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M A N A G E M E N T T E C H N I Q U E S TO OPTIMIZE R E P E T I T I V E
O P E R A T I O N S I N S M A L L W A T E R S U P P L Y SCHEMES

By C. F. PALMER. MSc, MIProdE

'; ABSTRACT

Two R U R A L water supply schemes are discussed, one in the Republic of Vanuatu ,
(formerly the 'New Hebrides), and one in Kenya, where the application of systems
analysis and sc%edulifig;^:g^i,ques assist management in the decision-making process.

By the introduct ion df 'Simple management techniques both water supply schemes
benefited through earl ier completion dates, reduction in costs and improved communica-
t ion involving .the public, local authori t ies , site staff and Government departments.

•\ I N T R O D U C T I O N
The first of two rural water supply projects to be discussed concerns the Republic of
Vanua tu (formerly, the New Hebrides), which comprises 'an archipelago of some 70
islands coverine a land area of 12 190 km 2 (4707 sq. miles). The islands range in size from
12 to 3600 km~ and have rugged mountainous interiors with narrow coastal strips where
most of the i nhab i t an t s dwell . In the census conducted in January 1979 the population was
1 1 1 250 of whom 90 per cent were New Hebrideans. The capital is Port Vila and the
currency is vain (SI = 100 vatu) .

In Vanuatu there are approximately 2300 villages in 782 localities. 80 per cent of the^
to t a l population liye.-ijs/^he rural areas and only 30 percent of these in 1982 had access to a
relatively safe '&>$( reliable' water supply system. The remaining 70 per cent obtained
water from rivers and streams by the use of various containers over varying distances, or
used mechanical pumps to obtain water from catchment areas. In some localities water
was obtained by gravity means from various sources. Most of these methods were not
hygienic and it was therefore necessary to develop a planned water supply scheme, so that
the whole population would have access to covered supply systems.

POLICY A N D OBJECTIVES
The policy vfas to provide a water supply system throughout Vanuatu and the target

period to do this was 10 years. 1981-90.
The object ives were two-fold: f i r s t ly , to increase the coverage of piped water supplies

throughout the Republic, and secondly, to upgrade the existing water supply systems,
which did not meet the basic standards regarding health and reliability.

The proposed water supply programme covering the 10 year period had targets set.
such that by 1982. 30 per cent of the rural population would have access to a covered
water supply, by 1983 — 37 per cent, 1984— 45 per cent. 1985 — 54 per cent, 1986 — 63 per
cent. 1987— 73'per cent, 1988—83 per cent. 1989—91 per cent and by 1990—100 per
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cent The estimated eost of the projects over the 10 year period was 463.5 million vatu or
US$4.63 million, By being included in the United Nations decade for drinking water
programme, the estimated cost would then be met both from international aid funds and
local funding, to ensure completion within the 10 year period.

The Ministry of Land, (Energy and Water Supply was responsible for water supply
policies, programmes and installation where villages had more than 50 inhabitants.
Where the population was less than 50, then the responsibility was undertaken by the
Lnvironmenlal Health Service (I/HIS). The HI IS, through Health Inspectors and Village
Sanitarians, became responsible therefore lor the less complex projects ami they cover 25
per cent of the rural water schemes put forward for evaluation.

l'i«mi I:MS AND PKOCKAMMI: IMIM.I-MI:NI A i ION

The target for 1983 (set at 37 per cent) was not met, with only 32 per cent being
achieved due to the following:

(til Lack D| finance within .1 reasonable period of time, ll was not unusual for a water project lo
commence lour years alter llie initial request was received from the local population. The
higher the cslimalcd costs the longer il might lake lo secure funding from local or aiil sources.
Aid liuuling is the most uncertain source, as the final decision to release funds lies wiih the
donor. Smaller scale projects coukl lie funded locally, hut they were in direct competition
with oilier department projects of national interest.

(hi The maintenance of existing piping, valves, pumps and communal laps presented a
continuous problem. The departments responsible had a small recurrent budget lor
administration and yel nothing lor repairs and maintenance. Due mainly to frustration, this
problem encouraged ihc local population lo put forward and apply for a new water supply
scheme A lurllicr, hut important, extension to the maintenance problem was thai the aid
Irom various sources had given the country a multiplicily of machinery, fittings and
equipment which already caused replacement problems through lack of standardi/.ation. This
problem was lorecasi lo increase for some lime to come unless checked.

