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CHAPTER 1 

INTRODUCTION 

This study was conduc ed at the Water and 

Sewerage Department of Nairobi City Council , specifi

cally the Operations and Maintenance Section at the 

Kampala Road Depot. The study was requested by the 

Chief Assistant Engineer, of the Operations and 

Maintenance Section, Mr. Charles Hurst, who thought 

that the existing system was not operating efficiently. 

My supervisor , Dr. David Kohler approved of the idea 

and then permission o carry out the research was 

granted by the Nairobi City Council. 

It is the job of the Operations and Maintenance 

Section to find sources of water, get water from those 

sources, t reat it (or purify it) and then distribute 

it among the people of Nairobi through a well maintained 

distribution system. 

Faults such as leaks, burst mains, blocked 

meters and so on - occur in Nairobi City Council's 

wa er supply sys em , and the responsibility for 

repairing them lies with the Opera ions and Maintenance 

Section. To carry out these repair functions there is 

a large labour force, considerable supplies and a 

number of vehicles with radio communication . Even 

with all these available facilities the section is 

operating inefficiently; many complaints remain 

unattended and there is a lot of delay and wastage of 

both time and money. 

The purpose of this study was to find where these 

inefficiencies lie and why. Then I was to suggest 

ways of improving the inefficiencies of this Section 

particularly in its use of transport, labour and 
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CHA~TER 2 

H STOR AL A KG OU D 

2.1 BIRTH OF NAIRO I AND THE CITY COUNCIL 

The birth of Nairobi coincided wi h he buil ing 

of a railways head uarters between Uganda and ombasa. 

Originally Nairo 1 was a Masai land known to he Masai 

as 11 akusont lon" m aning 11 th b ginning of all beauty". 

" akusontelon'' was b1sec e by a small stream which 

the Masai call d Uaso ai bi "a plac of cold water", 

and it was tha nam which most peopl preferred o 

use. The Uaso ai bi came o be known la eras he 

a1robi River and h place as airobi. At th ime 

he railway arrived, Nairobi was no more than a bleak 

swampy s retch of landscape devoid of human habitation 

of any sort, the r sort of housands of wild animals 

of various species. 

airobi was chosen as 

main depot between Mombasa an 

reasons: was a equa 

1 was the last str ch of 

he Rift Valley. B fore 

only became the s aging pl c 

he sit of he railway' 

Lake V ctoria for wo 

water avail ble h re and 

v 1 ground before reaching 

n of 18 ai bi not 

for h railway but 

also for hunters, raders and settl rs. Soon after, 

in 1901, the headquar ers of h Bri sh Eas African 

Pro ectora e were moved from Machakos o Nai bi, and 

his had the effect of fur her swelling 'ts po ulation. 

The regulations of he Nairobi Municipal 

Committe were publish d on he 16 h April 1900, and 

1 officially comm need opera ion in 1901. The Nai bi 

Munlripality Regula ions defined th ownship o 

Nairobi as "the area comprised wi hin a radius of one

mile-and-a half of the railway station". Th city 

boundarie were ext nded in 1928 then again in 1963, 

and a further extens ~n is projec ed in the ture 
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ai bi Dam was compl d n 

as providin ,~ illio gallons of 

46 and by 1950 1 

r ily o 

D m had airob for consump 

be n going on , wh n 

o rai he h igh 

ion. Work on h Ruir 

on Nov m r 1946 t wa 

of ha am o incr a 

d cid d 

the saf ty 

margin in future dry 

comple .ed. 

asons . By 1 50 Ru u Dam was 

n he mid 1910 ' s ther wer wo schools of 

houghton Nairobi ' s wa er problems. Nairobi's 

fu ure wa er supply could ei her be brought from a 

grea distance or pumped from a gre t dep h: dams or 

deep wells was the issue . Some wer in favour of 

!:>inking large boreholes in h municipal ar a . Howev 

when the prel minary gauging of he Chania River was 

comple ed in October 1946 ev rything else was sub-

r, 

ordina ed to he Chania Sch me and early in 1947 it was 

adop ed as the long term solu ion . The o her dam si es 

were abandonned and the id a of deep well-boring was 

dropped. 

Aroun 1 48 h plans for he Chanta-s~sumu 

Scheme wer comple ed. The dam to b cons rue ed would 

hold 1 000 , 000 000 gallons of s orm flows from h 

Chania and Sasumu Rivers; he wat r WO ld be pip d 

for y mile 0 airob1 and h schem , which woul ost 

approx1ma ely £750,000 , would aug n • Na rob 1 S W e r 

supply by four million gallons daily when completed in 

1952. This is what was sch duled a tha ime but in 

fac the Chania-S sumua Sch me was comple ed four 

years later in 1956 . 

In 1955 the Ci y ob ained supplies from Kikuyu 

Spr·ngs lairobi Dam , and Ru'ru Dam . A hat time , 

s orage and purification took place at Kabete and at 

Hill Tank . Once the Chania-Sasumua Scheme was 

completed in 1956, the water supply was also obtained 

from the Sasumua Dam . Then purification of water ook 
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(111) c rry ou 1 s op a tons in ace rdance 

wi h sound bus n ss, financial . 

e rl ~ and ublic u 1lity practic s . 

A the same tim he wo ar s ( he C1 y 

Council of Nairobi and he World Bank) also agreed 

tha the wa er r a e should increase from Shs . 4 . 00 per 

1,000 gallons o Shs . 5 . 00 p r 1 , 000 gallons with 

effect from ls Ap r il 1 70 . 

Th a r and S wP r age Oepar m n is organiz d 

in two separa e uni s , one fo r planning , d v lopm nt 

and construe ion and he o he r for water operations 

and maintenanc . In this h sis we a r e mainly 

concerne d wi h he Ope r ations and Maintenan~e Sec ion 

of Nairobi Ci y Council's Wa er Departmen . The 

Operations and Main enance S c ion ope r at s from h 

Kampala Road De ot which was built in 1974 . Before 

this 1 was ope r a ing f r om town office which led o 

inconveniences due to lack of sp ce and facilities . 

Th e sec ion is r esponsib l e fo r the ope r ations and 

maintenance of all water dams, tr atmen wo rks , 

laborator ies, water stor es and of h water 

dist r i bution system . Its functions a r e : 

(1) op mization of exist ng wo rks: 

(ii) imp vement of he tr a ment of water · 

(iii) design and laying of he retic lation 

sys ems for the new housing p r ojects ; and 

(1v) imp vements and repairs o t h e exis ing 

dis r'bu ion sys em . 

With regard o maintenance , it may b e mentioned 

hat inefficiencies and dis urbances o f ten occu r in 

the smooth running of the sec ion b cause the same 

wo r ke r s a r e used both fo r maintenanc and f o r new 

connections . As a rule , p r io r ity is given to t he 

connection work . 
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96 he n om rom . a rc ~ s d st adily o r 

he years 1 70-1972: 

R v nu 

L s Ex ns s 

en e 

Des i h 

1970 '::)'/ 1 72 

1 1 137 t 000 l, 30' 10 0 1 t 7 8 1000 

evelopm i t 

4 8 , 000 

1~~=~-~~~ 

Nairobi Wa 

o ks nd 1 org nization is IJ l!oming incr aslngly 

ifficult to m t the City'~ im:r a ing demand for 
• wa te r. F'gur 4 hows he ir cr ase in population n 

fi r 5 sho h correspot ing incr ase n at r 

consump on over he years rom 1 50-1980 . 

he popul ion o Nairo i w n up almos 7 im s 

from 1950 o 1980 . This incr a~ ln population aro 

b c us 0 vario factors (migrat;io t bir hs -X n-
sion, c . ) . T d mand for wa r ~ n up 12.3 fold 

in th same p ~to nd the C · ty c uncil f a 1 

w ha d press to cope wi h ... is r ng emand. 

Looking a th nanci, 1 c:; • dr of th Wa r 

D p r m ha lw ys sho\1 n 1 ive et r v 

ov r h y ars. 0 he hi h r n va ou 

co s of' wa er su 1 h a s al o ros a 

consi erable e . The airobi Ci v Counc'l ' 

n char ges . it ' s overall xp n sl revenue and 

su lus ov r h years are sh wn in Table 1. 
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forwarded to h 
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Dis ribu ion S ction . 

(11) A daily laboratory nalysis r por of wa e r 

from Kabete laboratory, whi ch is forwarded 

to the Act:ng Principal Assis n Engineer 

for Trea ment Works. 

(iii) A record of radios and to which vehicles 

hey have been fitt d. 

The Con rol Room is a busy plac in rms of 

the incoming and outgo ng calls ; and the number of 

people coming in to send or receive messages (mainly 

the section heads and Inspe ors) ovPr h radio ts 

quit larg . 0 h rs com n o ch ck on h map he 

location of their assiro jobs . The room is quite 

noisy around nin O' cl)ck, when nearly all he 

telephones are used simultaneously, and on top of that 

map checkers are also alking . Too much noise in the 

Cont rol Room causes difficulty and confUsion on both 

sides of he telephones and radios. 

0 her problems experienced by he Control Room 

include having to leave the Cont r ol Room unatt nded 

in o rder to go out and call variou officers r qui red 

on he radio by their m n in the field. Se on ly wh n 

an attenda is alone, he can occa ionally find more 

than two calls (either on he radios or el phones) 

coming in simultaneously, and he has o ke~ some 

callers wai ing or leave them unat nded . Thirdly , 

they at times find 1 difficul o know he exac 

na ure of he consumer ' s co plain and h r for at 

l;imes send he "waterworks" o th wrong section e.g. 

to he Mains Section instead of sending it to the 

Service or e r Section. This leads to extra delay 

in taking he right action. Fur hermore when an 
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SUMMARY F t CTIVI TIES A 

Ov r 1 h m f t 

D par men ca lis 'low -

c r '~r' 1 v r r I n sy. m, w 

main and runk maLn . 

