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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

DLVW operates and maintains 49 district water supply schemes and 5
institutional schemes and upon request assists in maintenance of another
69 instituytional 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.

There 1s a large variety of makes and types of equipment and plant
components are tailor-made to meet present and future demands during a
planning horizon of about 5 years. This makes maintenance work more
diffrcult and the stocking of spare parts 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.

Some plants have stand-by units thus permitting maintenance work, others
have one unit per function. Treated water storage capacity 1is 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.

There are 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 updacing of
maps of distribution systems carried out at an early date.

Apart from vaery wminor tasiks carrvied 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 are carried cut when leakages manifesct
themselves above groundlevel; water meters when broken or blocked are
repalred on site without calibration. This could cause considerable loss

of revenue.

Preventive maintenance entails the regular periodic inspection of all
components and carrying out mecasures Lo prevent or minimize breakdowns.
[t should help achieve unincerrupted operation, determine the type and
quantity of materials and spare parts to be stocked for repairs and
distribute work load more advantageously., Although 1ts introduction
enCalis the initial deploymaent of resources = in fagilitios and
personnel - 1n the lony term 1t could prove more economical
premature fallure of machinery and their coscly replacement and the
continutty of supply of potable water and related healech benafits,

1n avolding

16 district wvater supply schemes and the 5

The writer visized all che
toventory ot all

tastitutional schemes of the Cental Repion and wade an
plant structures and equipaent. Eonconrvaged by the willingness ol plaoc

OpeTators to accepl more responsibility and their dedication, an
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approach towards decentralization has been adopted in designing the
preventive maintenance programne. More maintenance tasks are to be
carried out at the local level and 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.

A total of 9 sub-regional maintenance centres are to be created or
strenpthened (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
eclectrical 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.

Lt 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 L.e. the Central Region performing the tasks of sub-regional
level responsibilities until facilities at the chosen sub-regional
maintenance repalr centres are completed. Furthermore, the proposed
schedule could be scaled down Lnitially until physical and financial
resources become available.

It 1s suggested to implement the preventive malntenance programme 1n the
Central Region for a trial period of one year. An evaluation could then
be carried out and the programme amended, 1if necessary, in the lighc of
experience galned before introducing it in the other three regions.

The estimated cost of equipment and transportation facilities in the
Central Region 1s estimated at K 103,500, and the annual recurrent costs
at K 209,100. It is to be noted that no additional personnel (apart from
electricians during a period of 3-S5 years) are to be recruited to
implement the programme and that the recurrent costs are not over aad
above what is being spent now on maintenance. An up-grading of skills

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

be 1mplemented as soon as possible.

Unaccounted~for water (the differvence between. water produced and
quancicties billed to consumers) is attributed to leakage from pipes,
pipe joints and service connections, open or partially open drain
overflowing rescervoirs and broken or under—recording water

valves,
there ave indications that the

merers. Although no assessment was made
unaccounted-for water in DLVW systems has reached unacceptable levels.
In Zomba water supply system over 50X waste has been reported. In 1983,
this represcnced a loss of revenue of about K 436,057,

To redress this situation, the lang term objective would be the
setting-up of a "Waste Control Section' within DLVW with a view to
reducing waste in swall water supply systems to the most economic level

and to maintaining 1t ac that level.

Leak detection and control of waste 1s a specialized activicy and the
lack of such personnel and the necessary equipment have prevented DLV
~ Combo

f oo c:xrr>'in;§ oul the noecessary work., A nilor project covertnye the

Mundcrpality has been Tormalat ed,
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The project covers carrying a leakage and waste survey by a firm of
consulting engincers, 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 cstimated cost of the project is USE 334,400 in foreign exchange
plus a Government contribution in kind estimated at K 46,520.

A draft Project Document, on UHDP format, has been preparcd and is
attached to this report as a self contained annex Ro. XIV to enable the
lovernment to seek external financial cooperation.

in Zomba 1is
measures to
: updating

Until financial assistance to implement the pilot project
secured, DLVW could commence carrying out some corrective
redress the situation in all water supply systems such as
maps of distribution systems, installing master flow meters on outgolng
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
vhere 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 Chaprer IV,
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1/ ondertaken by Hr. SO Birshara,

INTRODUCTION

The Department of Lands, Valuation and Water (DLVW) requested WHO/AFRO'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.

