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I. 	 Introduction
 

On June 30, 1981, the United States Agency for International
 
Development (USAID) signed a grant for the Foundation for
 
the Peoples of the South Pacific (FSP) to provide partial
 
support for a one year rural water supply development project
 
in Tonga to improve the general well being of the Ha'apai
 
people through the provision of safe and adequate water
 
supply. The original aims of this project were:
 

a. 	 To develop rural water supply schemes by
 
building rain water catchments and well
 
pumping schemes;
 

b. 	 To improve existing water supply facilities
 
where needed so as to supplement the new
 
water supply schemes, and
 

c. 	 To improve the health and sanitation of the
 
Ha'apai people by providing a. and b..
 

The initial grant period was June 30, 1981 through December
 
31, 1982. This was amended on December 15, 1982 so as to
 
extend this project through February 28, 1983 with no
 
additional funds.
 

On February 27, 1983, this project was extended for an
 
additional two year period (March 1, 1983 through March 1,
 
1985) with a specific goal of providing 520 water tanks
 
of 1,000 gallon capacity each for individual living homes
 
in the Ha'apai Islands.
 

On January 30, 1985, a final grant modification extended
 
the term of the grant to May 31, 1985 with no additional
 
funds. The total amount of funding provided by USAID
 
under this three year grant was US$317,724.00.
 

FSP has conducted annual evaluations of this program
 
(September 1982 and January 1984). The present evaluation
 
was carried out from April 16 - 24, 1985 by David C. Wyler,
 
the FSP Tonga Country Director.
 

FSP invited the Tonga Government to participate in the
 
evaluation and they nominated Ms. Rosemary Dillon, the
 
Regional Development Advisor for the Central Planning
 
Department (for Ha'apai, Vava'u and the Niuas), Mr. Maka
 
Vaipuna, Building Maintenance Supervisor for the Ministry of
 
Works, and Mr. Sateki Telefoni, Public Health Officer of
 
the Ministry of Health. The FSP accountant/bookkeeper,
 
Mr. Maunaloa Taufahema, also joined this 5-member evaluationm
 
team.
 

http:US$317,724.00
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FSP wishes to express its gratitude to the various
 
Government departments for their willingness to participate

in this strenuous exercise. In an eight day period the
 
evaluation team visited 21 villages on 15 isl.ands. The
 
Tonga Defense Services' patrol boat, 'Ngahau Siliva', was
 
used to transport the evaluation team from Nuku'alofa to
 
the Ha'apai Islands and return.
 

The insights of these experienced government officials
 
were invaluable, their stamina was superb and the experience
 
was a learning one for all of the participants. The
 
evaluation was also an excellent opportunity to keep the
 
government informed of the FSP program as well as the
 
actual current living conditions of the many remote Ha'apai
 
islands.
 

The evaluation reports of the three government officials
 
are included in Appendices II, III and IV.
 

II. Administration
 

The FSP/USAID assisted Ha'apai Water Supply Project was
 
administered by the FSP Tonga Field Office in Nuku'alofa.
 
This office was formerly located in Room 218 of the Tungi
 
Arcade, but since July 1984 this office has been moved to
 
the top floor of the new Taumoepeau Building in central
 
Nuku'alofa.
 

The FSP Country Director in Tonga, David Wyler, is art
 
American who has lived in Tonga for nearly ten ycars 
six of these has been with FSP. He had also lived previously
 
for two years in Ha'apai. This gives him exceptional
 
qualifications.
 

He is in turn assisted by an excellent local staff consisting
 
of an Assistant Country Director, Seini Vakasiuola, an
 
Accountant/Bookkeeper, Maunaloa Taufahema and a Clerk/Typist,
 
Tukasi Pale.
 

The quantity and quality of work carried out by this staff
 
are excellent. Narrative reports are well done and up to
 
date. Project accounts are well kept. A complete record
 
of all expenditures and remaining project funds is available
 
at any time.
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III. Project Background
 

In 1979, the Peace Corps and the Government of Tonga, with
 
support from USAID's Accelerated Impact Program (AIP),
 
began a program to improve water supplies in the Ha'apai
 
Island group of Tonga. The program met serious administrative
 
difficulties and FSP, at the request of the Tonga Government
 
and UFAID, agreed to take it over. On June 30, 1981, FSP
 
negotiated a one year Operational Program Grant (OPG) from
 
USAID for the project with the approval of the Tonga
 
Government.
 