Co- ord in ion and ac vi 5 of w- r s 

tion , .'11 h ac lvi es rri · 0 hrough 

public w rl<s d"vlsioL 

Su1 rv . 1 1 

of" quipm t t . 

nd 'I 1 k h p. 

R ui · l 

rna in tenanct . 

p l' h· !" i ti i b r 1 

n r . 

nt:r l v•r s. 

ai nan of dis ri u in and collt c "· ng 

M int nat c and st 1 t g of fire hyuran s. 

i 1 ct o'f ac vi i of ar z n . 
SUI zvi 1 11 1 k d . i n.·p 

cl an in nd m n 1 lin s. 
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0 ch r 

r bu-

0 h r 

ck 

by 

ys m . . 

R s lvin of con urn r 0 1· ·n s. pip llS S, 

disconn c ions, reco n c ions . 



Al 

12. Supervision of capital works carri d out by dir ct 

labour. 

13. Review of staffe ~ablis~tand organization of 

staff training . 

t4 . Data collection and prepara ion of r ports. 

15. Preparation of accurate records of ains, Service 

connections and o her ins alla ions. 

16. Preparation of preliminary budge estimates. 

17 . Consumption and pressure survey in th Dis ribution 

System including records of district me ers . 

Even though each sub-section s ems to have i s 

own problems, all the p blems are ul imately r ela ed 

and concentrate in the a eas of labour ranspor and 

mat rial. The major inefficiencies lie in he 

organization of labour, ransport and material along 

with inadequa e con rol. This can be described as • 

follows - the men (labourers) 1n he morning are picked 

up from heir places of r sid nee and brought to the 

depot where atten ance is taken and he allocation of 

jobs is done . There is a grea deal of confusion a 

he depot in the mornin . Af er they have 1 f h 

depot th foremen drop he various ·earns of labourers 

and artizans at heir places of work one by one . These 

sites can b situated anywhere in the city. Some fore-

en don' go to he si es due to shortage of vehicles 

for wo foremen do no like o go in the same vehicle . 

On paper he Water Depar men has many veh1cles but 

usually a large number of these vehicles are not 

operating and ar in he city garage for some repair 

job . Some of th departmen vehicles have been in the 

garage for a number of years now. There is no control 
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CHAIT· R 

P ELI NARY VEST G T 0 D 0 T 0 

T e 1 1 i m · nary ves l 

coll c ion was cr rr'ed ou in h follow g s s . 

1'he s udy b gan n J 1ly 1 79 a a r 1 

of d'scussion. betw n M . Charl.s Hurs , th n 

Assis an Chi f Engineer ~nd Dr . Dav d Kohl r, my 

supervisor. Mr . Hurs me t·oned som of he 

inefficienci . of his sec ion to Dr . Kohl r. Dr. 

Kohler hough ~ migh an n er· 'ing ar a 

for re~earch, nd asked wh h r n MBA s ud n 
m i gh t e a 11 u w d o i n v 's 1 g a ~ h c s 1 u a 1 on 
an mak roposals for improvi g tffi ncy 
of he section . This ro osal was r a ily agre1 d 
to, firs by r..r . Hurst and th n formally by ~he 

G neral Manag r , Mr. Moch · . 

Th oblem was inl 'ally def'n d as: 0 
~ 

Depo , 

labour and 

er use o 

In ord r to nsur ha ·ISS a ce '~ d and 
g v n v ry 5 ance by hi . taf:f , .r . Ht rs 

c 11 d a m · ng of all s b-s c tic.n • ad:.. and 

ins ec ors . At th s me ti ng r r. Hur in r due d 

m~ and x laincd purp s of the study. He 

s ress d tha no-on was to feel ~hr a en d y 

he s udy and h asked ha all staff coo erate 

fully. I ben fited gr a ly f om this mee n for 
I was introd red o everyone . Everyone in he 



5 . 2 

5.3 

1 

d pa m n w 

loub s or qu ·ins 

nd sugg s ns gi 

rna er ally 0 th 

FAMI .IARIZAT 0 . 

B for h 

b g·n was firs 

m sel wi h h m 

wh 

wer 

n 

s cc 

a oing on, any 
clar1f1 d . Th por 

h staCf c tri u~ d 

s of the roj e 

f rma inv·s g on could 
n c SS' y 0 familiar z 

In f Jr.i robi 1 s waL 
ys n nnd wi h h or •1n n, f nc i or . and 

s ar of h va ou. SlJb- ns tin 
u !t In rvi ws , of a e ral ve 
n ur • w helct in iv Jually w h all sut-

ct ·on he a an 0 .h r k y taf'f m mb 1 s. su h 

as thos ln the Contr ·1 Hoom and s ores . 1l 

addition, I p rson ... lly obs rv d ~v ry . - ,c 1 

n 0 rati 1 un.i in p ra Jl '11 le·z t th 
chni cal a. pect. of Lh work. 

. 

n 

Thr ugh these in rvl ws rnd observa ns 
I 1 acn d y-o-day runn g of the organiz· on, 
.. h c ivit tS rfo d by ac su -s c ion n 
their rol 1n h s c ion s a who c, nd a r a 

al f" hnical knowl· ge bout h hy leal 
char~ erJ; :ic!' f pip ·, j )Lnts, v Jv 1 1 aks, 

b rs s. m rs, c. 

On I was r rniliar w1 h h~ org n·za 1 on 
and i s a v· ti ' I ·uz v._y he l cords k pt y 

he various op rat'onal n i · · Th c s h 
thought r levan~. 0 h Si,Udy we h s 

( . ) rumb r of r ·cords re k· t 

staf . al with the aim f 

tCCOUn ng for the it com ng an ou g ng 

m ter· 1 and p tr I observ d discreetly 
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he r cord k n r in o r on, 
an also c mpa d or r c r 

he ac ua1 p ysic 1 st ck n om 
From hi w s abl a n h 
rec or ds k by s or qui 
o- d te ar d w r ccu n ugh fo y 

study . 

Con A <.:on id t m 

was 111 co ds k r> n h 
Con rol Room . c 1 Ro m i a v ry 

u y lac wi h alls n !'rom 11 

a r eas . Vi r all c mplain s a rst 
r c or ted n r 1 oom by lepho 
Ea h com 1 is h r orded 1 a o urn n 

call d a This wac rwork 1.:> then 
passed 

Mains , 

.. ak n. 
·n he 

carr s 

of h s· i h 
s rvic s or M rs, for ac on ~..o he 

D .ails of ach complain are r ecord 

Con rol Room R o rd Boo . . 'I'h·s book 

-

im or tan i fo na ion such as: 
the d' and im h c mpla n cam 
the of h c mp1 in . . 
1 ak n h m " l "a rna n 

r .; 

1 0 of Ch com i n 

ci y; 

which section s, S rvi c ~ or 

ers) is a igr d o r c i y h 

faul ; · nd 

"a 

btr 

- the da and im when he faul was 

r ctifi d . 

1n ; 

If 

Ry ca _fully s u ying he r cor s of the 

pas v 1' 1 1 w s able o o tain a v r y 

oo ·mpr ssion f 11 
h w y h ccmpla n s v ry in f r qu ncy 

hro gho t h S ~C.Ally h 
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peak mon hs : 

t h pat rn or. :fau s in h· va ous 
o a ions of e y; 

e ffi' h m in occur; 
ac o rd rg he t me h r u ho h 

ay an the d ys of th w k; 

- t h fr qu ncy o:f th y o:f 
complaint e . rs I I l ak 1 c . 

I rlot eJ raph which vi 1 y 

summarize d his in~orm ion. Al l h c mpl· in s 
are r co rd i n t he book 
bu ften t hey a 
·h faul has 

not up-d 
c . :f i 

hey ' re 

ed la r 

Du to 

ceiv 

n h n 

his 
inco rec and Inc mpl r cord-1< pin one 
nev r know~ whi ch complc i nts hav , c tually b n 
act d upon and ·1lch o s hav n 1 This 
ind'ca es he lack of , good feedback 'nd 
cont r ol sy em . 

Th• Control Rom st~ f al kee1 r ~c.ords 

of he da'ly in ow nd o tfl w of wat r in he 
r es rvoi r s (in gallons p r day) an h 1 vel f' 

wat r in th various o r::o a part cula 
im Th y also com 11" a daily abo a or y 

wat r n~l y "'is ( p t . 'h s r cords w r 
st d'cd in de tai 1 sine th y wer no dir ly 
r l van h udy. 

A h b ginning of 
e ors p e are \ork Allo a on 
For s wh ch 

- the da e; 

- each a ·zan' nam ; 

h y e and loca io of h complair 
h a d he 1 our r s hav 0 d ~al tli h 
t hat day; nd 

e number o:f vehicle h will use . 
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~o1 k llo a on Form ( A11end X A) 

made ou for ch forem n . On n lly k s 

ne v hi le VI lh number or a iz n Th'" :f'or m n 

uses t v hicle o dr· · ach ~ r iz n a h s plac 

f work ~o our cr su rvis ng he tork . o 

col lee mat rial and su plies from h d ·rot wh n 

requ r t and als o dr p men h m or bri g 

back 0 he depo a th end 01 he ay . 