AFRO responded positively to Government request and mounted a
missionl/ to Malawi from 12th March to 30ch April, 1984, Terms of
Reference for the mission are given in Annex I, names of persons met and

their functions appear in Annex II.

Following discussions with senior officers in DLVW and in view of time
constraints, it was decided that a preventive malntenance programme
covering the 16 district water supply systems and the 5 institutional
schemes 1n 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 consulring 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 the necessary equipment, a Project Document =~ including
Terms of Reference for the consultants and justifications - was prepared

and 1s enclosed as Annex XKIV.

The mission visited all the 16 district water supply schemes and the S
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 the Regional Offices, the
mission carried out an iaventory of installations and machinevy 1n al
schemes in the Central Regilon; a necessary procedure for
for the Central Region

!
the wacer
establishing a preventive maintenance proyramme
as decided by Goverument.

The Chief Civil Engineer (0 & M) accompanied the mission on a waek's
visit to Zomba (2 to 7 April 1984). All the facilities (source of
supply, treatment plant, discribution system with 1ts 21 service
reservoirs) were inspected. Government's counterpart contribution in
Kind to the leakage and waste survey was discussed and evaluated wich
the Chief Civil Engineer (0 & M) and the Water Supervintendent, Zowba.

The proposed Preventive Maintenance Proprawmse, described in Chaprer 111
in detail wich the Chief Civil Engineer, (0 & M) and

was discussed
will boe implemented

vesponsible atficers of the Central
during a trial period of one year. The Programne will chen b

Roespan whore 1t
¢ evaluated

and amended, 1f necessavy.

ST

o
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During a final meeting with 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.

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

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

The writer 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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BACKGROUND

Water Supply and Sanitation Coverage

The provision of potable water supplies to urban and rural populations
1s 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 rural and urban arecas. With the consolidation of all
water related matters in the Department of Lands, Valuation and Water
(DLVYW), 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.

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 1s 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.

In 1980, it was estimated that 70% of urban dwellers and 37%Z 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.

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 pic
latrines are being used.

At present sanitation coverage 1s about 2674 1in all urban aveas. A recent
districe wide survey showed that about 34% of. rural population ave

served by pit latrines.

Institutional Framcwork

Prior to 1979, responsibilities for water related macters were divided

between 14 departmental or sub-departmental units in 6 ministries. With
that fragmentation propress was velatively slov and che sub-sector
received liteclé priority in the allocation of (inancial and human
to rationalize 1ts water

resources. The Government, thereforve, decided
the Department

related functions by integrating thein 1n one department,
of Lands, Valuation and Water (DLVW), under the Oftice of the Presrdeant
and Cabinet {(OPC) so that high priovicy could be attached to the
development of water rvesources in general aund parcicularly o the water
:;npply and sanitation segtor.



The Ministry of Health still retains the responsibility for monitoring
the quality of water supplies and promotion of rural sanitation.
Blantyre and lLilongwe Water Boards coantinue 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 to the Water
Engineer~in—Chief who heads the Water Division and coordinates the
activities of all branches within the Division.

2.09 The Water Supply Branch 1is 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 untrecated but protected piped water supply to rural

areas wherever feasible.

2.10 The Water Supply Branch operates at present 49 urban districts and 5
Institucional water supply schemes and upon request assists in
maintenance of a further 09 inscitutional schemes in the country with
another four under construction. Particulars of the small district and
institutional water supply systems are gilven in Annex III, and their
location shown on the map given as Annex IV.

Human Resoutces

2.11 One of the major constraints for sector development 1s 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 equipmenc.

