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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

0.01 DLVW operates and mainc.ii.ns 49 district water supply schemes and 5

institutional schemes and upon request assists in maintenance of another

69 institutional schemes. In spite of their large number and dispersal,

the plants are kept clean and in good running condition, thanks to the

sense of duty of staff in spite of their limited number at senior and

middle management levels.

0.02 There is a large variety of makes and types of equipment and plant

components are tailor-made Co meet present and future demands during a

planning horizon of about 5 years. This makes maintenance work more

difficult and the stocking of spare pares uneconomical. An attempt

should be made to rationalize procurement of equipment from a short list

of international suppliers established through prequalification

procedure. Furthermore, standard designs and sizes of plants and their

components should be adopted as much as possible.

0.03 Some plants have stand-by units thus permitting maintenance work, others

have one unit per function. Treated water storage capacity is on average

on the low side which limits the available time to carry out maintenance/

repair work without interruption or reduction of supply. The storage

capacity should be built-up, over say 5 years, to about 24 hours supply.

0.04 There a.re no complete records of plant equipment or up-to-date maps of

main and distribution pipelines and valves. A start was made under the

Japanese Data Book Project. This work should be continued and complete

records of all equipment, as proposed in this report, and an updating of

maps of distribution systems carried out at an early date.

0.05 Apart fron very minor tasks carried out by plant operators, "breakdown

maintenance" is centralized at the Regional Offices. Pipelines and water
meters, although representing on average about 70% of investments, are
given low priority. Repairs ^re carried out when leakages manifest
themselves above ground leve 1; water meters when broken or blocked are
repaired on site without calibration. This could cause considerable loss
of revenue.

0.06 Preventive maintenance entails the regular periodic inspection o i: all

components and carrying out measures to prevent or minimize breakdowns.

It should help achieve uninterrupted operation, determine the type and

quantity of water in 1s and spare parts to be stocked for repairs and

distribute work load more advantageous 1y. Although its introduction

entails Lh.j i ii i L i . i 1 ,!eploy;.;e:;t of :\::;o;: :"a';; - : :-. facilities .vv.!

personnel - in the Ion;; term u could prove more economical in avoiding

premature failure of machinery and their costly replacement and the

continuity of supply ot por.able water anil related health benefit.-;.

0.0/ The writer visited all the 16 district u-ater supply schemes ami the 5
institutional schemes o\ the Cental Re;1, ion ami made an inventory o! all
plant structures and equipment. Knc on raged by the wi 1 1 i n;',ne s s ol plant
operators to accept wore responsibility and their dedication, an
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approach towards decentralization has been adopted in designing the
preventive maintenance programme. More maintenance tasks are to be
carried out at the local level .ind at sub-regional level. Regional
Offices will undertake major overhauls of machinery at 2 or 3 years
intervals, the overall supervision of the programme as well as the
stocking of sufficient quantities of materials and spare parts.

0.08 A total of 9 sub-regional maintenance centres are to be created or

strengthened (their names and areas of responsibility are given in art
3.04). Tasks to be performed and their frequency, the level of
responsibility - local, sub-regional and regional - and the composition
of mobile maintenance crews are proposed in the text. Maintenance of
electrical machinery and switch gear has been included in the preventive
maintenance schedules with a view to taking over this work from MWS over
a period of 3-5 years.

0.09 It should be pointed out: that the maintenance tasks scheduled and the
degree of decentralization is a goal to be aimed at when resources in
personnel and equipement become available. It could be implemented in
stages i.e. the Central Region performing the Casks of sub-regional
level responsibilities until facilities at the chosen sub-regional
maintenance repair centres are completed. Furthermore, the proposed
schedule could be scaled down initially until physical and financial
resources become available.

0.10 It is suggested to implement the preventive maintenance programme in the

Central Region for a trial period of one year. An evaluation could then

be carried out and the programme amended, if necessary, in the lighc of

experience gained before introducing it in the other three regions.

0.11 The estimated cost of equipment and transportation facilities in the

Central Reg-i.on is estimated at K 103,500, and the annual recurrent costs

at K 209,100. It is to be noted that no additional personnel (apart fro:n

electricians during a period of 3-5 years) are to be recruited to

implement the programme and that the recurrent costs are not over and

above what is being spent now on maintenance. An up-grading of skills

through training programmes as suggested by Mr. M. Roy, WHO/STC should

be implemented as soon as possible.

0.12 Unaccounted-for water (the difference between, water produced and

quantities billed to consumers) is attributed to leakage from pipes,
pipe joints and service connections, open or partially open drain
valves, overflowing reservoirs and broken or under-recording water
meters. Although no assessment was made there are indications that the
unaccounted-for water in DLVW systems has readied unacceptable levels.
In Zomba water supply system over 50% waste lias been reported. In 1933,
tills represented a loss of revenue of about K <\36,O57.

0.13 To redress this situation, Che long term objective would be the

set t iiis;-up of a "Waste Control Section" within DLVW with a view to
reducing waste in small water supply systems to the most economic level
and to ma i nC a i n i n;1, it at that level.

0. l-'i Leak detection an.I control of waste is a specialized activity ami the
lack of such personnel aiul the necessary equipment have prevented Dl.VW
I': i>:n carrying out: i lio necessary work. A pilot project covering t. h<-- .'..>::i!>a
,' l:i n I <: l p a 1 i t: y l i a s h i ' i ' i i : o : " i m i I a I • •«J .
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0.15 The project covers carrying a leakage and waste survey by a firm of

consult in;; engineers, reduction of waste by the maximum amount through

repairs and other measures, training of nationals in waste control

practices and acquisition of equipment for leakage and waste surveys.

The estimated cost of the project is USfc 334,400 in foreign exchange

plus a Government contribution in kind estimated at K 46,520.

0.16 A draft Project Document, on UNDP format, has been prepared nnd is

attached to this report as a self contained annnx No. XIV to enable the
ormnent to seek external financial cooperation.

0.17 Until financial assistance to implement the ()ilot project in Zomba is

secured, DLVW could commence carrying out some corrective measures to

redress the situation in all water supply systems such ns : updating

maps of distribution systems, installing master flow meters on outgoing

mains of plants and reservoirs, repairing float operated valves on inlet

pipes to reservoirs, installing level gauges on reservoirs (and

preferably installing an alarm system on reservoirs to alert plant

operators when they are overflowing, measuring and recording pressures

in the distribution systems with a view to reducing excessive pressures

where they exist, installing boundary valves on pipes feeding certain

zones, regular overhaul and calibration for water meters, etc... Such

measures are given in more detail in Chapter IV.