I found that th way h Ylork Allocat ·on Forms 

were com le ed was very inefftcien : each artiz n is 

alloca ed only ou jo for th whol · day ven wh n 

the job is xpec to las only one hour. '!'his wastes 

valuable labour ho rs and crea _s conf sio1 and 

probl ms . 'l'h · s was ted me co ld si ly 1.> us d o 

reduc the am un f ov rt im•, finish up a long j b 

or compl e ana h r p nd· ng j 

In dd · (JI 

in p c r al o k 

h 

0 h 

s r 

or All a ior Form h 

rds ,f: 

o ·11 hou1 ·· work d on uc h Jo , d 

h numb r of ver 

t c. ch man . 

ho rs wor d y 

These recor s in urn r u. d o ale l h 

cos of jo s in 

workers ' over · 

rms of man hours and o com u 

pay . 

th 

nothor m 0 r ant doc1m n which 

is che v hi lP ork Ticke (. e 

Ap ndlx B) . This is comple 

ve c · by th f r m'n in ~hu 

vehicle. Th"s form gives amon 

ach day for each 

of the 1a t·culr.r 

th r things : 

- the vehicle number; 

he a and driver ' s name · 

-full details <f he rou aken, 

material car 1 ·d 

journey; 

nd purpose of he 
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h orne r a 1 gs , nd 
t t.;h b ginni nd o the av , 

an at arr·v,l n d p r 1r f m 

ch pla e of w k . 

The o r ic lly on could sc rt n from his 
doc m n a grea ea of inform io nt to he 
organization and eff·c · ncy of he 0 ra ons an 
~ain nanc S c 1 n. This form cou d g1v infonnat on 
such as : 

tim the v hi c 1 • 

de o · 

ar cd f'rom he 

h su pl ics and m •n h v hicl was 
carryi g; 

h a ls ,f he 1 te h v h 
to k; 

- d a. ls r ga ding wh and ho wa 
dr >P d or pi kt>d up w er a a wha 

im"', c . 

So we ~e ha this doc m_n coul be v ry us ful 
and important, but I am afraid , however, ha is 
rar ly ompl ed fully and acc1ra ly . h re rna be 
sev ral reasons why h s so : 

h for men r not v ry w 11 u a ed 
and f 1 ill-at- a w · th paperwork; 

- no o. a par n ly sc1u iniz s 

V hicl Work 'l'i k" rt 
- lf he v hicl Wor~ Tick 

ill d in, m ny ·ffic· s 

f OS d. 

- Each for~man is supposed to 

jobs 0 y m 0 a 
bu whe 1 look in o l . s . h se records were 
nev r k or v ry rr gular. Som of h for em 
ot f"l d in h r books for over - yea Th 

pro r•ly 

t gh l 

keep a 

sis 
ither 

n had 

re 0 s 
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for h is a h am D for llO t fill ing 
the ehicl ork Tick prop rly. 

If ompl ted such r cords COlld hav 
g·ve some very imp or an nd user 1 information 
for he s ludy a. well as for h organiza ion a. 
such . 

(vi} a e r ial and Vehicle Reco rd Book - Anot r r ecord 

stud' ed was t he acerial and V hicl~ R~ ord Book . 
This is fill e d in by Lh a~ ndan s at .h gat,. 

of t h e de t . records h im each v hicl 
comes in 0 goes ou t of t h e depot, i s purpos 

and wha il is c rry·n . 

The above are ·h ~ w cxis ing r ·cords 
wh'ch we most r'levant. o my s udy . .fou d 

in g n r al ha thes r _co rds we r _ rar ly stu 

by th op r ations s aff a~.. h' Op a ions and 

lain nanc · Sec ion , an h sen or management 

d id 10 n.· is on 'h•·.i I b i ng compl ted 

and a cura -ly . This r flee s he lack 

ad~ u t con r ol . 

5 . 4 THE INFORMATION REQUIRED FOR 'lflE 

One I had 

Ope r ti ons ar 

and I ad udi Lhei 

ain ance S ctio o 

r cord .· in d tail . 

ully 

of 

he way 
ra _ 

wa 

abl 0 id n . fy wha f r h r informa tion would 

b n edcd ~or my stu y: 

(1) h mil ag. ach v_h1cle rav 11 d 

•r day; 

d 

( 1 . ) h petr 1 consumed in 1 i r s p r day; 
( . i . ) h imi1gs f vehicles e ring and 

1 av ng h yard· 

(iv) the ... im when the vehicl s lef to 

collect he la ou r and he e 
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h y r t;urr d h d 0 : 
(v) he 1m ch ar zan r ach d his pl 

of work; 

(vi) h nu bPr f' w rk s p es n c d· 
(vii) thP numb r of jo s ff t _a h ay: 

. : i) he num er of man hours an veh'cl hours 
ass·gned o each job; 

(ix) he load the veticles carr td in terms of 

men and supplies; 

(x) th amoun of 1m wa ·t d waiting for 

supplies to arr·ve a h~ plac o work; 

(xi) · h amount and y e of rna rial used; 

(xii) the number and ype of oh, don 

includi ng t heir loca ic n; 
ach day, 

(xiii) th length of ime tak n o answc r a 

{xi v) 

consumer complaint ; 

he number of c mplain s com·ng o he 

Con ol Room 'h o gh the el ph r ard 

o t h r so rc e s n t h i r c 1 ass 1 f 1 c-- t ion 

according o Se tion ( ains, Servic s 

and Meters); 

(xv) he numb r of p rson·l rad o messages, 

( xvi ) 

tel hone messag• s and oth r · stract1ng 

low rior ' y calls om·ng in o h Con rol 

Room; 

he numb r of 

fr m its pred 

ra io call ; 

mes a v hi le · div r d 

rmin d rou by an u g n 

(xvii) the accur cy of h Co rol Room s~aff in 

dla no l ng he n£ r of consum r 

c mplain 

THE TA COLLECTION EXERCISE 

to coll c this r quired infor ati on a 

d a coll c 0 X c · s was plann involving 

near y all of th ac ·vi i s . I d signed a n mn r 

of orms o be compl " •d by h various members of 



s af'f' form·ng h r l v n du . s. These f ms 

w r all geared owards coll c ion 0 h r qu r d 

da a 

ns r ~ 

o r th 

h 

stu y . I took s v r·l reca ti ns 0 

compl tion and accuracy f h_ forms: 

- I clearly demot s ra d an xplai d 

-

11 de 'il (• ry one n how 

0 fill i h fonn and h 

no on was ask to ill in the r 

names an I ass r hem he h Y n 

nol fear expo ure of ·ndivi ual s a d 

that all lnforma on would be P ated 

as confidential · 

-data ·as coll•c d for a p riod of on 

w ek - a perlo not oo short an no 

oo long; 

ed 

- a daily heck c n filling h · forms was 

administ red . 

Even f - r aking all h s pr0cau~ ons .hl s 

lar a a oll c on x rc· s !'ail •/h n c lle 

the · . fo m. 

he :fonns 

incomple 

t; h end of h w k I foun hat halr 

i er n 

Very few forms ha b n properly f1lled in. 

The r asot for such a r .spons1· ou d be any of he 

following or som oth r: 

hey w r relu tant to fill in he fo ms 

for th y wer 0 o ally conv need as 

t;o th use of such informat ·on; 

- m Y b th y w r 0 exactly a sured o 

h sec ri t;y ~ 

-most m n in such a lield 

wo rk; 

t st d p p r 

h y fond hs .. f nns im -con umin' 

a d x ra wo k . 

f r his failure I was fac d wi h a roblem -

how was I to coll c 

ou he study . 

he nee ssary data requ·r d to carry 



COLLECTIOI\ 

da~.a coll c o 

x r cise he wh le si tuati n was r vi we frorn h 

ound 

forms , a la g, p 

ead o using all cwly 

or ion of h inform ion 

n eded c uld acquired f om th ext~ ing r cord 

So for th second da a coll c ion exercise _ u d 

s rna y xist"ng fo s as I ould . Some addi ion 

e r e ad to some daily r co r s ·o suit he 

uirern n s of h !'; udy a 

~orms wer also designed 

inf orm ion n ded. 

d a f w new v ry s mp 1 

provid h addit on 1 

This m full rar e w· s tak n .. ha all fo r ms 

w~re f"lled in accurat ly and comple ely . Al n 

with the och r r ecautio s tak n reviou ly ·o 

nsure h is , 1 as k ,d r . Hurst he Chi f Assis 

Engin r o call a m ing o all he i spec ors 

f'oeem n , Con rol Ro m andS o r es staffs . I h n 

xplain in d tail how each form was to be 1'111 

nt 

d 

in , all do bts we r ased ~nct u s ions cla if'ed. 

Mr . Hurst a k d all m n o ive m he r full 

co-opera ion a .d o f"ll in the forms compl ly and 

accura ·ly . H old hem that i was th r duty ~o 

compl L th forms . 