2.12 With a view to redressing this situation and in answer to a Government
request, Mr. Max Roy, WHO/STC, visited Malawi in January/February 1983
and submitted a report entictled "Training Programme for Waterwvorks
Scaff'., The report describes the present staftfing pattern and makes
specific recomnendations for human resources development within DLVYW to
1

level of operation and maintenance in the facilities as well

upsrade the
present and future stalf up to the year 1990,

as training propgrammes {or

Operation and Maintenance Practices

2,13 Respoonsibility for operation and maintenance of water sapply systems

Pies wrth the Restonal Ortices ol DLVY viz Moucu for the Jovihern
Resion, Lilongee for the Central Reeton aond Blancere and Zomba tor {he
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Southern Region. Apart from the 49 district water 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 Headquartevs in Lilongwe.

Apart from very minor tasks carried out by plant operators, all
maintenance work is done by the Regional Offices. No preventive
maintenance 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 nceded. 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.

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 capaclty in some
1nstallations is rather on the low side, which will limit the time
avallable to carry out a preventive maintenance programme. The storage
capacity should be built up, over say 5 years, to about 24 hours supply.

There 1s a large variety of makes and types of machinery, less in the
case of diesel engines which are mainly of Lister and Perkins
wmanufacture. This makes the stocking of spare parts 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 sifuatlion. An
attempt should be made to rationalize procurement of machinery from a
short list of international suppliers established through a pre-
qualification procedure.

Maintenance of all electrical machinery and swviltchgear 1s at present
handled by the Ministry of Works and Supplies. ((Ws) chrough the Regional
Englneers Organization. Althouph their response to requests for repairs
1s satisfactory, the division of responsibility might cause undue delays
In urgent situations. DLVW may wish to consider assuming the
responsibility of maintaining electrical machines and switchgear after
establishing che necessary capabilities in persounnel and equipment.

Hachinery in some wnstallations ave crammed togecher which does not
few 1nsrallations, access to plant

facilitate marntenance work. In a
and tall ladders

machinery (very steep access roads, vertical narrow
difticult to decend let alone with the necessary tools) and lack of
wmaLnlenancye work

footpaths on elevated scorapge reservorrs vhich renders
for

cven danperous. For future iastallatirons accessibility

difticule,
personnel should be borae an

maitntenance operations and the safoty of

mind at the desien staee.
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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.

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.

Repalr 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.

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 plants.

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 che Treasury. Once approved,
expenditures are effected against the various budget lines up to the
ceiling approved. Although the Treasury has in the past subsidized the
sihort falls - especially personnel costs - it 1s expected that with the
upward rtevision of the tariff structure the Water Supply Branch will
break even in the current fiscal year 1983/84.
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PREVENTIVE MAINTENANCE PROGRAMME

Approaches

As stated earlier in article 2.14 maintenance work is confined to
"breakdown repairs" or corrective maintenance". Inspite of the larpe
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.

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 malntenance programme covered by this assignment. However, a
programme geared Lo preventive maintenance should attain becter
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.

Maintenance work 1s at present centralized in the three Reglional Offices
of Lilongwe, Blantyre {and the sub-regional office in Zowba) and Mzuzu,
entailing heavy wvork loads on the existing staff and relative under-
employmeat of persoanel at local and sub-regional levels (e.g. XKasungu).
Fncouraged by their willingness to accept more responsibility and their
dedication, an approach towards ''decentralization' to local and sub-
regional levels has been adopted 1in this programme. Maintenance costs
and logistics could thus be greatly reduced. Regional Offices will
concinue the overall supervision of the preventive maintenance
programae, maintain sufficient quantities of materials and spare parts
and carry out major overhauls of machinery and equipment or special
vrepaivs above the level of competence of local and sub-regional levels.
This decentralization will, of necessity, entail strenathening {or
creating) sub-creglonal level repair facilities 1o cauipment and
personnel during a transition period of 2-3 years. The shifrinp of
responsibilities should be offecred pradually as and when enouth tools

and personnel become available at local and sub-resional levels.

Following discussions wirh the Warer Superiocendent and the Chief Vorks
Supervisors and approval by che Chlef Civil Enginecr (0O & M) the

following decentralization pactern is proposcd
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I - Northern Region

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

Mzimba

B - Karonza Maintenance Sub-Region
Karonga, Chitipa, Chilumba and Rhumphi

IT - Central Region

A - Lilongwe Maintenance Sub-Region
Likunil, Chitedze, Bunda, Dowa, Kochilira, Mchinji, Kabudula

and Lilongwe Airport.