((I 'I lie shortage ol technical stall resulted in projects awaiting engineering studies and surveys,
thus delaying any application for finance, whether local or international

(ill The management responsibility for rural water supply fell under three distinct administrative
sections, each responsible lo different heads within the government bureaucracy.

The Ministry of Land, Lncrgy and Water Supply provided technical assistance and
installed the water supply to villages with more than 5(1 inhabitants.
The Local (iovernmeiu then look on the responsibility for maintenance of the installed
water supply systems
The Liiviromncntal Health Service was responsible for the water supply and
maintenance needs lor villages with less than 30 residents.

Problems then arose through lack ol communication between departments and llie public,
who were oficn confused as lo who to contact , bolh regarding a supply scheme, either new or
lor modilicalion, and any maintenance. Figure I shows a diagrammatic presentation of the
basic policy, objectives and the responsibilities of the Ministry of Land, Lnergy anil Water
and the Lnvnonmenlal Health Service departments.

(>•) Although not Ircqucnl, a lurther serious source ol delay in some planned project installations
was llie claim of ownership ol a water fountain. These arc customary claims which arc
associated with owneiship ol land on which there is a water source. Kesislanee in allowing the
drawing ul water Irom the source may also be political, in the sense that the beneficiaries may
be affiliated lo a political party other than that with which the water claimant may associate
liimscll.

(l> ' there is a dependence on local labourers to assist in the projects, hut many were working
without linancial reward which caused discontentment and led lo projects lagging behind
Ungcls.
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Fig. 1. Basic policy, objectives and responsibilities for 10 year plan

Before proposing any methods to improve ways of keeping programmes lo approved
target levels and (o accelerate any financial support, the existing organizational system
concerning rural water supplies was analysed and this is shown in Fig. 2.

Box I indicates a request from the local population for a water supply scheme which
was usually in a primitive form and forwarded to the Ministry of Land, (Energy and Water
Supply, Box 2. The requests were then forwarded to the Water Supply Department, Box
(), a process which could lake from weeks to months. The Water Supply Department
woukl conduct a survey, Box ll), which in turn was presented hack lo the Ministry of
Land, linergy and Water Supply. The Development Commission, Box 3, would consider
the request with other development projects requiring funding. Should the estimated cost
be less than 50(XM)()0 valu and if it was approved, il would be pul out for local financing,
Box 5. Should the estimated cost be greater than 5000000 vatu then it would go forward
lo the National Planning Department, Box 6, for final approval via the Cabinet, Box 4.
An application for external finance would then be made, Box 7. All finance woukl he
co-ordinated through the Accountant General Department, Box 8.

There were no sel targets in the system for the assessment and approval of projects,
which caused delays running into months, thus affecting any applications for finance and
Ihc final ordering of materials.

|MI*I«>vi:i> Mi-:IIIOD.S

Although lor constitutional reasons it was not possible to alter the procedure and
system shown in Fig. 2, it was agreed that specific target dates at critical points through
the system would be agreed by consultation, on the production of a flow chart.

Afler considerable deliberation, an overall target of 7 months was agreed for small
projects involving local financial support and 12 months for those requiring aid from
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Fig. 2. Existing water supply organizational system
external sources. The agreed target dates were set out in a simple manner as shown in Fig.
!?. All parties realized the national crisis that was being faced through lack of
co-ordination and the length of time individual activities were taking. By adhering to the
targets set, it was agreed that up to 2 years could be saved in the commencement of rural
water supply projects.

Complementary to the How chart, it was considered necessary to have some form of
central control system for each water supply project, whatever its si/.e. An eight-stage
cycle was developed to ensure that control would he kept at each level. The cycle-
developed is shown in l;ig. 4. Items 1-4 were to be completed in the target times set out in
Tig. 3 and the actual implementation of each project, items 4-8, would be controlled by
well-tested management scheduling techniques.

A campaign would he launched to educate the population regarding the types of waler
schemes that were available, ranging from bore holes lo a pipe running through the centre
of a village with taps at various points, which are often adequate in many cases. Some
appreciation of basic costs for various water supply methods and assistance with standard
•procedures for the presentation of schemes for approval would be issued in literature and
visual form.

l-'or ihe first lime a special budget would be made available to local government for the
maintenance of any installed water supply system. Any major technical assistance
required by the local authority in the course of a breakdown would be provided by the
lincrgy and Water Supply Department Engineer.• - • ,,
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Fig. 3. Flow chart for setting targets

1—-Decide on objectives following the requests and needs for water supply.
2—Curry out survey and costing for the project.
3—Approval of cost estimate by the ministry concerned wilh waler supply in accordance wilh objectives.
4—Seek approval for funding from local and aid sources.
5 —Implement approved projects.
f>—Compare the progress of work to see how it (us wilh the programme planned.
7—Modify plan if necessary lo meet the changing circumstances during execution.
K—Measure progress lo see if it meets with Ihe sel objectives.