I. INTRODUCTION

1.01 The Department of Lands, Valuation and Water (DLVW) requested WIIO/AFUO's

cooperation in establishing a preventive maintenance programme for its

small urban water supply systems. Furthermore, DLVW is concerned at the

relatively high percentage of unaccounted-for water in its water supply

systems due to leakage and other causes and is desirous to reduce this

percentage to the minimum economic level and keep it at that level.

1.02 AFRO responded positively to Government request and mounted a

mission1' to Malawi from 12th March to 30th April, 1984. Tenns of

Reference for the mission are given in Annex I, names of persons met and

their functions appear in Annex II.

1.03 Following discussions with senior officers in DLVW and in view of time

constraints, it was decided that a preventive maintenance programme

covering the 16 district water supply systems and the 5 institutional

schemes in the Central Region be elaborated. For the leakage survey and

control of unaccounted-for water, the Municipality of Zomba (population

44.000) with a high percentage of unaccounted-for water was selected as

the project area where a firm of consulting engineers is to be retained

to conduct the leakage and waste survey. As the Government may wish to

approach bilateral cooperation agencies to fund the leakage survey and

the purchase of die necessary equipment, a Project Document - including

Terms of Reference for the consultants and justifications - was prepared

and is enclosed as Annex XIV.

1.04 The mission visited all the 16 district water supply schemes and die 5
institutional schemes as well as the repair and maintenance workshops in
the Central and Southern Regions with a view to acquainting itself with
the current maintenance practices. As no up-to-date records of plant
equipment exist in DLVW headquarters or die Regional Offices, the
mission carried out an inventory of instaL Intions and machinery in all
die water schemes in the Central Region; a necessary procedure for
establishing n preventive maintenance programme for the Central !(ii«;inn
as decided by Government.

1.05 The Chief Civil Engineer (0 & M) accompanied die mission on a week's
visit to Zonibn (2 to 7 April 19S4). All the facilities (source of
supply, treatment plant, distribution system with its 21 service
reservoirs) were inspected. Government's counterpart contribution in
kimi Co the leakage and waste survey w;m discussed and ov;> I u.i ted with
Clie Chief Civil Engineer (0 & M) ."ind the Water Superintendent, Zomba.

1.06 The proposed Preventive Maintenance Programme, described in Chapter III
was discussed in detail with the Chief Civil Kr.g inec r, (0 i i-i) and
responsible '•>:"! icers of the Con! r:\\ >%o-Mn;i -..II.TO it will he implemented
during .1 Lri.il period of one year. The; Pro;- •." atone will thun be evaluated
;md amended , I f necessary .

1/ undertaken IJV Mr. S. Ilisliara, !>TC
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1.07 During a final meeting wich Senior Government Officers of DLVW in which
Dr. S.W. YUN, WHO Programme Coordinator and Mr. H. MWANZA, UNDP,
participated, the writer presented the Mission's findings and
recommendations, the Preventive Maintenance Programme and the leakage
and Waste Survey.

1.08 The writer was received by Che Resident Representative, UNDP at the
start of the mission and was briefed at Che end of the mission's
activities and discussions with Government Officers.

1.09 The writer proceeded to AFRO (2-4 May 1984) to present the draft
Assignment Report to the Director of Environmental Health and his staff.

1.10 The wricer acknowledges with thanks the cooperation and assistance given
to him during his assignment in Malawi by Government's Officers, the
Resident Representative, UNDP and in particular Dr. S.W. YUN, WHO
Programme Coordinator.
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II. BACKGROUND

Water Supply and Sanitation Coverage

2.01 The provision of potable water supplies to urban and rural populations

is accorded top priority by the Government. Even before the proclamation

of the International Drinking Water Supply and Sanitation Decade (IDSSD)

Malawi had successfully undertaken development programmes of water

supplies both in rur.il and urban areas. With the consolidation of all

water related matters in the Department of Lands, Valuation and Water

(DLVW), development activities have gathered momentum and it is feasible

that the goals of the Decade for water supply will be achieved, provided

the necessary external capital and technical cooperation will be

forthcoming.

2.02 For urban water supplies, plans to augment the present capacities of the
various plants and to extend the services to the fringe areas by
providing communal water points are underway. In the field of rural
water supply Malawi has made commendable progress during the last 15
years. The main sources of supply are piped water gravity schemes,
boreholes and protected shallow wells. Piped water systems draw water
from protected forest catchments and serve large rural areas through
multiple communal taps. The rural piped water programme is based on the
provision of village level self help labour with capital cost provided
by donors. To date 36 rural piped water schemes have been constructed
and are benefitting over 815,000 rural people.

2.03 In 1980, it was estimated that 70% of urban dwellers and 37% of rural

populations (i.e. a national average of about 50%) were served by public

water supplies; a coverage which compares favourably with many

developing countries under similar conditions.

2.04 The sanitation sub-sector has not kept pace with water supplies. In

urban centres, parts of Blantyre, Lilongwe, Zomba and Liwonde are served

by water borne sewerage systems. In other areas septic tanks and pit

latrines are being used.

2.03 At present sanitation coverage is about 26% in all urban areas. A recent

district wide survey showed that about 3AX of. rural population are

served by pit latrines.

Inst i t ut ion.i 1 Fr.line work

2.06 Prior to 1979, responsibilities for water related matters were divided
between 14 departmental or r>ub-departmenta I units in 6 ministries. With
rli.it f r.i;Mnc;nt a1 i on progress was relatively slow anil the sub-sector
received little priority in the allocation of financial and human
resources. The Government, therefore, decided to rationalize its water
related functions by i n te;; ra t i ni; them in one department, the Department
of Lands, Valuation and Water (DLVW), under the Of lice of the President
and Cabinet (OI'C) so that hi;;h priority could be attached to the
development of water resources in jjener.il and particularly to the water
supply and sanitation senior.
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The Ministry of Health still retains the responsibility for monitoring
the quality of water supplies and promotion of rural sanitation.
Blantyre and Lilongwe Water Boards continue to function but in close
coordination with DLVW. A number of local authorities continue to run
their own sanitation facilities but this service has broad supervision
by DLVW.