B - 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.
III - Southern Sub-Region - Zomba -

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

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

C - Mangochi Maintenance Sub-Region
Mangochti, Hamvera and Monkey Bay

IV - Southern Region - Blantyre

A = Blantyre Malntenance Sub-Repion .
Mpewmba, Mikolougwe, Chiradzulu, Mwanza and Thyolo

B~ Naabu Maintenance Sub-Region
Neabu, Chikwawa, Nehalo and Nsanje

C -~ Mulanje Maintenance Sub-Region
Mulanje, Lucheaza, Huloza and Phalombe.

a total of nine Sub~-Regional Malntenance Centres have to be

Theretore,
facilities at Mzuzu, Lilonguwe, Zomba and

created or strenpthened. The existing
Blantyre will scerve as Regilonal/Sub-Repional Maintenance Contres.

3.0% TFollowing discussions with the Water Superintendents and Chiel Works
the Centuval and Southern Repions and approaval in

Supervisors at
Supply Oflicer and Chiel Civil Eogineer

principle by the Chrei Water
(O S M), maatenance of clectrical cquipment has

been tacluded 1n the
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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.

For a preventive maintenance programme to function efficiently,
technicians should be provided with the weans of doing the job at the
time it needs doing, the necessary instructions and technical
information, the spare parts and tools. Manufacturers malntenance
manuals, i1f available, should be kept at the plants. Spare parts lists
should be kept at Regional Offices, and are to be requested from the
manufacturers 1f not available.

It is now common practice to require the consulting engincering 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 enginecering services and covered by

their fees.

Transport (a complaint voiced at all plaats) plays an important role in
the 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, 1f possible, be earmarked for the preventive maintenance
programme and be well maintalned 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.

The preventive maintenance programme has been split in two sections, as
the nature of work and job skills vary viz (a) Buildings, structures and
cquipment and (b) ifain and distribution system pipelines and water
meters. So far the maintenance of pipelines has been given low priority
and wvater meter veconditioning and calibration hardly carried out. The
speedy detection of leaks through the preventive malntenance programme
and carrying out the necessary repairs should have the effect of
increasing the available supply - 1n some cases near plant capacity -
and represents to DLVW a considerable financial saving.

Design of the Preventive Maintenance Programne

Apart from the incowmplete informatiom collected under the Japanese Date
Book Project in 1982, no records exist of the structures and cquipment
i the warious water supplyv shemes. The mission, therefore, visiced all
the inscallations of the Central Region covered by the proposed
programme and made an invenctory of plant itews to be maintained.

An "Equipment Hiscory Card" has been developed and appears as Annex V.
The card pives all data velevane to maintenance work and the orvdering of
spave nacts Geake, type, sertal number, horsepower, speed, discharge,

| ' ’ VA ’ ’ 1 )

parts lists and aanafacturers’' maintendncge

ete.) as well as spare
sanuals, as available. On the back pape, the card also provides a record
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of all maintenance/repair work carried out and by whom as well as costs
of the maintenance/repair jobs. The card helps to monitor whether
preventive maintenance tasks have actually been performed. The cards
should be kept in a loose folder at the plant where the component is
installed and duplicates at the Regional Offices. Advance copies of the
Equipment 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.

A compilation and classification table for water supply schemes
(district and institutional) 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,
treatment, treated 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.

Based on Annex VI, an identification numbering system for plant
components in the Central Region was introduced and 1is given in Annex
VII. The identificaton number for each component is to be entered on 1its
Equipment History Card and will remain unchanged even 1f 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.

Following discussions with the staff at the Central Region and plant
operators, a Preventive Maintenance Schedule was developed based on
current practices and is given as Annex VIII. The Schedule shows the
tasks to be perforimed and their frequency-daily, weekly, monthly, ecctc.,
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 1s drawn up on the assumption of
a decentralized approach to preventive wmaintenance as discussed under
articles 3.03 and 3.04. Electrical machines and switchgear have been
tncluded as stated in arcicle 3.04.