Fig. 4. Control for rural water supply projects
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l.'-lach project was to receive a Water Supply Team headed by a trained engineer, to
whom three supervisors would he responsible. The engineers would he mainly concerned
with survey work, ordering of materials and organizing transport from one island to
another, although in practice they could be involved with any problem arising.

This was to be the agreed system at the commencement of 1984, which would be
reviewed at the end o| that year.

UI-VILW or MI-TIK M>S
The shortfall in reaching the 1983 target of 37 per cent by such a huge figure of 5 per

cent meant thai pressure on the system to reach 4.S per cent of the population by the end
ol 1984 was considerable. In fact, 42 per cent was achieved. The organizational and
control systems proved sat isfactory and the well publicized targets were helpful at each
stage.

One major cause for not meeting targets was the process of obtaining funds from
abroad, as always with international organizations, but applications were being processed
more quickly as a result of the educational programme taking effect, for example:

(at Improved applications were being received with greater details and more realistic estimates.
</>) A t tempts to slaiidardi/c water systems were gradually being accepted where applicable.
It I Heller eommnnicalitin between villagers and (iovemmeiil authorities was being achieved.

I lowevei, it became obvious that other improvements in the system would be necessary
to achieve the targets set. The local population were still reluctant to participate in the
schemes, therefore rates of pay for the hours worked were agreed, resulting in an overall
improvement both in achieving completion times for individual activities and general
motivation.

It was easy to stale that each project would have an engineer qualified to supervise, but
projects were often held up through lack of qualified staff. The recruitment of engineers
had been neglected and those from abroad had not been replaced on completion of their
contracts. A planned training programme over a ten year period to train suitably qualified
engineers was commenced but a crash programme involving recruitment from the
Australian Army was already having an effect on morale.

It hail proved possible to obtain drilling rigs for boring water holes in specified areas
where villages were some distance away from the river, and this proved an additional
boost in meeting targets. Furthermore, a mobile force was set up which would make itself
available for any emergency call regarding maintenance and also projects falling behind
in implementation. A qualified engineer was contracted for this purpose.

A further improvement to the system was introduced in 1984, where projects estimated
to cost over 50()ll()0() vatu were reviewed, in an attempt to break the project up into
smaller units where possible, which would enable local funding to be utilized. This revised
system hail enabled projects to be commenced much earlier.

Evidence has shown that (he use of simple systems analysis and flow charts has been of
great assistance in presenting the problems to various authorities and giving visual targets
to be achieved.

K I - N Y A PROJI-CT

The second rural water supply project concerns Kenya. The approach to the
implementation of development projects in Kenya before and after independence in 1964
to 1983 was basically sectoral Dining this period, the planning, funding and
implementation hail been the responsibility of individual ministries, situated in the capital
Nairobi ;md represented in the Provinces and Districts by Field Officers.

MANAGKMI-NT Ol SMALL WATT-IK SUI'I'LY SCIILMHS

In I he new system, planning, funding and implementation would no longer be the
responsibility ol individual ministries or departments. In each ol the 41 districts a District
Development Committee (DDC), which hitherto had had few defined responsibilities,
would have the responsibility of planning, implementation, monitoring and recommenda-
tion for funding. This would apply lo all government anil development agency
programmes.

In the management of government programmes or projects, the DDC.' is expected to
observe existing (and amended) financial regulations regarding spending within the
budgets. For those DDCs showing slow progress in the implementation of projects the
central treasury would reduce allocations, resulting in the slow development of the
district. It is important for the DDCs not only to utilize the funds allocated but to show
the beneficiaries and the central government that projects have been completed to lime
and are in use. The DDCs' involvement in the management of development resulted in
the increased interest in, and use of, techniques or methods thai aided the decision
making process anil control of projects.

Tin-: Puom i M

The DDCs were undertaking the implementation of a water project in an administra-
tive division of a district in Northern Kenya, with a population of lOOOOU. The source of
water in the this semi-arid district was a series of boreholes.