2.07 The Department, headed by a Controller, is responsible for the provision

of land services and property valuation services; the supply of treated

water in urban centres and protected piped water or ground water to

rural areas; design, construction and operation of irrigation schemes;

assessment and development of water resources in the country and

planning, design and construction of sewerage and sanitation works for

certain town councils and municipalities.

2.08 The Water Division is divided into 3 branches: Water Resources branch,

Water Supply branch and Irrigation branch. Each branch is headed by a

Chief Water Resources Officer, Chief Water Supply Officer and Principal

Irrigation Engineer respectively who are responsible Co the Water

Engineer-in-Chief who heads the Water Division and coordinates the

activicies of all branches within the Division.

2.09 The Water Supply Branch is responsible for the supply of treated water
to all major towns except the cities of Blantyre and Lilongwe which have
Water Boards. The Branch also plans, designs, constructs and operates
some institutional water supply schemes. Besides the urban water supply,
the Branch provides uncreated but protected piped water supply to rural
areas wherever feasible.

2.10 The Water Supply Brancli operates at present 49 urban districts and 5

institutional water supply schemes and upon request assists in

maintenance of a further 69 institutional schemes in the country with

another four under construction. Particulars of the small district and

institutional water supply systems are given in Annex III, and their

location shown on die map given as Annex IV.

Human Resources

2.11 One of tlie major constraints for sector development is the scarcity of

skilled and semi-skilled technicians and transport facilities. This

situation has adversely affected operation and maintenance and resulted

in frequent breakdowns and premature replacement: of costly equi p:no.nt .

2.12 With a view to redressing this situation and in answer to a Government

request, Mr. Max Roy, WUO/STC, visited Malawi in Janua ry /February 19S3

and submitted a report entitled "Trainin;; Programme for Waterworks

Staff". The report describes the present staffing pattern and wakes

specific recommendations for human resources development within DLVW to

upgrade the level of operation .ind iii.Tinten.inco in tiro facilities .is well

as training programmes for present and future staff up to the year 1990.

O'liMMt ion .ind M.i i n ten.me e Practices

'.'. . 1 i Responsibility for operation and maintenance of water su;»
with the K..':'i DII.I 1 Oi: ic."/. of DLVW v i/. M.: ti:-.u for i.he

;•> 1 y s y :".
I i

I . i 1 o i i i ' i . ' i ' t o r ( h i • i l i ' n i r ; i | i l i M ' i n n ; i i f I !'. 1 1

<'; ii "i

rn
i i i l i . ' i 1
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Southern Region. Apart from the 49 district w.iter supply systems,

Regional Offices also operate and maintain 5 institutional schemes -

given in Annex III - and upon request can assist in maintenance work for

another 69 institutional schemes. The three Regional Offices are under

the Chief Civil Engineer (0 & M) at DLVW Headquarters in Lilongwe.

2.14 Apart from very minor tasks carried out by plant operators, all
maintenance work is done by the Regional Offices. No preventive
m.iinton.ince programmes have yet been introduced. As in many developing
countries and due to scarcity of qualified personnel, equipment and
transport "breakdown repairs" are carried out as needed. Plant operators
advise the Regional Office - by phone and in less urgent cases by
letter - of the nature of the breakdowns and the type of machinery
involved. The Regional Office despatches a team to the site - within a
day or two - to effect the repair required. This practice imposes a
heavy work load on the existing staff at the Regional Offices.
Occasionally, the repair team(s) is in the field on other jobs and the
task - sometimes urgent - has to await its return.

2.15 Some plants have standby units, thus permitting maintenance work to be
carried out without interruption, or reduction, of supply. Other plants
have only one unit per function. Filtered water storage capacity in some
installations is rather on the low side, which will limit the time
available to carry out a preventive maintenance programme. The storage
capacity should be built up, over say 5 years, to about 24 hours supply.

2.16 There is a large variety of makes and types of machinery, less in the
case of diesel engines which are mainly of Li.scer and Perkins
manufacture. This makes Che stocking of spare pares at regional offices
difficult and uneconomical. Some essential and frequently used spare
parts are stocked but no organized system is in force for replenishing
stocks when they reach minimum levels (provision action figures) and
bring them up to maintenance figures. Spare parts are purchased from
local representatives as and when needed; a precarious situation. An
attempt should be made to rationalize procurement of machinery from a
short list of international suppliers established through a pre-
qualification procedure.

2.17 .'-lai.nten.ince of all electrical machinery and switchge.ir is at present
handled by the Ministry of Works and Suppl ies (MWS) through the Regional
Engineers Organisation. Although their respoii.se to requests for repairs
is satisfactory, the division of responsibility might cause undue delays
in urgent situations. DLVW ni.iy wish to consider assuming the
responsibility of maintaining electrical machines and switchgear at: tor
establishing the necessary capabilities in personnel and equipment.

2 . ! S Mnch i ne rv in r.omr installations are cr.niweJ together which docs not
facilitate maintenance work. In .1 few installations, access to plant
machinery (very stoop access roads, vercic.nl narrow and tall ladders
difficult to dijcend lot alone with the necessarv tool:;) and lack of
footpaths on (;lovati:d storaj-.e reservoirs which renders ma I. :H e n.i nc e work
difficult, I'VOII dangerous, i-'or future installations accessibility lor
maintenance operation:; and the safety of personnel should !>o !>or:io in
1:11 n d a C t h e <\~; s i •<• n s I a > ' e .
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2.19 Complete records of types and characteristics of plant machinery and

equipment are not available at Regional Offices and DLVW Headquarters. A

start has been made under the Japanese Data Book Project 1982.

Collection of data on the Equipment History Cards, proposed by the

mission, should be carried out.

2.20 Similarly no up-to-date maps of distribution systems exist at the

plants. Some out of date maps are kept at the Regional Offices. A survey

team should be mobilized to prepare maps of trunk and distribution

pipelines showing position of valves and other appurtenances.

2.21 Repair facilities at the Regional Offices need upgrading in equipment

and personnel to enable them to cope with the present work load and the

proposed preventive maintenance programme.