Th vartou f rms th' w~ u ed for his a a 

c oll t; n X cis Cc n b iv d d in o wo lass s: 

he ·xi ing co r " and th · newly esig ed f zms . 

ion o each of th 

ex·s ing r~ ora~ used has n given earl· r i 

this chapte r. Th fall wing · s a more d 

an specif c accoun . 

iled 

- This 11a. the m R 

th s udy. Th's form 



( ii) 

70 

as 0 I 1 ~ n dur 1 i a by h for .. a in 

char g of ach .r h icl n copy was s1bm 

.. e tor da oll c ion an h oth r one w s 
a in in th book for r cord keepi r Th 

form g v v ry useful da c at d · n 

down h 

out by 

givin 

on 

Useful 

h im h v hi.cl 1 1 f d 0 

he men and rna e r· al 1 carried ; 

h ti e wh n n w r dro p d and 

pick up from sit - th" s gav th 

av rag number or hours ac u lly a work; 

h de ails of h r u tr v 11 y 

each v hi 1 his oin d out th 

a a cov r ed by he v hic1 I th 

dis ance rav 11 d n mil s and any 

d fee s n h rou J k_n; 

l (' amo 11 of up rv sion don 

h urn ( r of rip s mud 0 and .from 

h. e i. and h ir d ra ... or. ; 

- by noti g t he SP'~edom te r r ading 

I calcula d h di. nee b tw~ n each 

Sl and he " al s an ra lled 

y he vehicl ach day· 

h ime t v ·hicl r t rr· d o he 

d 0 • 

min< r 1 i 0 w . 
w~ . add n 

wa ork 01 u ry ~r ~ r 1 

ach n i ?.c n . Th i ~· :f 1111, ap' t t frorn 

impor n · nf rm a n , h 1 ed keep a check 

d g tht r d by h,. hiclc w rk T" ke . 
operational facts no d w re : 

- wh · ch a· izan rav 11 d 1n whic 

vehicle ; 

- ~h re w b each ar iza d opped with 

his me and to do wha 

y ch ck· g ou h 

sh numb r Cc:: rr· e 

wa erwork or querry 

I I o nd h w long 

t takes to'sa isfy a consume r ('ompla nt ; 
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- how many jobs an artizan performs 

in a day. 

.:;...:..=-_.;:;..~.;:_;;...=..:.;.:.;;..._H:..:..=;..;;;c..;;;o;..:r~d~s - 'rh · s r cord of over 
hours worked by laboure s , ar izans and form 

·s kep y the inspectors and wa us d to find 

ou~ t he to ,1 amount of ov r m worked daily. 

Records - From he Co rol Room 
~~------------~--~~~~ 

mainly s~udied the wa rwork r cord and h 
Daily Complairt Book. Th~se records hPlped mr 

lean how he com lain·s are commu ated to 

the Con rol Room , what type of c0mplain s come 
n, and how they are clas~if"ed accord"ng 

he ~ain , S rvi ces and ters S ctions . I lso 

calc la ed h w long it akes to satisfy a consum r 
complain from h se books . 

(v) Stores Records - The S or ·s Issu Vouch r s nd 

Re urn Vouc e s filled 11 y th foreman in 

charg gave lnf rm tion r~gar tng the urn er and 

type of mat rial m st comm nly use . 

(vi ) books kept at he 

ga the tim ach veh cl go s and com ~ 

in the d po I itc; urpos an number of h 

S ores Issu r R urn V uch r carri d, h 

veh le is arry ng any rna rial. Thes r ords 

k e . good check on : 

h V hie w rk 1 i ck s far 

t h imings ar' cone #rned; 

- th S or s Is Ut Vouc e r num r5, and 

he 1 e and ype of m erial iss d . 

5,6 . 2 T e Specially Designed Forms 

Some forms were s ecially d·signed o 
col ect the n c 55 ry inf rmation requ·red~or 

he s u y . Thes fo ms w re ma e as s·mpl as 

possi le ( e appendice~ C,D,E & F) : 
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( 1) aterial 

stores at 

- This f tm was compl ·t d y 

.ssuing he rna erial. r~ g ve -

- the da e; 

- th nam of h for m n coming to 

collect the m· r'al; 

~he time he m erial was collec d; 

and 

- th num tr of th~ Stor s Issue Vouchrr . 

(ii) This was aneth( form des·gn 

(iii) 

basis . 

as : 

by the stores staff on a dally 

t was used to rovid information uch 

he vehicle numb r; 

he tim 

fuel ; 

he v h i c l came in o g t 

- .h am 11 t of pe rol dies 1 o r o 1 

issu d ; an 

h . ~p~edom L r reading~ ha time . 

From h · s I calcul· t;ed h o · 1 amount of 

pe rol , oi 1 or d 1 y ach v h cle 1d 

by all v hicles, and Lh rat o consump ion. 

Vehicl 

0 

div• r e 

Room and 

sh w d : 

R -Direction Form - This sp c ·ally 

was fill in y the Control Room 

in Oll how m ny t i mt.s a v hicle was 

fl m i rigin 1 r·o by h Con ol 

1n what yp f si u ions . Th o rm 

- t he dat· ad v hie e num r; 

he im when he vehicl was contac ed 

bv ra o; 

h r sent place of work and type of 

'ork ; and 

he plare and ypP of job, he vehicle 

and m n are b ing sent o . 
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From t fo m on c ul 

s of h v· r1 ous 

r n_ h 

of job . 

- Ev ry f r m n i s s ( 

h j bs h y do p r day, 

d for h·s r or k 

h s n s rn d v r s ul I 

d a f rm f r h_ f llowing 

bu 

forma on : 

h da 

h f man ' s nam ard s c ion · 

he lo a on an ty of jo~ ; 

h numb r of men wo rking on each job 

r sit : 
- whe her h~ job was compl d or o be 

con in and , if not comple ed , why? 

Fr om hi. info rmat:i n giv n in h fo 

h f o ll ow11 ·nr maio c uld x acted : 

o al ar a ar d jobs or t:o eman 

jobd com 1 ed b numb r of' 

r· day : 

- wh h I' an ar i z' r w lk.; on m( r h·n 

n j h a day r d 

- w '\ t yp (f ,)OUS . r d 11 

day and \ hich n s •ak ore than 

a day 0 f'n 

h l co d. and forms us d 

f'01 a co lee n, o ... he jmpor n .... fac s 

an figure on t spo 

h co I of rol, oi 1 an d' s 1 per 

l r ~ h im . 
h aily a t an recor o f t h 

1 bour s and al' izans · 
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h mon hly wag of a labou l an 

an art· zar · 

he orr· al wo rk·ng hours · 

he OV 1 time wag ra . ' 
h 0 al numb r of v hicle 

0 rat-ing at h: t·m f da 

coll etlan and hP-ir 'Ill OCC1 on 

accordln to 5 c and 

h im ngs at. whi,.. he rna r al 

fu 1 w r . issu d . 

During th!~ ... ecor1d da a collection 

xer ise v ry n was v.ry coop·ratlv ~nd 

h 1 ful . All h forms were comple ed fully 

and accura <.:; ly. 

rei Due 

I continuously monitor d t h 

v ryon~ ' s tmbined ffor 

his da · col! c ion ex cis prov d o e 

c cs. ful. I w s abl o collect all he 

anc 

n c sary data w 

r fere e ri o 

hou ny major problem . Th 

this time was thre days long. 

5.7 POST DAT COLLECTIO~ 

gh · n:form was g her d from a 1 he 

r co s , nd forms c ud i d. o fully descrl b • th~ 

following : 

he daily ou i ne operat · ons et•form d 

at h d po 

he aily 1 u ne of h lab ur~rs; 

- how h vehicl s w e us d; 

he use of ht S vr b and how th 

rna eri 1 was wi hd awn; 
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- the role of the Control Room; and 

- how consumer complaints come in and 

are dealt with tor completion. 

A number of charts, maps and tables were drawn 

from the information gathered to point out the 

inefficiencies in a number of different areas of the 

system . 

Once the data was collected, I fully analysed 

it by hand calculation using averages wnerever 

necessary . On the basis of the analysis and th 

inefficiencies stated through he analysis I gave 

a number of recommendations for improving the system. 

The financial benefit of each recommendation was 

calculated and specified. 
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CHA TER 6 

ALYSIS A D INT RPRETATION 01· THE DATA 

All he data colle d. for h study s 

divid din o h ee ar as and is analys• d acco dlng 

o th s' r ca 

he mov m nt and use of ranspo 

he assignment workload an 

u ilizat on of labour · and 

he issu 

stppli es . 

ranspo t and use of 

6 .1 TRANSPORT 

Th e Op ra tions and ai tenan e Sec ion has 

many vehic l o f va i ou s YP s and ca aci i s . 

Ther are d i s l v hicles, p r ol v hicles .rucks 

lozr s , car., pick s ' m rcycles c . 

All hese v hicl s arL usually alloca d 

on a rerman n basis. Her 

wi h t he v h'cles all cate 

we ar o ly conce r ned 

o th hr e S c ions 

M ins , Servic s and Meters . At the ime of the 

s u y his llocation was as shown in Tabl 

Tabl 5 

n 

Fr m t he Meter S ion only wo v hicle~ 

I P 20 and I 318 w r e aken · nto consid ra ion 

fo hes ·re h e only two v hicl s which are use 

for r pa · r jobs in his s c ion . Th o h r four 
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ve ~Ies are used f r m r discon ec ion 

r onnec i n and n w ~on ections tc . · nd 

nonl; of hese ac iv' t · s W• re tal< ·n in o 

ace unt n his udy . 

Fuel :s ·ssued ~o 1 th depar m n 

veh'cles fr m the depot . The issue timings are 

as follow"' : 

; nday to Friday - from .30 a.m . o 

10.30 a.m . and f om 

3 . 00 p.m. t 3.1l5 1 • m. 
Sa urday - from .oo a . to 

11.00 . m. 

Sun ay - clos 

Dur· ng h · r efe r en peri d h_ al 

amount of petrol, diesel and oil cons m and 

i cost was as shown in Tabl 6 . 

Tabl 6 

Con sump 

Av age Daily Cos 
Con sump on 
in litr s a 

Stu 
ear 

PETROL 300 3. 06 259,04/l 

DIESEL 8<-1 2 . "4 53 477 

OIL 2 5 . 35 3,33A 

TO' A ~ 315 8 1) . 00 

This total annual cos of fuel of 

in 

2 

hs . 315,859 . 00 was o y a f ac ion of he o al 

co of ranspor at·on . This c s f gu e does 

ro include the cos of epairs, wear and tear 
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and deprec iatio , which 

a substan ial moun . 

rav 11 

s'd r d o b 

r d y by h of' 

th vehicl s und study w- ~ as shown n Table 7. 