[t should be pointed out that the tasks scheduled z2ad the degree of
decentralization is a 20al to be aimed at when resources 1n personnel
and ecauipment become available. It could be implemented 1n stages 1.co.
the Central Region performing the tasks of sub-regional level
responsibilities until facilities at the chosen sub-regional
maintenance/repailr centres are completed. Furthermore, the proposead
schedule could be scalad down initially uncil physical and financial

resources becowme available.

In view of the fact that the Central Regronal Office has the necessary
repair and transport tacilities Lo comnence a preventive malntenance
programae (as o sub-resioanal marntenance centre) for g trial period of

one venr withood watt ing for procuyement of cquoipnent or recruiting
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personnel (other than electricians), a yearly Work Plan for che 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 Regional 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 tean(s) shown on appropriate

maps.

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.

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 those emergency duties. They could, however, be employed on other
repair jobs at the Regional Office inbetween emergency repairs.

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 an 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 builc)
showing location of valves, hydrants, and service connections for ecach

zone to a suitahle scale.

Annex X gives a format for a compilation and classification sheet for
mains and distribution system pipelines and meters. An idencification
numbering syscem, slmilar to that used lor water treatment plants could
be introduced on the format given as Annex XI. The lengths of pipelines
for cach diameter should be given in aAnnex X with a view to determining
the time required for the mobile maintenance team(s) to carry out the

checks and vepairs detailed i1n Annex XIL.

industrial/commnercial and domestic

No serial numbers arve given to
the same account numbers could be used to

mesers, In the circumstances,
tdentify the meters installed. This will oot hinder draving up a
preventive azintenance programme. Tt 1s vecommended that meters are
removed for complete overhaul and calibration at the Regional Offices
once every 3 vears. A colouring system painted on the casing of cthe

merer could be introduced to itndicate the year 1t was overhauled and

when che ne=t overhanl 1s due.
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Annex XIII gives a format for a yearly Work Plan for a mobile team for
the maintenance of mains and distribution system pipelines and valves.
The team would consist of a patrol man, a plumber and two labourers. The
team 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.

Activities for routine inspection of pipelines and detection of leaks

will be better organized after setting up of a "Waste Control Section'
in DLVW and the acquisition of the necessary lealk detection equipment

under the Project described in Annex XILV.

In view of the large number of district and institutional schemes
operated and maintained by DLVW, the implementation of the preventive
maintenance programme and 1ts 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 priat-outs obtained at moanthly intervals. The
development of micro-computers 1s 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 Regilonal Offices.

Human Resources Requirements

The present staffing levels at the plants could be maintained as it
stands after the introduction of the preventive maintenance programne.
In view of shifting some maintenance tasks to Local Level (che plant) as
detalled in Annexes VIII and XII their skills have to be improved.
Training courses for plant operators and thelr syllibil have been given
in detail in Chapter V of the Report entitled "Training Programme for
Water Works Staff, 19383" by Mr. M. Roy, WHO/STC. Steps should be taken
to implement the training programme recommended by Hr. Roy as soon as
possible.

Th

R

e followving straffing pattern 1s suggested at the Reglonal and Sub-
egional levels, after having been discussed with the Chief Yater
upervisor, Cencral Regilon:

A. Regronal Worksnops

- One diesel engine mechanic,

- one assistant diesel engine mechanic,

- one pump ficter,

- ong assistant pump fitter,

- two welders (are welding and oxy-acetylene),
-~ two water mecer repairers (fitcers),

= Lwo asslstant water meter repairers,

- onc bricklayer,

- oone carpenter,

- one pailnder.



For cmergency breakdown repairs the following team is required:

- one diesel engine mechanic,
- one pump fitter,

- one plunmber,

- 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 palnter,

~ 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 recrultment is required, other than electricilans,
man the 3 proposed sub-regional wmaintenance centres. An upgrading of
skills is required at all levels in accordance with the training
progranme 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 malntenance/repair facilities

to

provided.