2.22 Although universal metering is adopted, there are no meter repair and
calibration facilities at the Regional Offices. Blocked or broken
domestic water meters are dismantled and repaired on site by plant
operators without any calibration. This could result in considerable
loss of revenue. Water meter repair and calibration shops should be
installed at Regional Offices as soon as possible. The facility could
also serve for the repair and calibration of master flow meters on the
outlet mains of boreholes and treatment planes.

2.23 Funding of recurrent costs - including operation and maintenance does

not seem to pose special problems. The Water Supply Branch prepares

budget proposals for the coming year and projections for the year after

and submits them for approval by the Treasury. Once approved,

expenditures are effected against the various budget lines up to the

ceiling approved. Although the Treasury has in che past subsidized Che

short falls - especially personnel costs - ic is expected that with the

upward revision of the tariff structure the Wacer Supply Branch will

break even in the current fiscal year 1983/S4.



III. PREVENTIVE MAINTENANCE PROGRAMME

Approaches

3.01 As stated earlier in article 2.14 maintenance work is confined co
"breakdown repairs" or corrective maintenance". Inspite of the larp.e
number (49 urban district schemes and 5 institutional schemes and upon
request a further 69 institutional schemes) and their disperal, the
plants are kept clean and in good condition, thanks to the sense of duty
of staff inspite of their limited number at senior and middle management
levels.

3.02 Preventive maintenance entails the regular periodic inspection of all

components, replacement of parts after a given span of service, repair

of damaged or worn out parts, lubrication, removal of carbon deposits in

diesel engines etc., i.e. measures which are conducted to prevent or to

minimize breakdowns. No preventive maintenance programme can hope to

eliminate all breakdowns as some plant operators do not recognize the

indications which precede breakdowns. Some "Corrective maintenance" will

accordingly always be needed and this factor is taken into

consideration, allowing time and personnel - in designing the proposed

preventive maintenance programme covered by this assignment. However, a

programme geared to preventive maintenance should attain better

performance results than the present "Corrective maintenance" practice.

It should help achieve uninterrupted operation, determine the type and_

quantity of materials and replacement parts to be stocked for repairs

and distribute work load more advantageously.

3.03 Maintenance work is at present centralized in the three Regional Offices

of Lilongwe, Blantyre (and the sub-regional office in Zomba) and Mzuzu,

entailing heavy work loads on the existing staff and relative under-

employment of personnel at local and sub-regional levels (e.g. Kasungu).

Encouraged by their willingness to accept more responsibility and their

dedication, an approach towards "decentralization" to local and sub-

regional levels has been adopted in this programme. Maintenance costs

and logistics could thus be greatly reduced. Regional Offices will

continue the overall supervision of the preventive maintenance

programme, maintain sufficient quantities of materials and spare p.= rts

and carry out major overhauls of machinery and equipment or special

repairs above the level of competence of local and sub-region.11 levels.

This decentralisation will, of necessity, entail strengthening (or

creating) sub-regional level repair facilities in equipment and

personnel during a transition period of 2-3 years. The sh i 11 i nr, o f

responsibilities should be effected :;r.nlu.-i 1 1 v -is and when enough tools

and personnel become available at local mid jul)-ri;;.'ion.il levels.

3 . O.-'i !-~o 1 1 <?'.»• i \v.\ C: i s e n :•> s i <vis v i r h t h - ' '•••'•T t •' r S u n , ' r i n r . M I J . M I t . m d ; h e C h i .• f W o r k : ;

S u p e r v i s o r . - ; ;ind a p p r o v a l b y c h e C h i e f C i v i l l:n;;ineer ( 0 «S N ) t h e

f o l l o w i n g d e c e n t r a l i z a t i o n p a t t e r n is p r o p o s e d :
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I - Northern Region

A - Mzuzu Maintenance Sub-Region
Mzuzu, Ekwendeni, Nkhaca Bay, Chinteche I, Chinteche II and
Hzimba

ft - Karonga Maintenance Sub-Region
Karonga, Chitipa, Chiluinba and Rhutnphi

II - Central Region

A - Lilongwe Maintenance Sub-Region
Likuni, Chitedze, Bunda, Dowa, Kochilira, Mchinji, Kabudula
and Lilongwe Airport.

R - Kasungu Maintenance Sub-Region
Kasungu, Mponela, Ntchisi and Kamuzu Academy

C - Salima Maintenance Sub-Region
Salima, Nkhotakota, Salima Army College and Mvera.

D - Dedza Maintenance Sub-Region
Dedza, Ntcheu, Nkhande, Dedza Secondary School, Dedza
Customs Post.

Ill - Southern Sub-Region - Zomba

A - Zomba Maintenance Sub-Region
Zomba, Kuchawe, Domasi and Namadzi

B - Liwonde Maintenance Sub-Region
Liwonde, Mncliinga and Balaka

C - Mangochi Maintenance Sub-Region
Mangochi, Namwera and Monkey Bay

IV - Southern Region - Blantyre

A - li Ian tyre Maintenance Sub-Region
Mpemba, Mikolon^wc, Cliiradzulu, Mwanza and Thyolo

15 - N;>al)u Maintenance Sub-Ue;;ioii
N^abu, Cliikwawa, Nclialo and Nsanje

C - Mulanjo Maintenance Sub-Ro
Mil I .in ]c , L u c h o i i z a , M u l o z a a n d i ' h a l o m b e .

Tlu?r..> T o r e , a t o t a l o f n i n e S u b - R e g i o n a l M a i n t e n a n c e C e n t r e s h a v e t o b e
c r e a t e d o f s t r e n g t h e n e d . T h e e x i s t i n g f a c i l i t i e s ;it M/.u/.u, L i l o n g w e , Z o m b a a in
lil.nntyte w i l l s o r v e :\a R e j ; ion;i 1 / S u b - R o w , i o:ia 1 M a i n t e n a n c e C e n t r e s .

3 . 0 0 I'o 1 1 o w i ii;1, d i s c u s s i o n s w i t h t h e U.ir...ir S u p e r i n t e n d e n t : ; a n d C h i e f W o r k s

S u p e r v i s o r : ; at tlu: C I M U r:i I .nul S o u t l i e : n R e g i o n s a n d a p p r o v a l i n

pv ; nc i p 1,; b v t h o C h i <.:;' '.V.u.'r S u p p l y O f f i c e r a n d C h i e f C i v i l E n g i n e e r

( 0 .(, :•• ) , ::ia i nt i! n a n c e o f .: 1 .•<.• I. r l c a 1 e (\ u l puitMit liar; b e o n i n c l u d e d in t h e
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preventive maintenance programme with a view to assuming this

responsibility over a period of 3-5 years by DLVWQ during which

resources in personnel and repair facilities are built-up. No official

"divorce" with MWS is contemplated here, but gradually less and less

electrical maintenance work will be requested from MWS until it ceases.