T bl 7 

Travell d 

Sec ion v hicle No . 1St Day 2nd Day 3rd ay Total 
NP Krns Krns Krns Kms 

MAI s 311 214 223 231 668 

325 132 122 193 1147 

296 135 138 155 428 

294 176 173 142 49 

256 74 138 0 212 

SERVICES 326 63 198 222 483 

312 111 146 149 406 

309 206 175 175 536 

293 100 114 114 403 

METERS 204 107 88 19 292 

318 130 190 131 451 

TOTAL 11 4817 

Ther fore Che aver ge dlst n e trav 11 d 

by a vehicle er day is 

he 

year 

4817 
33 

= 150 . 53 Y.ms per day 

Assuming vehicl runs for 312 da s 

otal di a c rav 11 d by ach v hicle 

i5 approxirn ely 7,000 K s on average. 

Y ·a 

er 

Th 

lif of hes v h'cles ca herefore be no more 

than th ree o r four years . 

Av rage 
Kms/Day 

223 

1 9 

143 

1 4 

106 

l 1 

135 

179 

134 

97 

150 
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e r iod , 

h • det 

7 

Taking h 

15th A gus 

1 l r ou 

secon ay of h ref rene 

1979 , as a re~ r nee y 

co by a } vehicl w s 

found ~r m he Vehicle Work Tick s . Thes 

de ails of he r ute tak n y each vehicl · nd r 

considera ion ( 1 vehicl ) was hen plo~ d on 

a map starting r om th pot and nding at the 

depo . To avoid vcr-~ 'wding he vehicles 1er 

divided in o wo s ts (on f 6 and he oth o~ 

5 vehicl s) and h d separately on two 

maps . Th0se rna s are s wn ·n f gur s 12 and 13 . 

F om h e map · th n · ncies could 

notewor hy be !';C n l•arl y . lffi he mo 

f th· s w r as follows : 

( · ) V hi cles arf· not e r· c ed to 

a r as but r av 1 0 all corn r~ 0~ 

h Ci;.y . r· o1 exampl 
' 

p 29~ on 

15 t.h Augus t 1 79 w n to Kib ra 

Runda , City n ·re , Mathare and 

K r iobangi . n h am day , 
( 318 vi I ( d E stl·u d • Ci j 

c n r , u hi ru , s u.h •c •, Mathare 

Vall•y , Kar i< · n · So th , B r u l ' 

a s land 

( ii ) Two V"hicl s ,,f'tf n covered more or 

1 s he sam< ro . g . NP 256 an 1 

3 . 

( i i i ) 1 NP 20 was on one s C· at 

g Es1:at fr m . 2 a.m . 0 2.00 

. m. Thes·~ m n could hate n 

ropp d h '~ and IIP 201\ co ld then 

h v been US ~ ~or further r pair 
0 s . 
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Many v h'cl w r n h am . r 

w hin an ur . g. f'oll w'ng c 
r pr C1 y n r b w 2.00 

noon r nd 1.00 . m. 

P 2 6 , 31 an 318 h r at 12.00 noon 

and NP 25 a d 293 City C r 

12 . 40 p . m. Similarly ther w·r th 

v hicles calling wi hin an hour a llrnoja: 

r P 31 was here at 2 . 00 p . m., P 326 a 

2 . 20 p . m. and NP 32 3 .00 p . m. 

(v} Veh'cl s ft n com fr m v ry far o collec 

m n who could hav n pick up by no her 
v hlclc n• rby. For xample, NP 311 w nt o 

Lor o f om Ea 1 nd to pick u John and 

(vi) 

Vl.) 

(viii) 

G umbi 

Lor sh 

All v hicl 

aft 3 . 00 

thes ve 

Road , Ou 

Most of h 

tim in th 

var· o s p 

po 
' 

0 

0 15th A 

t of 1 

311 , 326, 

'I'hr c of 

326 - w r 

" . 20 . m. althou h r r 2 6 "s a 

2 . 15 p.m . 

trav ll d almost he sa rout 

.m. 0 d 01 m af er work. i.e . 

cl s callc d a Kari bang· , Juja 

Ring Roa . and C y Centr 

v hicl s came a ~ro n he am 

morning · nd af ernoon £ om 

r s of i ty 0 Kampala oad 

coll"ct rna ria . 

gus 1 7 h re w r ten v hicle 

v n do'ng ver m UP 256, 2 

318 , ~ 3, 3'_5 ' 204 . 312 and 2 

hese v ~hi l<·S - liP 2 3 ' 318 and 

a Ea tlands be w n r, , 3 .m . 

and 7 . 5 p . m. 

(ix) Ou of l v n vehicl s sev n call d at 

Kar'oba gi, nine cal~ a c· y Cen r and 
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f've called at Eastlands , Ma hare and 

Umoja during hat one d y. 

(x) The distance be ~een wo si es supervi ·ed 

by he same vehicles was of en very large , 

e .g . he case of P 311 one site was a 

Loresho and another at moja . The dis anc 

between these wo sit s s 14 Kms. Also i n 

~he case o NP 294 , 318 and 204 h 

distan e be we n he two furthest si es 

being supe rvi sed was abou 14 Kms, ha is, 

Kibera and Kami i U hiru ad Dandora, rgc· 

Estate and Dandora, r sp ctively . 

From the inefficiences rPvcaled by the drawing 

of the map - one inevitable con lud s that curr n y 

there is no adequate sys em for scheduling and rou ing 

the vehicles . All the vehicles ravel indepen en ly 

to all four corn rs of he ci y, dropping, sup vising 

and picking up m n. Through Lhi ineffici nt sys em 

hey are ~as ing o h ime and mon y . 

Fr om the daily records i W'S seen ha apa t 

from coming to th d pot in he ginning and nd of 

he da on av rag each v hicl vi .;1 ted th d 0 

app oximately twi c• er day. Ou 0 hese wo 1m s 

each vehicle c m back 0 h d 0 o coll c t 

material a proxima ly once a d y . These ,. si w r 

very unn cessary in mos cas s . Th fac ha ey 

wer m d reveal ~d thP following inadequacies: 

-an jnefficient communica ion syst m; 

-an ineffic·ent eys em of mate ial sup ly · 

- no detailed asses. men of th natu1e of 

h complaint. 

As far as he redirec ion of vehicles in the 

field s cone rn d 

recti c s only o 

he Control oom on avcrag 

vehic e per day via radio from 1~s 

pre-assigned place o work . 



6.2 

8·1 

ABOUR 

UME" us a s abou he use of 1· ur 
were ex r cted f om h data. ·rh r~ ter S c 1 

is no aken in 0 account her because of lack of 

info madon a d d i f'f renee in rganiza ion. 

The att ndance according o he daily 

work allo a ion s h e and the roll-call r , gist r, 

over he three day eriod was as shown in T 1 8 . 

Tabl 8 

Section 1st Day 2nd Day 3rd Day 

Art1zan Labour Artizan Labour Artizan Labour 

ains 16 49 16 49 16 51. 

Servic s 17 49 18 49 18 49 

6 . 2 . 2 Labour 

Th are o ficially requir to be 

on du y from 8.00 a . m. to 4 . 00 p . m. nd with 

hat piece of information og h r wi h h da ' 

ex r c ed from he Vehicl Wo k Ticke nd he 

Da'ly ork Alloca ion Form , i was oss'bl o 

com ile the f 11 wing abl 

ploymen . 

o . o 1 lab JU r 

From the table of la our deploym n he 

follow·ng fac s were ex racted: 

- The to al non-productive hou s n the 

th ree days = 128 hours 

Av rage daily on- roduc ive hou s 

= 1289 = 429 . 66 = 430 hours 
-3-



I 
.,. d 1 

. 

LABOUR DEPLOYMENT -
u u~t 14th - 16th 1979 .. _...._._.._ 

1 2 3 4 5 6 7 8 9 10 11 12 
!:hicle Date Departure lAver ge 1\verage Number an hours Average Travelling tl.r.1- an ho·:; ... "V l 
't!! • er ( ~.u ust time from arrival Time of men spent Den art- tile frco ber- ~mcnt !· ~n ho · 

197Y) the depot time at spent in the before ,ure plilCe cf of tr<:!VClli 1 · 1 "".· ·;; -• 
p:!.!>ce before vehicle arrival ti::e './Ol •!: t1e: froJ.C 1a"'c:· j '~-- · ·· · • - ... • ·-- .J of reaching at plJ.ce fr r.1 ( . ) . ~ n of · o:-.· 
·.-:or: place of of :ork place mi U'"' t (! fc.::~l~n .1 

n> ( • l• ) ;orlc of ·1ork col ~ .. '1 8) veL- 1-- ~(; .. J (column (p.m) J !.cl~ 4 minus 
8 C'."1 
Hrs. Vi1 s. ) .. J 1·::.ns. r:rw 

14 9.15 10.05 2 5 16 33 1/3 2.30 1 I 30 8 ., ... I 1 / ;' 1£. J ... _. ... ' .it ...... .::> 15 9.00 10.10 2 10 12 26 2.55 5 8 2/3 '% 2;'3 ..., 
311 16 s . -5 0.55 55 18 16i 2.30 1 I 30 13 27 I 43:: 

14 9.00 9.30 1 30 33 49z 2. 5 1 10 25 29 ~I ~ ~ ;-
I • c:. ,:; 

..... 5 15 9.00 10.15 2 15 29 65-:· 3.00 A 29 29 . 
'~ I 9 'J 

16 9.00 10.30 2 30 37 92~ 2. -1. 7"' 5 1 I 15 25 ' ... 1 
I 
l 

__ _. 

15 8 . 50 14.15 6 15 4 ')t:; I 2. 
0 1 I 30 I, 6 31 ._.,; 

~?9::: • 
1 8. r. "'I ::I 5 1 45 8 14 i 1"T ..,. 

