting cost figur ~·hen the 

additiona depot is built in any of he o cr possible siLes would be in the 

same ratio to the total cost: figure as the corresponding total \.,eighted 

distance bears to e tot 1 t-teighted distance from a.1!pa la Road Depo • 

In other vJords , the total cost figure would be mul ipHed by the ota1. 

\vcighted distance from any possible si e and divided by the to al '"eigh d 

distance from Kampala Road Depo t , to obtain the relevant fuel cost: . 



Ex lc: Total \~cighted dist 1 cc when the addition l depot: is at he 

City Cen re is 31688.9 Kms/ycar . 

Fuel r.os 31,688.9 
672,342 X - Shs.432,574 

49,253.5 

= 433 ,000/= 

Fuel cost snved in Lhis particul ar case is Shs.(672,000- 433 , 000) 

239,000 per year . 

Similar calculations are made for the other nine ranked possible 

location , and he follolving data summarized in the table below:-

Table lh3: Fuel Savings 

Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Name 
of 

the region 

City Cen re 

Pangani 

Chiromo 

Wcs lands 

Kileleshwa 

Hospital 

i: ark lands 

Eastleigh 

Kllimani 

Eastlands 

Total 
Weighted 

Distance 
(Kms/ycar ) 

31,688.9 

33,413.4 

34,832.8 

35,495.0 

36,624.0 

36,755.8 

37' 140.3 

37, 582 . 2 

37,886.0 

38,359.4 

Annual Fuel 
Fuel Cost 
Cost Saved 

(Shs 1ooo) (Shs•ooo) 

433 239 

456 216 

475 197 

485 187 

500 172 

502 170 

507 165 

513 159 

517 155 

524 148 

1~is table can be extended to cover all the 39 regions . 

The above illustration is based on fuel cost only , and although 

the fue]. cost is the major component of the total transpc•rtation cost, other 

costs .g. the differcn ial ost of deprecia~ion and repairs of vehicles, 

wo a f. O be o sidered. 

Non qu 'lnlifiablc factors \vhich are peculiar to part1cular sites 

\o70uld a l!jo c onsiderc before the City Council wakes the fina l choice . 

Lastly , it must be stressed thaL, by setting up an additional 

d cr ct: . t her !': rin~s whi h have not been quantified will also accrue , 

e ...,. Lh r ·ill be a lesser loss of \valer as a result of attending to leaks 

( 1s • .:-t: ·l1c> n at present. Lesser oss of water will mean more income to the 

Ci t ':ounci 1 f ro;.l Lhe sale of the sa ed \va tcr, and an improved supply of 

,., c · t i.ndl s r.!. •. l and o t h e r 1 usiness s and to private hou!; olds . 
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No . of R.cpai'Ce/ No. of 
Region ye r in 1985 Adjacent Adjacent Adjacent 

1 2 
Region R.eg. Oiat . Reg. Dist. 

I A 

Knlo Knl . 

. 004 3 p 4.5 D 5 

B .0 16 3 A 3 D 4 

c . 029 5 p 3. 5 Q 7 

D .012 6 A s B 4 

E .006 2 B 5 F 7. 5 

F . 008 4 E 7.5 0 6. 5 

G no;u7 4 Q 4. 5 It 3 • .5 

H 209 .719 6 G 3. 5 I 4.5 

I 323 . 170 7 c 5 D 6 

J 267 • .528 5 1 : 4. 5 L 2. 5 

K 376 .726 .s D 6 F 6. 5 

L 284,662 6 K 6 0 4,5 

H 203 . 119 3 F 8. 5 K 4. 5 

0 482 . 433 3 H .5 L 4 • .5 

p . 004 3 A 4.5 c 3.5 

Q 5. 078 6 p 6. 5 c 7 

'--

TABLE 4,2 COMPUTER JNPUT DATA 

Adjacent Adjacent 
3 4 

Reg. Diat . Reg. Disc . 
Knl. Knl. 

B 3 

E 5 

G 5 I 5 

f 6.5 K 6 

K 6. 5 H a. 5 

I 4 c 5 

J 2.5 Tl 2 

K 2. 5 L 4 

iJ 2.5 Tl 2.5 

H 4.5 L 6 

88 6 u 2. 5 

0 5 

BB 2 • .5 

Q 6 • .5 

. 
c 4.5 H 6 

Adjacent 
5 

R.eg . Oist , 
Km. 

D 2. 5 

1 6 

Q 6• 

J 4. 5 

!{ 2. 5 

1 2.5 

J 2. 5 

T2 5,5 

Adjacent 
6 

R.eg . Dis t . 
Knl . 

c 2. 5 

Tz 2 • .5 

It 4, 5 

I 4 

R 6. 5 

R 

G 

. 

AdJ ac nt 
7 . Diat • 

K/1. 