3.06 For a preventive maintenance programme to function efficiently,

technicians should be provided with the means of doing the job at Che

t imp it needs doing, the necessary instructions and technical

information, the spare parts and tools, Manufac turers maintenance

manuals, if available, should be kept at the plants. Spare parts lists

should be kept at Regional Offices, and are to be requested from the

manufacturers if not available.

It is now common practice to require the consulting engineering firms

responsible for the design and supervision of construction to prepare

maintenance manuals in simple language and train operation and

maintenance staff as part of the engineering services and covered by

their fees.

3.07 Transport (a complaint voiced at all plants) plays an important role in

die successful implementation of the programme. Personnel and materials

have to reach the site on time and frequent delays could render the

planning of activities meaningless. The vehicles, described later in the

text, although they form part of the fleet of the Regional Offices,

should, if possible, be earmarked for the preventive maintenance

programme and be well maintained and kept in good operating condition.

The transport desk at the Regional Office, which has copies of the Work

Plans, described in arts 3.14 and 3.18 should draw out weekly and

monthly plans with dates, destination and reason for the journey to

ensure optimum use and prevent misuse of the vehicles.

3.08 The preventive maintenance programme has been split in two sections, as

the nature of work and job skills vary viz (a) Buildings, structures and

equipment and (b) Main and distribution system pipelines and water

meters. So far the maintenance of pipelines has been given low priority

and water meter reconditioning and calibration hardly carried out. The

speedy detection of leaks through the preventive maintenance programme

and carrying out the necessary repairs should have the effect of

increasing the available supply - in some cases near plant capacity -

and represents to DLVW a considerable financial saving.

Design of the Preventive Maintenance Prosr.ininie

3 . 0 9 A p a r t f r o m t h e i n c o m p l e t e i n f o r m a t i o n ! c o l l e c t e d u n d e r t h e J a p a n e s e D a z e

B o o k P r o j e c t i n 1 9 S 2 , n o r e c o r d s e x i s t o f t h e s t r u c t u r e s a n d e q u i p m e n t
; ;i L h.-? v a r i o u s ».itor s u p p l y s h e m e s . T h e m i s s i o n , t h e r e f o r e , v i s i t e d a l l
t h e i n s t a l l a t i o n s o f t h e C e n t r a l R e g i o n c o v e r e d b y t h e p r o p o s e d
prof,ram;no a n d m a d e a n i n v e n t o r y o f p l a n e i t e m s t o b e m a i n t a i n e d .

3 . 1 0 A n " K q u i p m e n t H i s t o r y C a r d " h a s b e e n d e v e l o p e d a n d a p p e a r s a s A n n e x V .
Thi! c.iril ;;ive.-: a l l d a t a r e l e v a n t C o m a i n t e n a n c e w o r k a n d t h e o r d e r i n ; ' o f
s p a r e p a r t ; ; ( m a k e , t y p e , s e r i a l n u m b e r , h o r s e p o w e r , s p e e d , d i s c h a r g e ,
e t c . ) .is w e 1 1 a s s p a r e p a r t s l i s t s anil m a n u 1 a c lu r e r s ' m a i n t e n a n c e
::i:iiiua 1 s , a s a v a l l a b l e . O n t h e b a c k p.j ,',..•, t h e c a r d a l s o p r o v i d e s a r e c o r d



- 13 -

of all maintenance/repair work carried out and by whom as well as costs

of Che maintenance/repair jobs. The card helps Co monicor whecher

preventive maintenance Casks have acCually been performed. The cards

should be kepc in a loose folder at Che plant where the component is

installed and duplicates aC Che Regional Offices. Advance copies of Che

Equipmenc Card have been distributed at the plants visited by the

mission and a few forms duly completed by plant operators have been

received at the Central Region.

3.11 A compilation and classification table for water supply schemes

(district and institution.il) in the Central Region has been completed

and appears as Annex VI. This covers buildings, structures and equipment

divided into sub-groups of source of supply, raw water pumping,

treacmenc, Created water pumping, storage, diesel engine generating sets

and windmills. The table, which would be kept at the Regional Office and

Lilongwe Headquarters would indicate at a glance the number and function

of components in each plant.

3.12 Based on Annex VI, an identificacion numbering system for plant
components in the Central Region was introduced and is given in Annex
VII. The identificaton number for each component is to be entered on its
Equipment History Card and will remain unchanged even if certain
components are to be replaced by similar or different components
performing the same function. In that case data on the Equipment History
Card will be changed accordingly. The identification number appears on
all maintenance/repair work done on the component and helps the Accounts
Section to trace and compile all expenses incurred on maintenance/repair
jobs carried out on the component during a given span of time. It is to
be noted that a gap is left between the identification numbers of one
plant and another to permit additions of units through augmentation
projects without losing the sequence.

3.13 Following discussions with the staff at the Central Region and plane
operators, a Preventive Maintenance Schedule was developed based on
current practices and is given as Annex VIII. The Schedule shows the
tasks to be performed and their frequency-daily, weekly, monthly, etc.,
the level of responsibility - local, sub-region, region and the persons
to carry them out - plant operators, mobile maintenance teams,
engineers/technical officers, etc. The materials and spare parts likely
to be used are also shown. The Schedule is drawn up on the assumption of
a decentralized approach to preventive maintenance as discussed under
articles 3.03 .ind 3.04. Electrical machines and switchijear have been
included as stated in article 3.04.

3.1-4 Ic should be pointed out that tlie tasks scheduled amJ the degree of

decentralization is a £oal to be aimed at when resources in personnel

.ind c'Ou i nmenc become available. It could be implemented in stages i.e..

the Central Re;;ion performing the tasks of sub-regional level

responsibilities until facilities at the chosen sub-ret; ion.i 1

ma i n t enance / repa i. r centres are completed. l"u r t he nnore , the proposed

schedule could be scaled down initially until physical ami financial

resources become available.