·I i I -



. 
~· ·-· 

r·~ain_:> Con ••••• • --- ·· 
·-

,... 
3 4 5 6 7 8 9 10 1 , 

t:. 

294 15 9 . 00 9.30 1 30 8 12 I ~2 
16 8. 50 8 .55 55 8 7 1/3 2.50 1 10 8 9 1/3 t.: 2/:; 

-
25' 14 9. 30 13 . 0 5 16 80 2.40 1 20 12 ~6 5 

15 9. 5 9.20 1 20 16 21 /3 2.45 1 15 12 - ,. .. 
') ..,'J I ;,) -

- 14 9. 25 9. -o 50 15 2'"'~ ( . .!. 2.40 1 -.o 7 9 1/3 ;,) 5/ 
.. (''"' ...,, "15 9 . 15 9.50 1 50 20 36 2/3 2.20 1 40 8 13 I/.~ 50 

-.:>~.:> 16 . 50 9 . 55 1 55 1 ·~ 34 .. 2. 20 1 40 18 30 
, 1 

... 

14 . 35 1'-" . 2() 2 20 ,., 5 1/J 3. 0 1 28 '8 9 /:) 
2 15 9.10 11 . 20 3 20 t4 4' 2/3 3.15 b5 1L 10 .. 57 I 

16 9 . 05 110.15 2 15 1 .. 24. 2."' 50 2 
.. ,,.. 

/"'t!. , 

'14 9.2~ . 1.10 3 0 - 7 5/ 2. 45 1 15 2::> 
~ 

0 -;'? .... 
·og 15 9.5 '11 . 45 3 45 18 6 .... ~ 

f .. 3.00 1 
,... 

7 r4: ( 

; ~ 

J 9 . 10 10 . 55 1 55 , 2 45 2.1 5 1 45 ... .., 
~ 21 6t 

5 9. i5 tO. 2 11 2. • 1 r. 45 :1 
. .. 

I "'" 3 6 9" .30 .4 1 40 10 16 /;; 2.?:0 1 iO t5 ?/3 .) :J 

To.: 1 97 903 . /6 3 5 '1 
, 

i J - - -



7 

(ii) Equ·valen numb r of or -pr uctive n 

= 430 = 5 non- r du iv man- ys r 
8 work·ng d y. 

(iii) Total ave rag abour fore = 115 

th r fore 47% (54 X 100 = 47%) :f h 
(115 ) 

1 bour fore s norm lly n n- rod c 1 v ~ . 

6.2.3 

On ave rag on art i zan works wi h hr 

labourer . Ther fore out: of .he 54 non roduc v 

man-days per day one w ul X 13(25% or 5 ) 

those to be due 0 arti.zan and 41(75% ) d 

to labourers . Th cos of .his non-pro 

labour for e is: 

Ave rag m n hly p r iz n - K . hs. 8 4.50 

.a hour r- K. s. 

Mon hly y for n m produc v rn n : 

Artizan: 8 4.~ x 13 = 11, 28 . 50 

Lab ur r: 503.8 x 1 = 

Annual n n-product ve l·~our ost i ~~~b~~~§Z!~~-~~2 

6 • 2. 4 Summ ry 

The following u 1 i z· ion 

of an average day was con· ru ed frrm h d l d 

able on la our d ploym n (s e. ct·on 6.2.2 abov ). 

The abl shows ha he o k rs are 

actually wor in, :for only 4 hours and 15 min ou 

of an official day of 8 hour. . Thus 47% of r 

ti is non-produ t·ve, a> th d pot a 

trav lling to and fr m h i la of wor . 
N t ng that w were no 1 o collect da 0 

t ansfer im from one j b o another and idl 

ime While wa· ng for rna rial • non-produ v 



[SECTION 

lliAI s 

iSERVICES 

~WE RAGE 

:'otal 
Hours 

Hrs . 

8 

8 

8 

88 

abl 10 

n Averag Day 

Av rage Time -A-veragt Av rag Time Av,_ r age r rav T 
Sp n in Tr avel on Job Tim From Job 
D 0 in t h e T'me 
Mo rn ing ,Job 

Hrs . Min . llrs . Min Hrs . Min Hr.; . 

1 00 1 21 4 22 1 

1 14 1 13 4 08 1 

1 07 1 17 4 15 1 

timP is in f highe than he 3 hours and 

45 minutes shown on he able . 

From the Daily W 

Allocation i is calcula 

the umber of man hours 

k Record an 

on " age 
aken per job b 

D· ily 

ha 

a 

!.fin . 

7 

25 

21 

ar i zan plus his labour er day ~ r 

in Tabl e 11. 

s shown 

Ta le 1-

~1an Hours P r Job 

Average r o . Av rag· No . Av~rag IJo . 
To 1 of Ia 

ct · of Jobs of Men on 
n done pPr Job 11 ak n 
Ar~izan Ar t·zan Labo 1 

I-1 in ..... 0 . 625 1 3 4 I 

Se es 1.0 1 3 4 

6 . . 5 Ove r 

Amoun · of ov l ime wo kr d da · ly and 

on av r ag is shown by hese ablcs 12 and 1 
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T bl 12 

(On a Daily B s) 

Tabl 13 

Over ime (On an Avera Oasis) 

Artizan Labou 
Section /verage O. T . p r day Av rage O.T . per 

day 

MAINS 12 . 25 Hours 27 . 5 

SERVICES 15 . 25 Hours 38 . 5 

TOTAL 27 . 5 66.0 

The averag annual en· 

compu e as follow 

f over im c n b 

Ov r · e p y rat s : c\r i z 

L bour 

Av r ge ove1 ime hours p r 

Ar izan 

Lab r 

n 

-
-

- Shs. :> . 61 

- Shs . 3 . 15 

ay : 

27 . 5 hours 

66 holr 

as urn ng ha 

hen : 

her a 26 wo king da s 

pe 

p 

Av 1age 
To a 
Overtime 

39.75 

53 .75 

93 . 5 

hour 

r hour 

r h , 

Artizan ov rtime hours p r mon h = 27 . 5x?(i 

Lab u rs ver im o s per m 

7 5 h urs 

= 6 X 2 = 
1, 716 r urs 
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OS of o e r ime : 

Ar lzan - 715 X 5 . 61 = Sh . 0 .15 

Labo r 1 , 716 X 3 . 15 - Shs . 

Total O. T . pay p r mon 1 Shs . 

Total annual cos of ovett·m = Sh s . 11 2 <1 8 . 0 ========,!;====== 

6 . 2 . 6 Time Taken r Complain 

On doing an analy ·s of 

over wo week s hat is from h 

he complain s 

4 h of Au us 

to the 1 7 h August , from th 

Book of he Con rol Room , i 

D i1 y Com 1 I n t 

was found a 

to al mbe r of compla:ncs that crun n durin 

t ha r iod wer 298 of whi he numb r of 

complain deal wl h w r 111 Th· i • • 49% 

of he compla · n were d al with wi n •hat 

per 'od . 

The r s ons .i me• en · ve ag ro .ach 

s c ion Ls: 

•ain 1. 29 y. 

s r vic - 3 . 50 d ys 

He e r s . 3 day 

h 

On av ruge th tak n .,atisfy ~ 

cons me r is a p1 ximately 3 . t days . 

Th · s :f igur ha~ n cr ss-e ~.ck I y 

analysing h num _r of c mp1 'nts d 1 ith 

in a mon h and ·he davs o a on hem . 

Thi. analysic as done fo Lh pe rom 

20th o 20th Au st 197 • Th ot.al 

co laints s t fied wit 'n his wer 

2 8 and the num er of d y 

th se ompla in . :ere 761. 

ak n t;o satisfy a comp ~ ir 

ak n o at sfy 

So th av ra m 

was · ga n '3 . 1 d· y 



o- a ·•as d f m h s or s u 

Voucher and h sp al f rm d in c io 

5 . 6 . 2 ( . i i ) • 0 show the t;yl and amou 1 0 

rna erial us ac 1 ay. This d iled ccoun 

an n from .. h A end'x 

6 . 4 SUM RY 

quant l 

Th overall summar y f all he im o nt 

·ve fa s analyzr from he atu 'r: 

( i) Annual cos f fu 1 = Shs . 3 

(ii) Averag annual is anc 

vehi 1 = 47 , 000 Km . 

1 

(iii) Br kdown of h u · ilization of an 

igh ho 

Av<::rag 

workiT g d 'I; 

im 

he mornit ho 

- Av rage r· ' ·1 irn · 

nd 17 min. 

Av rage tim1 s nt 

4 hrs . at tj min. 

iv rag ime 

1 hr . 21 min . 

h d 0 

ar 07 m 

j b = 1 

on j = 

from . ob = 

per 

n. 

h 

( v) Av rag aily 

30 hours . 

n-pr due i v · urs = 

(v) Ave ag labo 1 for e o rmally n 

o uctive = ·17% 

(vi) Ann 1 non-pr d c ve labouJ co. = 
Shs . 387, 36 . 00 

n 

Ul 

( v · 1) Numl r of man-l o Jrs o com} 1 a j . -

ains b 51 ho rs/.J 

A Service J - 32 h ur /.JOb 

viii) Av age total ov tim wok d daily = 
3 . 5 hours . 