Estimates of Capital and Recurrent Costs

3.27 A. Capital Costs

The following table No. 1 gives details of equipment required to
introduce the proposed preventive maintenance programne in the Central

.
Region.

B. Recurrent Costs

3.23 There will be no additionral personnel (other than electricians) requived
to implement the preventive malntenance programme; rather a better
utilization of time ol existing scaff will result. A provision should be

made, ltowever, o Jeirvay subsistence gliowance for peregonacl on daty
they cannot return home at the eund of a working day. It is

SO no

travel when
to be noted that the Work Plan 1s based on a 5 day vorking week,
overtime is to be pard during week-ends.

3.29 Wapes lor elecericians (one electrician grade I and one electrician
for cach sub-regional maintenance centres) 1.e. a total of 4
Aoelecericians prade 1D for the Cencral Repioo.
about K 8100,

srade 1
clectricians prade 1 and
The ostimated cost per aonmma ol elecirtcians’ wages 1s
based on oan hourly rate of 560 for electrician prade T oand 35c fov

crade L working 42 1/7 honrs o week Tor 52 weeks a year,
by poavment s coreent by eade Lo MUS for

abonre 203 durrngg Y983)

x‘l(’\"lf'l\‘i.’ll\
Thiie v owirll obo [i.ll'(i.lll)’ ot i

A
matntainins clectrical machines (o sam o
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TABLEAL No. 1 - CAPITAL COSTS OF EQUIPMENT REQUIRED FOR THE CENTRAL REGION ’
DESCRIPTION UNIT PRICE TOTAL COST REMARKS
_____ K K

= Hecronal Office, Lilongwe Also acts as Sub-Repgional Maintenance Centr.
Plpe screwing machilne 3,200 3,200 To replace the existing machine out of ord:
Jarer Meter testing ond Calibration equipment - - To be transferred from Zomba stores.

- Tiree Sub-Regional Meiatenance Centres at
nasunpgu, Salima end Dedza
Driliing machine €00 1,800
Crindstone 400 1,200
Pipe screwing machine 3,200 9,600
sre Welding machine (transformer) 950 2,850
Gmw oaceoylene weldlng eguipment 1,550 4,650
Fuel injecter testing pump 400 1,600
sct of palnters brushes, ladders, ectc. 500 1,500
Sct of pricklavers tools 200 600
Ventele, 4WD plck-up with diesel engine fitted
wi1ih canopy and seats 20,000 60,000 Regional office has 2 pick~ups.
moter cycle (light type) for use by supervisors 1,400 4,200 Regional office has a motor cycle.
hicvele 400 6,800 For plant operators at all plants.

Four already exist.
Tool bo 500 5,500 To complete existing tool boxes at plants -
one tool box for every mobile team.!

107 Al 103,500

Jrnsicderaticn could be

.

U T

"

-
-

NOSUS.

given that DLV lends K400 to each operator at low interest rates to purchase own bicyle, repayable
Should this bu approved the total cost of equipment is reduced to K 96,700.

T
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Recurrent costs per annum for the 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 48,000

Total K 209, 100

It should be noted that the above annual recurrent costs for
implementing the preveative malntenance are not additional costs to what
1s 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
teplacements of costly items such as shafts impellers, etc. With a total
sales of water (Jan.-Dec. 83) of 1,646,495 cu. m, the recurrent costs
for all maintenance work per cu. meter sold is only about K 0.1l4
representing 30% of the average water rate of K 0.49.

Evaluation

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 but
upgrading of skills through the training programme recommended by

Mr. Roy.

After a trial period of one year during which the programme is fully
operative in the Central Region an evaluation of its effectivencss
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 leadquarters, who would
incerview plant operators as well as users.

Areas to be covered by the evaluation exercise would include: proportion
of components/systems which are functioning as intended, the recurring
operations and maintenance problems, adequacy of budgetary allocations
and programne support services (spare parts, transportation, repalr
facilities, etc), recurrent costs for implementing the programme and
consequently its cost effectiveness, suggestions for amendments/

1mprovements, etc.