3.!5 In view of the fact that tin: Central Regional Office has the necessary
repair and transport lacilities to commence a preventive maintenance
p ; • ( ) ; • . • • . i : : u : i e ( a : ; -i s u l ) - )<•:•i , i : i . i 1 i n . ) i n t e n . ' i I K : •• c e n t r e ) ! \ ) r a t r i . i l p e r i o d o l

n i l , ' v . •. i :' w i t 11 ii 11 i v . i l 1 i 11 ;• • i) i" p ;'. x ' i j :'!•::;.• ii I o f <' < 111 1 ;i::ii' r, [ »> I" I" <.: C !' i J I t 1 11;'



personnel (other than electricians), a yearly Work Plan for the mobile
maintenance teams for plant buildings, structures and equipment has been
prepared and appears as Annex IX. This has also been prepared in
consultation with Central Region.il Office staff. It takes into
consideration the geographical location of the plants, the normal
travel time and the number of plants to be visited during one or two
working weeks. The mobile teams will return to base at the Regional

Office to report on their operations and replenish their stocks of

materials and spare parts. The Work Plan is to be accompanied by weekly

or monthly circuits for mobile maintenance teain(s) shown on appropriate

maps .

3.16 It is to be noted that for the 6 diesel engines (3 at Dowa, 2 at
Kochilira and one at Kabudula), the monthly preventive maintenance task
of dismantling the injectors and testing the spray has not been included
in the Work Plan to save costs. Instead, spare nozzles could be kept at
the plants and replaced by the plant operators. The dismantled nozzles
could be tested by the mobile maintenance teams during their 3 monthly
visits and replaced if found defective. If they are found to be in good
condition they could be re-used.

3.17 To enable the Regional Office to cope with "breakdown repairs" or

"Corrective maintenance" a team consisting of one engine mechanic, one

pump repairer (fitter), one plumber and 4 labourers will be earmarked

for chose emergency duties. They could, however, be employed on other

repair jobs at the Regional Office inbetween emergency repairs.

3.18 Due to-absence of detailed up-to-date maps of main and distribution
system pipelines and valves, that part of the preventive maintenance
programme could not be finalized during the mission. However, the same
approach as that adopted for plant buildings, structures and equipment
could be developed when nn inventory of pipelines and valves and up-
dating maps have been carried out. This should be followed by the
preparation and up-dating of distribution network drawings (as built)
showing location of valves, hydrants, and service connections for each
zone to a suitable scale.

3.19 Annex X gives a format for a compilation and classification sheet for

mains and distribution system pipelines and meters. An identification

numbering system, similar to that used Cor water treatment plants could

be introduced on the format given as Annex XI. The lengths of pipelines

for each diameter should be given in Annex X with a view to determining

the time required for the mobile maintenance team(s) to carry out the

checks and repairs detailed in Annex XII.

3.20 No serial numbers are given to i miustrin 1/coinmereia1 and domestic

I I P C T S . Tn the circumstances, the same account numbers could be used to

identify the meters installed. This will not hinder drawing up a

preventive maintenance programme. Tt i:~, recommended that meters are

removed for complete overhaul and calibration at the Regional Offices

once every i years. A colouring system painted on the casing of the

meter could bo introduced to indicate the year it was overhauled and

when the next overhaul is due.
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3.21 Annex XIII gives a format for a yearly Work Plan for a mobile team for
Che maintenance of mains and distribution system pipelines and valves.
The team would consisc of a patrol man, a plumber and two labourers. The
Ceam should be equipped with the necessary tools and a long wheel base
pick-up complete with hoisting gear and replacement parts to effect
repairs as necessary.

3.22 Activities for routine inspection of pipelines and detection of leaks
will lie better organized after setting up of a "Waste Control Section"
in DLVW and the acquisition of the necessary leak detection equipment
under the Project described in Annex XIV.

3.23 In view of the large number of district and institutional schemes
operated and maintained by DLVW, the implementation of the preventive
maintenance programme and its monitoring could be greatly facilitated by
the use of a small computer where data about structures, machinery and
pipelines, as well as the preventive maintenance tasks for various
plants could be stored and print-outs obtained at monthly intervals. The
development of micro-computers is opening an entirely new range of low
cost machines capable of supporting the needs of the Chief Civil
Engineer (0 & M) at DLVW Headquarters and the Water Superintendents at
the Regional Offices.

Human Resources Requirements

3.24 The present staffing levels at the plants could be maintained as it
stands after the introduction of the preventive maintenance, programme.
In view of shifting some maintenance tasks to Local Level (the plant) as
detailed in Annexes VIII and XII their skills have to be improved.
Training courses for plant operators and their syllibi have been given
in detail in Chapter V of the Report entitled "Training Programme for
Water Works Staff, 1983" by Mr. M. Roy, WHO/STC. Steps should be taken
to implement the training programme recommended by Mr. Roy as soon as
possible.

3.25 The following straffing pattern is suggested at the Regional and Sub-
Regional levels, after having been discussed with the Chief Water
Supervisor, Central Region:

A. Regional Workshops

- One diesel engine mechanic,
- one assistant diesel engine mechanic,
- one pump fitter,
- one assistant pump fitter,
- two welder:; (arc welding and oxy-ace t y 1 one) ,
- two water rierer repairers (fitters),
- two assistant water meter repairers,
- one bricklayer,
- one ca rpen te r,
- one pa i n ti: r .



- 16 -

For emergency breakdown repairs the following team is required:

- one diesel engine mechanic,
- one pump ficcer,
- one plumber,
- four labourers.

B. Sub-Regional Maintenance Centres

Nine centres as given in Article 3.04, three of which in the Central
Region.

- One supervisor,
- one foreman,
- one diesel engine mechanic,
- one pump fitter,
- one plumber,
- one bricklayer,
- one painter,
- one driver,
- one driver to replace any of the drivers on annual or sick leave.

3.26 An examination of the present staffing at the Central Region reveals
that no additional recruitment is required, other than electricians, to
in3n the 3 proposed sub-regional maintenance centres. An upgrading of
skills is required at all levels in accordance with the training
programme recommended by Mr. Roy. Maintenance of electrical machinery
and switchgear is to continue being entrusted to MWS and gradually
phased out over a period of 3-5 years during which the necessary
personnel are recruited (or trained) and maintenance/repair facilities
provided.

Estimates of Capital and Recurrent Costs

3.27 A. Capital Costs

The following table No. I gives details of equipment required to
introduce the proposed preventive maintenance programme in the Central
Region.