From the beginning this program has been a collaborative
 
effort between the Tonga Government (Ministries of Health
 
and Works), the Peace Corps and FSP. A Peace Corps Volunteer
 
was recruited and placed in Pangai, Ha'apai, under the
 
Ministry of Works to manage the project. He hired a crew of
 
4 MOW daily laborers to implement the project.
 

Because the Ha'apai Islands are very small and have very
 
limited fresh ground water supplies, they must rely almost
 
entirely on rain water for their supply of freshwater. The
 
initial goals of this project were to construct one well
water pumping system in the village of Fangale'ounga (Foa
 
Island), and for the remaining villages 5,000 gallon capacity
 
ferro-cement water tanks were to be constructed as well as
 
adjacent roof catchment areas in order to fill them.
 

This plan, however, was totally revised in 1982 when
 
Cyclone Isaac devastated Tonga, and particularly the Ha'apai
 
Islands where nearly 90% of the buildings were damaged or
 
totally destroyed. Up until this time, only the pumping
 
system in Fangale'ounga had been started to be implemented.
 

As a direct result of this cyclone, FSP and the Tonga
 
Government proposed a two-year extension of this grant in
 
March 1983 which called for the construction of 520 1,000
 
gallon capacity water tanks which would be placed on private
 
individual living houses. This project would coincide
 
with the Tonga Government's hurricane housing reconstruction
 
program which would construct approximately 700 new living
 
houses in the Ha'apai Islands.
 

Because a serious drought immediately followed the cyc]u ne 
for approximately 8 - 9 months, it was decided to construct 
metal tanks (Lysaught's zincalume type) because they coutd 
be built much quicker than the traditional ferro-cement 
tanks.
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When FSP and the Tonga Government (Central Planning
 
Department) conducted an annual evaluation in January 1,
 
1984, they found an unusually large number of these metal
 
tanks leaking and that there was little community
 
participation in the implementation of this project. As
 
a result, they recommended that ferro-cement water tanks
 
be built and that the villagers should become actively
 
involved in this activity. In April 1984, the Niuola
 
Women in Development Association of Fua'amotu Village
 
(Tongatapu), a non-government women's development
 
organization, began training Ha'apai villagers in the
 
construction of 2,250 gallon capacit-v ferro-cement wat.-r
 
tanks as the major element of this iroject.
 

In 1983 and 1984, the Peace Corps Manager and his M.O.W.
 
crew tried out the construction of WHO designed 1,000 gallon

capacity modular (square) ferro-cement tanks, but these
 
proved to be too expensive and inappropriate for use in the
 
Ha'apai Islards and so this activity was terminated
 
immediately.
 

IV. Goals
 

The specific goal of this project is to increase the fresh
 
water tank storage capacity in the Ha'apai Islands by

520,000 gallons by constructing 520 water tanks of 1,000
 
gallon capacity each.
 

In actual fact, 786 water tanks have been constructed with a
 
total water holding capacity of 1, 421, 250 gallons by this
 
project. The evaluation team surveyed 776 of these tanks.
 
It is obvious that this project has overwhelmingly
 
exceeded these goalg.
 

The location of these tanks can be found in Appendix I.
 

V. Baseline Data
 

The following data summarize what has been accomplished to
 

date by this project (1981-1985): 

- Number of Villages Assisted 22 

- Estimated Population Served' 5,600 

- Number of Roof Catchment Areas Constructed 10(585,y!) 
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- Number of Zincalume Tanks Constructed 
 297
 

- Number of Niuola Ferro-Cement Tanks 
 473
 
Constructed
 

- Number of W.H.O. Ferro-Cement Tanks 
 5
 
Constructed
 

- Number of 5,000 Gallon Ferro-Cement Tanks 11
 
Constructed
 

- Number of Village Well-Pumping Systems 1
 
Constructed
 

- Total Capacity of Tanks Constructed 1,421,250
 

- Additional Water Storage Capacity 
 462,000 gallons
 
Rehabilitated2
 

- Additional Roof Catchment Structures 
 21
 
Rehabilitated2 (420m 2 )
 