Subsequent to the evaluation a decision could be reached to extend the

programme, as amended if necessary, to the other three regions of DLV
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REDUCTION AND CONTROL OF UNACCOUNTED - FOR WATER OBSERVATIONS

Observations

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
vater, there are indications that the percentage waste in DLVW water
supply systems has reached unacceptable levels.

There are no up-to-date maps of distribution systems showing the
location of pipelines, valves and service connectlons. Repairs of pipes
and joints are carried out when leakage manifests itself above ground
level. A proper inveantory 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.

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 to
pressures actually needed for adequate supply.

Overflow from service/storage reservoirs 1is suspected of causing
considerable waste. Although all of them are fitted with float operated
inlet valves, the mechanism could breakdown causing excessive waste
through the overflow pipes. Level gauges should be installed at all
reservolirs and preferably coupled with an overflow alavm system
(operating through telephona lines) cto alert plant operators when a
reservolr 1s overflowing. Pressure readings at the inlec pipes to
veservoirs should be taken and rvecorded over 24 hours, and pressure
reducing valves installed where necessary. This will prolong the period
between maintenance/repair of (loat oparated valves.

Tr wanld heln monitoriae the degree of wasce in the distribution svsoems
inscalled on the outpolng mains of treatment

1f bulk [low meters are
feeding

plancs and boreholes, the storage vesevrvoirs and on trunk mains
main zones. Regular readings of the bulk meters wili alerc the
discribution system personuel on zones, reservolrs, ctc. where excessive

1L?.’lli:l;"‘c/'\.'.’lsCC 15 [.’lk.ln)'_ pl.’lc«‘.
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There seems to be long stretches of 50 mm diameter galvanized iron
piping in use in various schemes. These are liable to corrosion, and
lecakage, 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 1s recommended. Service connections should also be
made 1n PVC tubing.

Domestic water meters are almost all of the positive displacement type
which 1s prone to stoppage due to particles of sand or iron from
corroded pipes. Consideration should be given to using the less
sensitive and easier to repair fan type water meters. They are also
cheaper. Furthermore, no calibration 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.

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 to pump an equal quantity from the intake
several hundred meters below.

Illegal connections do not seem to be a problem in Malawi, although they
contribute to a large proportion of unaccouncter-for water in many )
developing countries. However, effective vigilence should be exercised
to detect and prevent unauthorized connections, especially 1n premises
where the service was discontinued for nonpayment and householders are

tempted to reconnect illegally.

Leak detection and conctrol of waste is a specialized activity and the

lack of such personnel in DLVY should be redressed as discussed later in

articles 4.15 and 4.16.

Zomba Water Supply System

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 507. Many service reservoirs are difficult to reach and
hence less inspected; the float mechanisms in a few were defective
causing water to run Lo waste through the overflows. Excessive pressures
some. In 1933, 822,749 cu wmetres wvere

were noted at the inler of
loss of revenue of about K 4306,057.

unaccounted-for representing a

About 627 of the distribution system pipelines are in galvanized iron
and miche be contriburine to rhe larce amount of wasce.

The question of reduction and controel of wascte 1n Zomba Is vendered wore
urgent due to the near saturation of capacity of the treatment plant. In
October 1983, the hot peak period, the average daily production was 4700
representing 85% of plant capacity. Unless measures are taken (o

cu m.
Aaupmentation of capacity of the

veduce and control wasoe | o project ot

system has to be implemented,
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Waste in other water supply schemes of DLVW could well be of the same

wmagnitude as in Zomba. Leak detection and control of waste should be a
continuous activity and the cost of its introduction 1is justified.

Setting-up of a Waste Contcol Section

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.

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 enginecers and technicians in waste control
practices.

d - Aquision of equipment for leakage and waste surveys.

Leakage and waste surveys and training are to be carried out by a firm
of consulting "engincers to be retained by DLVW. The cost of the project
1s estimated at US & 334.400 in foreign exchange plus a Government
contribution in kind estimated at K 46.520.

To enable the Government to approach potential bilateral assistance
agencies, a draft Project Docuwment on UNDP format was prepared and 1is
attached as a self contained Annex XIV.