B. Recurrent Costs

3.28 Tli ere will be no additional personnel (other th.in electricians) required
to implement the preventive ma intonance programme; rather a better
utilization of time of exist in;', staff will result. A provision should be
iii.iJ.j, iujwc vc r , i. o defray :;u'.)s i s r. one e .; I 1 o'-.; :'.c e !or pe r::. *•>:-. no ! on (iuLy
travel when they cannot return homo aC tho end of a working day. It is
to be noted that tho Work Plan is based on a 5 day working week, so no
ov,? r t: i me is to be paid during week-ends.

i.'.l') Wages tor electricians (one electrician grade I and one electrician
grjilo II lor each :.ul>- rer, i on.i I r.ia i nt ena nee centre.*;) i.e. a total oi l>
electrician:", grade 1 and A i; 1 ec t r i c i an:; v.r.iile I I fur the Central Region.
I'iii- e s t i m a t e d c o : ' - t p e r . I I I I I I I I M n l e l e c t r i c i a n s ' w a g e s i s : i b o u t K 8 1 0 0 ,

! > . i : ; e d ii:i . i n h o u r l y r . i ; e o l ' j 6 l f o r i : l . : C t n . : i . i ; i g r a d e I a n d .i !> t l o r

i- I .', : : i k- i .in - r . i . l e I I , w o r k i n g •'»'.>. ] / ? h o u r s .i u ' e e k \o-' r>? w e e k : ; .1 y . - . i r .

'i'iii-. :;::;: •„• i 1 1 ! ) . • p . i r t l.il l y n i f •'....•! l>v JI.I •.•::>• n : .•; r i i r r e n i ! y i".'idr.' t.o ."-''..'M ! ' o r

::-..i i n : .1 i i! i ir.' e 1 e 0 I r i e .1 I "i.lc: h i n . v . ( a :;u::i ..: a l > , > n L K "iU'i-) d i i r i : : ; ; l ' J o ' i ) .



TAlil.r.AU No. 1 - CAPITAL COSTS OF EQUIPMENT REQUIRED FOR THE CENTRAL REGION
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DESCRIPTION

Office, Li 1 ongu-e
evm;: machine
Lev testing and Calibration equipment

b-Roc ion.il Maintenance Centres at

Sa 1 i"<a a-id 'Oedza

~ach ine
no
ewing machine
ing r.achine (transformer)
ylene ;.'e Id in:: equipment

ecter testing pump
a inters brushes, ladders, etc.

rick layers tools
4Wi) pick-up with diesel engine fitted

nopy and seats
cie (light type) for use by supervisors

UNIT
K

3,

3,

1,

20,

1,

PRICE

200
-

600
400
200
950
550
400 '

500
200

000
400
400

500

TOTAL COST

3

1
1
9
2
4
1
1

60
4
6

5

K

,200
—

,800

,200

,600

,850

,650

,600

,500

600

,000

,200

,800

,500

REMARKS

Also nets as Sub-Regional Maintenance Centr

To replace the existing machine out of or<Jc-

To be transferred from Zomba stores.

Regional office lias 2 pick-ups.

Regional office has a motor cycle.

For plant operators at all plants.

Four already exist.

To complete existing cool boxes at plants ••
one tool box for every mobile team.';

TO'i AL 103,500

T.S i d e m t i c n could be given that DLVW lends K 4 0 0 to eac h o p e r a t o r at low i n t e r e s t rates to purchase own b i c y l e , r e p a y a b l e

•,.:• 2-3 -.cars. Should this be: approved the total cost of eq u i p m e n t is reduc e d to K 9 6 , 7 0 0 .
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3.30 Recurrent costs per annum for tlic implementation of the preventive:
maintenance programme could, therefore, be estimated as follows:

- subsistence allowance during duty travel K 3,000
- electricians (in about 3-5 years) K 8,100
- materials, spare part, etc. K 150,000
- transport (based on K 1,000 per vehicle/month) K ^8,000

Total K 209,100

3.31 It should be noted that the above annual recurrent costs for
implementing the preventive maintenance are not additional costs to what
is being spent at present. Electricians' wages will only be spent in
about 3-5 years, annual transportation costs are on the high side and
could be less and the cost of materials, spare parts, etc. is likely to
go down through fewer breakdowns and, therefore, fewer premature
replacements of costly items such as shafts impellers, etc. With a total
sales of water (Jan.-Dec. 83) of 1,446,495 cu. m, the recurrent costs
for all maintenance work per cu. meter sold is only about K 0.14
representing 30% of the average water rate of K 0.49.

Evaluation

3.32 The preventive maintenance programme should be implemented as soon as
possible in the Central Region - first in Lilongwe where resources in
personnel and facilities exist - and gradually in the remaining Sub-
Regional Maintenance Centres at Kasungu, Salima and Dedza as and when
equipment becomes available (no additional personnel required buc
upgrading of skills through the training programme recommended by
Mr. Roy.

3.33 After a trial period of one year during which the programme is fully
operative in the Central Region an evaluation of its effectiveness
should be carried out. This should be conducted through field visits to
installations by the supervisors, or preferably by a team of experienced
evaluators from the Regional Office and DLVW Headquarters, who would
interview plant operators as well as users.

3.34 Areas to be covered by the evaluation exercise would include: proportion
of co;nponents/systerns which are functioning as intended, the recurring
operations and maintenance problems, adequacy of budgetary allocations
and programme support services (spare parts, transportation, repair
facilities, etc), recurrent costs for implementing the progratume and
consequently its cost effectiveness, suggestions for amendments/
improvements, etc.

3.35 Subsequent to the evaluation a decision could be readied to extend che
proi'. rainme , -is amended if necessary, to the other three regions of D L W .
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IV. REDUCTION AND CONTROL OF UNACCOUNTED - FOR WATER OBSERVATIONS

Observations

4.01 Unaccounted-for water (the difference between water produced and

quantities billed to consumers) is attributed to leakage from pipe

joints and service connections, leakage from the pipes themselves due to

corrosion or haircracks, open or partially open drain valves, over-

flowing reservoirs and broken or under-recording water meters. Although

no assessment has been made so far of the quantities of unaccounted-for

water, there are indications that the percentage waste in DLVW water

supply systems has reached unacceptable levels.