As part of the National Master Water Programme, local consultants, who were familial
with the geology of the district, had put forward a report on the possibility of drilling bore
holes to find suitable drinking water. To enable a plan lo be developed so that target
dates could be obtained, the district water engineer drew up the various act iv i t ies that
would need to be undertaken, with a time schedule to each activity.

The local population (beneficiaries) were to assist in unskilled work on the project
which was in line with Government policy. The Government were also very concerned
about the completion date. Through the increased participation of the local population in
the implementation of development programmes it was envisaged that development
would increase at a faster pace, and that the beneficiaries would consider these projects as
the 'people's programme', rather than governmental, bureaucralically identified projects.
Many projects in the past had been implemented without careful consultation with the
local beneficiaries.

PKOILCI PLANNING AND |MIM.I-:MI-:NTATU>N

The first part of the project, which was the search for water, was agreed both from a
planning and cost point of view. The second stage involved identification of the main
activities for implementation of the plan to bring the supply of water lo the local
population, and costs

The Headquarters Project Division requested the District Water I'-ngineer to supply a
list of the main activities from design to completion, and duration limes. The costs would
be calculated and a final decision made as to whether the overall amount came willnn die
budgeted figure.

The list ol main activities and estimated duration limes was forwarded to 110, these
were as shown in Table I.

Lack of communication anil cohesion between the District Water lingineci and
Headquarters resulted in the project being rejected in the first instance due to cost.

The decision to reject the project was based on the estimated overall completion time
being 55 weeks at a cost of OI (MX). Much of this cost was for rented equipment etc., being
on site for this period of time. .»
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TAltl.K I. MAIOK ACTIVITIES IOK WATI-K I'KOJI-IT
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Ilie final conclusion was, that unless the overall time coukl he reduced by at least 25
per cent there was little likelihood that the decision would he reversed. It was agreed that
the District Water Engineer would produce a further plan within one week.

The District Water Engineer was near retiring age and although having had many years
of practical experience he had not been exposed to any modern planning methods. His
assistant, however, although lacking (he same experience, was conversant with such
planning techniques and was given the task ol presenting a plan within the time period,
alter consultation with the local population and other technical staff. Using the previous
table of activities and producing a column for ('receding Activity (Table II)' ("^ network
shown in I'ig. ^ was produced.

Network I'lanning was introduced here for the following reasons:
( 1 ) ll can assist in (he elicclivc and elliciein use «l resources swell as money, labour ami lime.
(2) ll can tlelcrniinc the earliest lime (lie project can Ix; completed.
(1) ll establishes which activities are critical ami non-critical, thus enabling the Engineer to see

(lie died ol any delay.
(4) In lliis instance, (lie required 25 per cent reduction in over-all time was achieved by the logical

^ planning ol activities
(5) It enables the engineer to control the project Irom stun to finish.
On receiving the plan within the stipulated 7 days it was decided, reluctantly so it

appeared, to reverse the decision. A further decision was also made, that unless the
project was completed in the stipulated 40 weeks, further funds would be withheld
in IVK4.

MANAGEMENT Ol SMALL WATEK SUPPLY SCHEMES

0
0

0

A

T#—
6

1

B

1

10

17

4

6

6

C 13
— »- 3

3 20

4
15

22

E

4
6

19

35

16

Dummy act ivi ty
Critical palli

LET: Furlicsl Event Time
LET: Liilest Event Time
E Event number

Fig. 5. Network for water project

R I : S I I I is
By concentrating on the critical activities, the District Water Engineer was not only

able to complete the second part of the project within the stipulated 40 weeks, but by
careful consultation with the local population it was possible to complete activity I)
(digging trenches) in 14 weeks. This was entirely due to the group working one extra hour
per day over the entire period. The project was completed in 38 weeks thus removing the
possibility of being penalixed tor further project work in the area, in IW4.

l-'inal costs lor the installation over the 38 week period were 114000, which was
acceptable within the budget limits.

CONCLUSIONS
In the application of any model or technique the improvement of the decision making

process is the key. The technique or method considered suitable tor this small project was
based on the use of Network Planning and Control. It was used as an aid, but not as a
substitute lor intuitive management.

Once the tacts of the project had been collected and analyxed it was the District
Engineer who made the final decision. He was able to see the implications of alternative
decisions and of using resources in a particular way.

In this instance, the Assistant District Water Engineer had the advantage of having
been trained in the area of Management Science and realized its potential.
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On the final completion of the project, the Headquarters' senior management were so
impressed with the outcome that a report was requested on the possibility of fu r the r
engineers being exposed to a specific training programme in the use of Management
Science to the smaller type project.
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