4 

00 
00 



No . of Rep irs/ No . of 
Region year in 1985 Adjacent Adjacent Adjacent t\dj cent t\dj cent Adjacent Adj con AdJ ( ,., 

1 2 3 4 5 6 7 
Region Rog . Oist . Rog. Disc . Reg . Dlst . Reg . Disc . Ra . Oitt • R 8• Dlst Rt • 

Km. Km . Km. Km. K.m . Km . t:m . 

R .oo8 4 Q 6. 5 !2 6. 5 cc 6. 5 DO 6. 5 

Tl 177 . 418 4 t2 1. 5 ll 2 J 2. 5 u 2. 5 

T2 47J . J72 7 H 2. 5 Tl 1. 5 u 4. 5 v 5 cc 3 . 5 R 6. S 0 s. ; 
u 698. 193 7 T1 2. 5 T2 4. 5 v 2. 5 y 5 BB 4.5 I. 2. 5 J 2. S 

v 951 . 570 6 u 2. 5 !2 5 z 5.5 cc 2 . 5 w 1.5 y 3. 5 

w 914 .000 4 v 1. 5 y 3 X 3 z 4. 5 

X 22 .052 4 z 2. 5 w J y J M 2. 5 
y 1797 . 650 6 w J u 5 v 3. 5 88 2. 5 M 3. 5 X 3 - --) 
z . 036 7 v 5. 5 w 4. 5 X 2. 5 II 2. 5 HH 2. 5 DO 5 cc 

M 334 . 614 4 y 3. 5 88 5 . 5 LL 2 X 2. 5 

BB 307 . 142 6 L 6 u 4. 5 y 2. 5 AA 5 . 5 MM 7 0 2. 5 

cc 116 . 329 5 R 6. 5 T2 3 . 5 v 2. 5 z 5 DO 5 -
DD . 919 6 R 6 . 5 cc 5 z 5 HH 5 cc 6 ££ 4 

EE . 196 3 DD 4 cc 3 FP 6 . 
FF • 379 2 EE 6 cc 5. 5 

_ cc 1. 564 5 FF 5. 5 E.E 3 DO 6 HH 3 Il 3. 5 

H11 2 .0571 4 cc 3 DO 5 z 2.5 u 1. 5 

11 4. 396 5 cc 3.5 HH l . 5 z 2. 5 LL 3 . 5 JJ t .5 

JJ 8. 9J3 2 II 1. 5 KK 2. 5 - -
Ki( ' 0 . 708 3 JJ 2. 5 LL 2. 5 co 4 

~----- -- ----
LL 323 . 90 5 M 2 MH 3 KK 2.5 ()() 3. 5 ti 3 . 5 -
Hli 53 . 246 4 LL 3 00 3 liN 3 88 7 --
Nil 123 . 44 2 Mli 3 ()() 3. 5 -
00 25 . 375 4 KK 4 LL 3 . 5 MM J NN 3 .5 ----
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s. 

paper, 
As I come to the end of this resea rchL it is desirable. to highlight 

the major findil'€s of the study and the conclusions drawn therefrom , 

on a chapter by chapter basis; and finally end with a vrord of advice 

to the potential user of this study on how to utilize the findings . 

5 . 1 Chapter One 

In this chapter, we started by tracing the history of Nairobi (very 

briefly) from its establishment in 1899 as a railway depot to its 

present size and importance as a centre of commerce and industry for 

the entire country. 

Secondly , it ~~s shown that about 17% of the water supplied to the city 

is lost through leakages, and expressed in monetary terms , it means the 

City Council is losing revenue to the tune of 23 milJion shillings per 

annum. This loss appeared to be a reasonable justification for undertaking 

this study , \o~hose findings if implemented ~vould contribute quite signifi

cantly to the overall reduction of this loss . It was argued that , this 

loss can be reduced by building additional \-later repair depots so as to 

attend to leakages with minimum delaye The objective of the study ,.,as 

consequent ly stated as a search for the ideal location of one addit ional 

depot or at most two additional depots . By setting up additional depots, 

other important benefits arc also expected to accrue from the reduced 

distance between the depots and the repair sites in terms of lowered -

vehicle depreciation rate , fuel consumption and travelling time . 

Finally, it ,.,as stated that , less lo ss of l.r.'Clter vlill result: in an improv~d 

supply of water to the industries and other businesses and private house

hol ds in the city, thus benefiting the country 1 s economy in general, and 

ci ty dwellers in particular. 

5. 2 Chapter T\·:O 

Thi s cha,t>ter begun by setting out the city f s or r.lnisatio l for l atcr rcpc. il:' 

right from the mayo r, through the various departments and sections c:o•,.m 

to the smal lest operational units. 
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Secondly , the water supply was traced right from the sourc s of supply 

through the entire reticulation system down to the consw er' s terminal . 