4.02 There are no up-to-date maps of distribution systems showing the

location of pipelines, valves and service connections. Repairs of pipes

and joints are carried out when leakage manifests itself above ground

level. A proper inventory of all the pipe mains, giving their size,

material, depth below ground, the number and location of sluice valves,

scour valves, air valves and service connections should be made for each

water supply scheme. For large towns, maps covering zones (or sub-zones)

to a scale of say 1:1000 should be prepared.

4.03 Excessive pressures in some parts of the distribution system (e.g.
Zomba) have the effect of increasing the quantities of water which leaks
from a faulty joint (or initiating a leak from the walls of corroded
pipes). In areas where pressures are in excess of consumers'
requirements, water flowing from a given tap opening increases and thus
results in undue consumption and misuse of water by subscribers.
Pressure reading should be taken at various points of the distribution
system - and preferably recorded over 24 hours - and pressure reducing
valves installed to limit the pressures up to say 30-40 meters.
Considerable waste reduction could be achieved by pressure reduction co
pressures actually needed for adequate supply.

4.04 Overflow from service/storage reservoirs is suspected of causing

considerable waste. Although all of them arc fitted with float operated

inlet valves, the mechanism could breakdown causing excessive waste

through the overflow pipes. Level gauges should be installed at all

reservoirs and preferably coupled wicli an overflow alarm system

(operating through telephone lines) to alert plant operators when a

reservoir is overflowing. Pressure readings .it the inlet pipes to

reservoirs should be takon and recorded over 24 hours, and pressure

reducing valves installed where necessary. This will prolong the period

between maintenance/repair of float operated valves.

A.OS T c wiinld help monitoring t\\o decree nf w.isrr in th«? distribution svstwis

if bulk flow meters ;ire installed on the outgoing mains of treatment

planes and boreholes, the storage reservoirs and on trunk mains feeding

main /.ones. Regular road i n;>r, of the: bulk motors will alert the

distribution system personnel on zones, reservoirs, etc. where excessive

1 eaka;;e/was to is taking place.
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4.06 There seems to be long stretches of 50 mm diameter galvanized iron

piping in use in various schemes. These are liable to corrosion, and

leakage, over time and also higher friction losses. Their use should be

discontinued and a programme of their gradual replacement by 80 mm

diameter PVC piping is recommended. Service connections should also be

made in PVC tubing.

A.07 Domestic water meccrs .ire almost all of the positive displacement type
which is prone to stoppage due to particles of sand or iron from
corroded pipes. Connideration should be given to using the less
sensitive and easier to repair fan type water meters. They are also
cheaper. Furthermore, no ca 1 ibrat ion of meters is practiced at present
and a large number could be underrecording representing loss of revenue.
Domestic and commercial/industrial water meters should be reconditioned
and calibrated once every 3 years as recommended in art. 3.20.

4.08 At the treatment plants, water might also be lost through inefficient or

incorrect treatment requiring more frequent backwashing of filters. At

Mvera, the wash out water could be directed to the raw water inlet

chamber before the sedimentation tanks instead of to drain thereby

saving the energy required co pump an equal quantity from the intake

several hundred meters below.

4.09 Illegal connections do not seem to be a problem in Malawi, although they

contribute Co a large proportion of unaccouncer-for water in many

developing countries. However, effective vigilence should be exercised

to detect and prevent un3uthorized connections, especially in premises

where the service was discontinued for nonpayment and householders are

tempted co reconnect illegally.

4.10 Leak detection and concrol of waste is a specialized activity 3nd che
lack of such personnel in DLVW should be redressed as discussed later in
arcicles 4.15 and 4.16.

Zomba Water Supply System

4.11 The mission's visit to Zomba confirmed that almost all the foregoing

factors contribute to the present large amount of unaccounted-for water,

reportedly over 50%. Many service reservoirs are difficult to reach and

hence less inspected; die float median isms in <i few were defective

causing water to run to waste through the overflows. Excessive pressures

wore noted at the inlet of some. In 1933, 822,749 cu metres wore

unaccounted-for representing a loss of revenue of about K 436,03

About 62% of the distribution system pipelines are in galvanised iron
.mil iii;;h[' h o <:<~>n C :* l h n t l i v In r I I ."» l.M'^e .it:iou;ir o f w a s t e .

4 . 1 2 T h e n u o s t i o n of r e l u c t ion .meI c o n t r o l o f v a s t c in Z o m b a is r e n d e r e d m o r e
u r g e n t d u e to die n e a r s a t u r a t i o n o f c a p a c i t y of the t r e a t m e n t p l a n t . In
O c t o b e r 1 9 8 3 , t h e hoc p e a k p e r i o d , cite a v e r a g e d a i l y p r o d u c t i o n w a s 4 7 0 5
c u in. r e p r e s e n t iii;', 8 6 ^ of p l a n : c a p a c i t y . U n l e s s m e a s u r e s a r e t a k e n co
r e d u c e and c o n t r o l w a s r o , ;i p r o j e c t ot aiij'^ien c .it i o n o f c a p a c i t y o f t h e
s y s t e m 11.-is t o IK: I mj> 1 • •im'iH •.••! .
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4.13 Waste in other water supply schemes of DLVW could well be of the same
magnitude as in Zomba. Leak detection and control of waste should be a
continuous activity and the cost of its introduction is justified.

Setting-up of a Waste Control Section

4.14 A long term objective would be the setting up of a Waste Control Section
within DLVW with a view to reducing waste in small urban water supply
systems to the most economic level and to maintaining it at that level.

4.15 To achieve this objective, a project has been formulated with the
following immediate objectives:

a - Estimation of the level of waste in the water supply system of the
municipality of Zomba by carrying out a leakage and waste survey.

b - To justify waste control by reducing waste in Zomba water supply
system by the maximum amount through repairs and other measures.

c - Training of national engineers and technicians in waste control
practices.

d - Aquision of equipment for leakage and waste surveys.

4.16 Leakage and waste surveys and training are to be carried out by a firm
of consulting "engineers to be retained by DLVW. The cost of the project
is estimated at US J; 334.400 in foreign exchange plus a Government
contribution in kind estimated at K 46.520.

4.17 To enable the Covernmenc to approach potential bilateral assistance
agencies, a draft Project Document on UNDP format was prepared and is
attached as a self contained Annex XIV.