(ix) To al annual c 

= 112 J 9 . 00 

of over im 

(x) Average time k n o sa isfy a co sum r 
com laint = 3 . 1 days . 
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CHAPTER 7 

RECO •iENDATION FOR P OVEME T W 'lT GEST-0! S OR 

FU Tl!ER RESEA CH 

7 . 1 RECO 

ch p er m k numbe f 

sugg s ions for ·mpro·ing hP .rr·c·e c of 

Op r a ions an 'a ! n enance on o th Kamp 

oad Depot . he r e on h 

analy is giv n n he prec cha ers. 

7 .1. 

0 t. 

ra tions d •taintenanc · . v d 

n o ains, s rv·c~s an s 0 

ri s abou confusion an r 

xampl 

(.;.) Som mes di f.ficul 

0 a e·s t and d c d 

w her i h b al y 

Mains or h 

s hi. l 1rn 

< r r sion t1e w •fl th w 

~nct lay . 

(i i) A im s .,.. a c mp ir 

Ccn om r ns s on 

'nd h o h•·r un r t . 
, 

r l : his comr s 

th si a i n. 

(i. i) A ara~.. n n Serv c s 

ad 0 wa ag • f 

h r e is a Ma ns job an 1 vic 

j b 0 e a n d 0 si n x 

e ch 0 m m will 

s 
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d al wi h bo h he jo s . ns d 

th s vic s m n w 11 d al I h h 

Se r v ic s jo only and he r'la ins m n 

w h he Mai s comp1 a· Th r~for 

th r will be WO of m_ • 

v hicles , a d two sup visors or 

foremen i r. h sam ar a . 

I ca b s~en fr m h• s udy tha h 

l• 1 ns and S r · · c s j s · r fund m n ~al y 

smeatdarevryin rlinkcJ . is hr 

roposed t.hat h 

h uld be me r g d 

, ins S c ti ns 

og her o form one larg 

wo 

section dealing with all types of repair works . 

The repair jobs done by h er Secti n should 

1 o be handl d by ~his on s c ion. This w 

sec ion will her fore hav comple re on 

bill .. y for al repair work n h c y . 

Howev r , apart fr m t; • pair jobs h 

res of th 1 t r Sec ion ho ld remain s ra · 

deal w· th e new c nt 1 o s, di cor r c i o s 

and reconn c tons of m 

7 .. 2 Su division of Y. 

p opos d ~h h w 

Ci y should be subdiv de nto small 0 1 

areas . This d a of sub vid1ng the ci y in o 

sm. 11 areas ar s from h find· gs of th s udy, 

which revealed that at p _sen v h' 1 s often 

trav 1 all ov r he ci y unn c ssar ly . This 

:r sul s h edle s w of 1 bo :r lour ' 
v hicl hou s a d p r 1. 

h n dividing th i y n o small ar s 

a umber of fac ors sho 1 taken in 0 

co sider on : 



7 . 1 . _, 

( i ) he bo n ri 0 ach a e sho 

be fl xible f' m y o day be 

workload in each ar a will lu 

( 1 tJ ( 1 v 1 <I ('(f 

. s of w 1 kl rd ·rea . 

(iii) Th~ n1mb r of cr a~ should o 

ond o ~h num er of vehic cs 

a ilable a h time . 

A 1 ast one v hj 1 an ne for 

should be assigned o ach r a on a 

1a 

J( 

n 

ba ·s . Eac am (on v ·t icl , ne 'for man, h's 

1 bour force at artizan ) should deal wi h al 

he dai y and emergency com la n s in i s ar a . 

Th i will help 

·ime xten 

1 r duce the Lrav lling 

~1n wi 11 mprov hr 

tp rvision of o?"h j' b . Also h Con r 1 Hoom , 

knowing the wh r abou ach vehic rill 

easily be able to conta he righ v hicl nd 

m n in cas of an emerg ncy in a n 'Jr y re . 

Fur hermore a great d 1 o confus·on will b 

elimina d b cause ev yon will kn1w wh rc o 

go eve yd y . as ly h su division of h ci 

will hlp ·n allocation of he jo s according o 

arPas, an his in urn w'll incr a h ov rall 

\1 u . 

e supp i vehicle sho ld be 

alloca o th Stor s . This v hi~l should 

e admi ni s r 

dr·ver . 

by a s a en an nd a 

The sup l'es v h' le will be rully 

equi p h all h ft qu n ly 1sed rna r'al 
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and he mat r ·al s cially t u·red by ach 

fo eman v· a ~. radio . 

Wi h th s supplies v hicle op r i r g 

h fo r emen will have mor time to u rvis 

jo ~ - For inst ad of al h 

fo r em n go ck o the de o 

ehicl s and 

o coll c 

rna e · al no w only one vehicl will be oin the 

j h ' ch will r esul t in fficiency and ~aving . 

7 . 1 . 4 S o r e Timing s 

The imes when he s ores can 1 sue 

mar. r ial and p tlol shoul b changed to sui 

th requirem nts o-f" field op ra io s . 

Curr ntly h rna e r 'als ar ·ssued from 10 . 00 

a . m. to 12 . 30 p · " . a n d h l from 2 . 00 . m. to 

3 . 30 • m. • and fuel is i flU from 9.30 a . m. 

10 . 30 a.m. and h n f om 3.00 p . m. o 

3 . 5 . m. 'he tim'ng a 1 on of h major 

auses of n n-produc ve h u s . 

Th s or shou l open thr ughou 

r icial wo r king hours 1. from 8.00 a . m. 0 

4 . 30 p . r.l . 0 tha the fo r m n can is u he 

m"t r ·al r u red efore h lea e d po 

or wo r k and wh n ver h y want la e · n. 
p r ol shou 1 d b issu d :from 8 . 00 a . m. 0 

he 

c . 00 a . m. d th n from 2.00 p . m. 0 6.00 p . m. 

o ha mo 

o he d p 

r eviou 

h mornin 

v hicles do n 

~>arly from w 

day 1 shol 1 

nd 1 av h· 

ld 

hav to come back 

rk 0 fill fo r 

fill up e rly in 

depo on 1.m 

o the 

d mand'ng t'sk of withdrawing rna ri 1 du r ing 



the day so ha h y can cone n ra o th ir 
ma·n u y of u rv sion. 

os of he ma .. a quired for ha 
day sh uld be issued and aken wi h forem n 
in he morn ng , when he 1 

n c s of any fU ther r 

should adio in o the Con 

th d po . But 

h foreman 

ol Room and 11 

he atte .dan c y wha h requir s . A 
special team of men under h control of bo h 

he seni~r man in he Control Room and Stores 

should b reat d for drawing and loa · g the 

ma rial on the vehicle for d li ery. 

he recommen a ons I mad o be 

s ccessful on a long et basis i is nece sary 

o m intain a oo c 'ntrol over al 

ac ivlt"es going on . Th Con·rol O>m iss· 

u for this purpo.P . 

I sugg s ha 1 r sen Con rol 

.1 .u'ger oom to noo 1 should b mov d to 
a comoda e the following recommend d ·hange . 

and add· ions. 

( i ) A s ior erson , who 1 con 1ersan 

w repair we r k::; sh uld be on u y 

n h Control Roo d r ct i ng 

repair for h whol c y. H 

houl rec ivt th calls (comp a·nt 

analysn the n" ure of ach call y 

a ki g vario . elat d q 1estions, 

classify hem and h_n alloca e 

~he work accord ng o eas . H 
should th n rect h foremen 

h outsta d" 

h i r ri 11 

·obs according o 

an inform hem of 

) ' 
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t e ma erial that will r oba 1' b 

r uired or acn job. 

('i) The senior p rson i he Con ol oo. 

.h uld h ve assistan. o hlp him run he 

Con r ol o m ef ic·en ly and to main a·n 

up- o - da ecords. 

( 'ii) Wa 1 chars, preferably one for each area 

should b ma1ntained in he Con rol Room, 

( i v) 

on which he work going on in e ch area 

the work pending in ach area and the 

location of he vehicl s nd foremen can 

be isplayed visually. These various 

activi ies co ld b shown o the charts 

by differ n ly colour pins r magne s . 

A se arat map of the whol c y ""hould 

di splay he wherea s of .. h supplies 

v hicle a d the water tank rs. 

(v) The senlor man in th Control Room s houl 

( 1) 

also ~ res onsibl or deciding over ime 

d ~a·ls e . g. which j bs requir ove r t·m· 

h'ch v h cle(s) should be n over lme, 

who is to do ove r tim · nnd fo 0\1 long. 

If a for m n n h_ field quir s any 

additi al n:ete 1 he should rad o in o 

he Co trol Room b for a c a n fixed 

i me i I he morn·n nd in h f 1noon, 

s ecify· g his m n s. Th Control 

Room sta f will rep are a s ores S UP 

vouch r and a ange or h s material t 

be su d from the s ores an loaded on o 

the p lies v h · cl for deli ve ry . 
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7 . 1 . 7 L&.bo r 

Apart fro the variou chang s h 

wil com abou i the labou s• 1 rou 1 e 

as a sul of the abov r com~ ndations 

recomm nd the following ch ng s directly 

rela _d o ma.po~ t. 

(i) At pr sent th n a e pick d up 

t he morning from the' preas of 

res dence and brought to he depot, 

·h r ~he fot man take at endance. 

llo ates work c. Then la er 

thy are taken o he s·t s. 

recommend ha the men should b 

p'cke up a the • ..,arne m as :hpy 

are at pres n ins ad 0 

br . ging hem to he de o th y 

rr a ken str ight to h i r places 

o'f ork . This should s ve a lot 

of man hours and unn ce sa y 

r velling. 