Finally , a brief analysis was carried out of the existing system of 

operations , where one of the most important finding was that on average 

33% of the official working-hours are spent on travelling due to non

central location of the present depot. It was also argued that the idea 

of re- siting the depot in a more central location was out of question 

due to the enormous amount of funds already invested in the construction 

of this depot; and the only feasible alternative was to set-up additional 

depots . 

5.3 Chapter Three 

This chapter was devoted to the development of the prediction model , a 

model ~.mich was to be used later for predicti the number of leaks 

expected to occur in the various regions. The occurrence of the number of 

leaks was found to depend on three variables - length of piping , age of 

the pipes and the type of soil . It was not difficult to obtain directly 
.... 

the data for the last t,,fQ variables, unlike the data for the length of 

piping which could only be obtained thr.ough an indirect tTicans - by assu

ming that the length of piping is proportional to the number of houses in 

an ~state , an assumption '.rhich was proved to be correct in the course of 

model construction. 

The presence of soil effect in the prediction model meant that two predi 

ction equati orohad to be developed - one for red soil areas and the other 

for black cotton soil areas . The two prediction equations \'Tere fouud to be :-

a) 

b) Black-cotton soil : F = 10-
1

•
8

H
0

•
96

x DO.S 

Where (in both (a) & (b) ) ; F is the number of leaks per year 

H is the number of houses in a region 

D is the age of pipes in the region. 

5. 4 Chapter Four 

In this chapter, the num e r of leaks expected to occur in each r egion 

by 1985 ~~ere fo!:ccastcd through the use of the prediction equation deve

loped in chapter three. The foreca s t .d number of 1 aks we r in turn used 



in an investigation of \-Ihere the additional depots would be located . 

This investigation involved a considerable amount of computatior~l 

work, and a computer program had to be designed to ease the computa 

tional burden. 

The rationale behind our ideal locations of additional depots are 

those locations which minimize the total weighted distance (Distance 

x Number of leaks) from the depots to the repair sites . 

The total weighted distance from the present depot (Kampala Road Depot) 

was found to be 49 , 253 . 5 Kms per year. It was also found that , given 

the total weighted distance , one would have multiply it by 10, to convert 

that total weighted distance into the estimated actual distance covered 

by the r epair vehicles per year. The estimated actual distance covered, 

then, is half a million kilometers per year; at an estimated total fuel 

cost of Shs . 672 , 000. 

Two additional depots would have to be located in the City Centre and 

Eastlands , with a total weighted distance of 24, 838 . 4 kms per year, which 

means by setting up the two additional depots, the transportation cost 

would be recluced by approximately a half, e . g . the total current fuel cost 

would be Shs. 336, 000 per year. Though, the idea of setting up two additional 

depots is left as an open possibility for the City Council to consider , one 

additional depot is recommended. 

The ideal location (through the use of computer progr~m) of one additional 

depot was shown to be in the City Centre with a total weighted distance of 

31,688.9 kms per year , which represents a 36% reduction over the total 

weighted distance from Kampala Road Depot . The transportation costs would 

be reduced by approximately the same percentage e . g . fuel cost (cu rrent ) 

would be reduced by Shs. 240, 000 per year. 

It ">as finally pointed out that due t"o high cost of land in the City Centre 
I 

it may not be the best of the possible locations. Consequently , it is nece-

ssary to rank the the possible sites from best , second best etc., so that 

the City Council can compare the transportation savings with the cost cf 

buying the land and building the additional depot in the City Centre • The 
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result of this comparison plus any non-quantifi ble factors which are 

peculiar to particular sites would then i fluencc th City Council ' s 

final decision as to whether the additional depot will be located in 

the City Centre or in any one of the other possible sites. 

5.5 Future 

The findings and conclusions drawn in this study were arrived at under 

a set of prevailing conditions, and must be re-examined from time to 

time in light of any fundamental changes in these conditions. 

Two areas, pregnant with potential change, must be watched with utmost 

care as we move into the future:-

1) It must be noted that the prediction equations have been deve

loped for the existing type of piping, ' ·1hich is predominantly 

galvanised iron. If a different make of pipes is used in future 

these equations would cease to apply in those areas where such 

pipes would be laid and a new set of prediction equations would 

have to be developed. 

2) The future tvill see the city gro~1 in terms of intensification of 

density and opening up of ne\-1 areas, and a direct consequence of 

such a pattern of growth will be the physical spread and the mag

nitude of the number of leaks occuring in the city. A great number 

of l eaks spread over a large area will have to be serviced ; nece

ssitatino the establishment of new depots and re-location of the 

existine o .as . The growth pl.'Ocess is bound to be an on- going 

process for quite a long time to come, and establishment of semi

p ermanent depots - \vhich can be re-located with minimal financial 

expense - is def.i.nitely preferable over tl e establishment of 

pennanent depots~ 
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