(ii) Th foreman should tak· nda C• 

on he sit and any a esm 

should be r ort d to h Con l'Ol 

oom over th r, io, h t they 

an ccount t'ot it and n c sa y 

c ion can b ak n. 

( i i ) n he vening after ork the e 

should br-> p eked p at a o nd 3.4o 

p.m. an ak n rai h home, 

n a of port in 0 he d pot 

fi st. 

{iv) eco omiz on tlansport, 

di ff en n adj c n 
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areas sho ld be r nspo ted hom i 

one v hie le and other v hicl s shoul 

th n 0 r gh 0 h depo • 1nst a 

of all h ve s going all •er 

h· c y to dro m n home. 

All h r ommendations ven abov in 

o way or ano her are geared owards schedul 1 ng 

and con~rolling of the veh"cl s, labour force 

nd aterial . The ac ivi ies of men and m ter·al 

are so interl·n ed and ep en on he v hicl s 

ha they 

. icle 

v o b schedul d alongside th 

h ·d ling . 

The v 1 cl s a e alloca ed and h ir 

movem ts are sch uled from he beginni g o 

the ·nd of the day. 

7 . 2 EXPECTED lMPROVEMENTS 

From he a ov r co endai:ions various 

im rovem n are likely b s en . om of 

thes improv m n s are qu ntifiable and o he s 

re not . Th quan i fi b · mprovemen ts ar : 

(')Milage 
ow a l on 

ls 

Im rov he New 

As urn ions: ach v will 

ai y b picking up n men, 

n ~.hem at h 

h m 4 ~.1 _s, and 

h r . ing ho e in he 

g. Bas d o tnese 

assum tions we have cal ulate 

h ch vehicl will ravel 

on verage 75kms/d ~ or 33,400 

kms r year. Th"s s a SO% 

dec sc . 
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CONT . 

(ii) Cos rol ..;:;_.,:::;=-:;__;:....;:_..:......:::...:::..::...:::..= 

( i. i) 

of 

f e for ru in 

ese 1 veh·cles 

no i K. Shs . 

315 , 860/= per year 

Labour 

The cost of fuel of ru nine thes 

vehicl s ill deere s by h 1f , 

ha .. · s. cos of fu 1 wi 1 

approxim t 1. K. Shs . 157. 30/= 

per y ar . 

he Under th new system it is 

(. v) 

av rage number of 

p r oductive labo r 

.. r 4.15 hours per 

p r day. 

Compla·nts 

from th, 

Con rol Room 

r co. ds c. 

i a' 1 d 

ha .. the m n o 

a era a1 e at: 1 

sa · sfy 4 % 

o the 

o r a r·od o:f 

me. 

s 

(v) J b Complet·on 

Ti e 

At pre n . 1 

days o v a 

assumed th t the me w·11 on 

avera e b dropped t th 1r 

place· of work by 8 . 30 a . m. 

and picked up in th vening 

a 3 . 1 p . m. so hat 

produc iv ime hen w 11 b 

7 . 15 houzs; tha s , an 

increas of 3 . 00 hour . . This 

is a 70 . 6% ncrease in 

produ v ime. 

If unr r .. h pres . ystem 

when rod c ive 1 bour hours 

ar 4 . 1 h y sa 49% f 

h c m lain h new 

su im s of 

7. 5 

the 

.a 

i 

reductive la ours 

n dll be a 1 o 

4% of h mpl· ints 

s me period of me 

calcu ate tha w h he 

im. v m n s und r e ne • 
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CONT . 

lapse b em e.g . 7 . 15 hours prod c 

f ca 1 an comple- hours ns ad of 4.15 hours, 

on of he · o rk. This ave rag ob com 1 on im 

was cal tl from th be r due d o approx mat ly 

the Co. trol oom r ecords 1 . 8 days 

All the abov~ r ecommendations put forward have 

been a c p ed and a proved by the Chief Ass·st nt 

ill 

Engineer , ~he General Manager and 11 Section Heads. 

They all agreed , ha he implemen~ation of th se 

ecomrne dat ons would improve he effici ncy consider

ably and d cided o raw out th implementation plan. 

7 .3 SUGGESTIONS FOR 

his x nded n numb r of 

a s. 

7 . 3 . 1 S t_ or · 

n inven ory control "'tudy of h , sCores could 

be a ve ry m ortant top c fo r s arch. 'Ih sys 

ha h y follo a pr sent s aul y ld 1 ad o a 

grea d al of was~. ard ineffici ncy . The rna er 1 

is ord. in bulk and on a nd r ba~is. A 

rPs n on o e h nd hey ar al ay~ runn·ng sho r t of 

ry 

the oth 

al a im orta 

hand h re is rna 

r·a~ ems . and on 

· al in S or that has 

not be n used for y ars and may not be sed for y ars 

o com 

Th storing of the rna e ial on in such 

way ha a gr a d al o xp nsive mat rial is ju 

sto ed in the op n, where is 

col and rain, which herefore 

deter·ora ion . 

xposed to the hea 

ads to apld 
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er Section o ra es as a separa 

u i~. A de aile study o~ h er S ct on 

ul be done to ee wha i p ovemen s c ld 

b- mad he e. 

Research co ld be done o see whether 

add t'onal depo s wou d ·m ro e he ov rall 

efficiency or the ection . Such a stu y would 

recommend locations for a d ional d o s. 

7 .3. 4 0 h rs 

Apart from the n mb r of possibl research 

arPa given abov , various small stud· s can be 

done to make ·mprovemen s e . g . stu y of ~he 

r pair of vehicl s . 

The study tha we have prc~ented h r is very 

por an . E en in in ustr:al countties, consul ants 

see their work concen ra~.ing on improving th in t rncol 

eff"ci ncies of companies , a we have tri d to do her 

in "h OJ a ions an a in enance Section. With h 

rese. n reasing in teres ra e part ula at ten on 

s be g paid t i v n ory con r 1 and th t~ectuc ti on 

of rna ri 1 ,;as e in ny way. 
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SEWERAGE T 

Date: -----

JOB TO BE DOlE 

IF I 

T TYPE OF JOB 

SIIEET 



11 0 

'G' 

I . 

11-t/8 15/8 

1!' ipe 150 2lt6 

ockets 10 
o. 4 1 1 

" ipe 60 0 IB .. t·· Sto.., Cocl· t o. 20 2 115 
.. ~·· nd f· o. 12 6 31 

1_ ·' unior 
Co z,li o. 3 2 5 
1 .. X .l.,; r e 1 1 1 -.. Ferrule 1 1 

\1 t*et-er o. 168 2 
II Pipe 18 6 42 4r 

Union 6 

~ o. 2 1 

ee "1, 1 
:.osu 

.1. X .. Bush ro • 2 1 2 

i'· :.ipple r o • 3 4 3 
.;,.;, 
4r T.3end No. 2 6 12 
.. 1 ipple o. 9 3 118 

2 1 Junior 
Coupli '1' 12 4 
3'' G. I. 18 30 .. es -
3·J Flan~es 2 

3•' X 2'' Re' 'C 1 
211 C3.te 

2" .. p le 6 
2;; Bend 4 4 
2" . ... •,:::. \.,er 
?li 

. .. 
·~h 1 ~" 

H nior. 4 
3·=x 2;; .u h 



2·' 

4•' 
6:· 

Ad 
1a 

• .. 1 .. 

1 :r 

u .. 
4'' 
4'J 
1 Qll 

14 11 

1 ;) 

2~· 

G. I. !~i __ 

X 2" .ed ·cer 

Flanged 

p or 
Pi. e 
"'oc.~et 

e d 

1 ·e ·e 

Pi e 

X 311 tee 

Pipe ~ ··rench 

i e '•!rench -
i e .. r .. ch 

X It tee 
El .... o···s 

1 11 

1 o. 

o. 
r o. 

etre 
o. 

r o. 
o. 
.o. 

to. 
Jl o. 

x '' Bush No. 

Junior 

r o. 
.1. o. 

Stop Cock l!o. 

1 u rle ~r I o. 

1 1• X a 'le e No. 

t" Plug I o. 

1 ~;1 Jend No. 

1 : x 1 .: Tee No. 

1 •· stc c c { r o. 

•errule 
X 1n 

ipple 

t 

al 

r 

Boxes g;: 

:Fire ydr"' t 
Cover!; 

r o. 

1•3i8 ... 
1h/ 1 / 8 1 

31 2 

2 

2 

1.20 192 . 

6 12 l.t 
6 1 2 
6 6 
1 

1 3 3 1 

1 2 1 1 

1 5 2 1 

3 
5 2 30 
3 

5 
1 
1 2 3 
3 2 

3 
3 6 
2 4 
1 

2 . 
5 1 

1 1 
4 7 

,. 
0 

-

11 



!; 

l 6 
Pi e 0 

I Pi e 10 ... 
6'' .. 

• J • 11 .. 
3~' _ire :·yd Oll t 

ea 1 

"" e _ .. 

4'· icch~ ic 1 

2 2 
e rul 1 

:··eter Li i. 2 
\al 0 

• Co 10 .. "al··e Soc e 4 ., 0 .c • .. . 
Co ·pling 4 
1i·; !inple 5 
311 X 1 II zh 1 
1C!ll Gate ' 1 Ye 1 
12-i .e cer 1 
Alumi a S ... .t-hate 6 

:; X ~·I 7t?e 6 
:Slbo' 4 

25 
e 1 

120 
1 I 2 
3:1 ·1 c. nicol 
Joint 1 
1a .. lu '• 

t Plug 4 
3'' ~d ieee 2 
4" Sa le i ce 2 