1. 	 Based on the Tonga Government's 1984
 
Mini-Census of population
 

2. 	 Denotes repair work completed to structures
 
which were damaged by Cyclone Isaac in
 
March 1982. All other statistics are not
 
related to cyclone rehabilitation work, but
 
to the project itself.
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V. Evaluation
 

The 5-memter survey (evaluation) team visited the la'apai

Islands during the time period April 16 - 24, 
1985 (see

Appendix V). The town officers of each village / island
 
met and greatly assisted the survey team in its effort
 
by taking us to each tank on each of their respective

villages. This was arranged previously by the MOH with
 
messages announced over the local radio station. 
 It should
 
also be noted that sufficient rain had been received by

all of the islands visited in February, March and April
 
so that if the tanks had had no leaks, they most likely

would have been found full or close to full. 776 of the
 
total 786 tanks constructed by this project were visited.
 
Hence, this was a very thorough survey of the work
 
completed by this project. The findings of this survey
 
can be found in Appendix I, and will be the basis of the
 
following discussions. In almost every case, the tank
 
owners were consulted by the survey team on the performance

and condition of their tanks and guttering which proved
 
very beneficial to the team.
 

It should also be ncted here that a sixth person joined

the survey for two days. Mr. Lloyd Belz, a W.H.O. Sanitary

Engineer, joined the team on April 20th and 21st specifically
 
to look at the Niuola ferro-cement tanks as well as the
 
zincalume tanks from an engineering point of view. He
 
inspected about 120 of the Niuola tanks in 
'Uiha and Felemea
 
villages and a few zincalume tanks in Pangai. His report
 
and recommendations can be found in Appendix VI. His
 
contribution to the survey was believed, by all of the
 
survey team members, to be very helpful and most appreciated.
 

Zincalume Tanks 
- Of the 297 zincalu!ne tanks constructed,
 
289 were surveyed. Only 8 tanks on the very remote island
 
of Tofua were not seen. This was due primarily to the
 
lack of time available with the patrol boat used for the
 
survey and its concurrent excessive cost that would have
 
been incurred.
 

These tanks were constructed by a 5-man M.O.W. work crew
 
under the supervision of two Peace Corps Volunteers and one
 
British VSO volunteer during the time period June 1983
 
through February 1985. 237, or 80%, of these tanks were
 
found to be leaking. The majority of these leaks could be
 
termed minor and were found in the middle and bottom seams.
 
103 tanks, or 26%, were full or mote, 186 tanks, or 74%,
 
were less than full of water. 22 tanks, or 9%, were
 
completely empty. 
With 266 tanks, or 90%, completely
 
guttered, it must be assumed that the workmanship was
 
substandard.
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Some factors most likely contri
 
workmanship were 1) improper training of the M.O.W. work
 
crew by the zincalume tank suppliers, Lysaught's of
 
Nausori, Fiji, and 2) pcor supervision of the M.O.W.
 
work crew by the volunteer project managers. In June
 
1983, a plumber from Lysaught's Fiji came to Ha'apai to
 
train the M.O.W. work crew. They were instructed to use
 
3 tubes of mastic sealant on each tank with one of these on
 
the outside seams. The crew eventually increased the amount
 
of sealant to 5 tubes for each tank with one of these on
 
the inside seams. This proved to cut down tremendously on
 
the bad leaking found in the January 1984 evaluation. The
 
second PCV Project Manager (September 1983 - February 1984)
 
rarely accompanied his work crew to supervise the on-ite
 
construction of these tanks and so it is assumed Lhat iesq
 
care and attention was given to the tanks constructed
 
during this time period. Hence, the present leaks could
 
be due to improper riveting, insufficient sealant applied
 
during construction, or a combination of the two.
 

It seemed that the full tanks showed more leaks than the
 
tanks that were less than full. Most of the tank owners
 
confirmed this by stating that when the tanks reached the
 

full mark, the leaks pretty much subsided and the water
 
level held steady.
 

The approximate average cost to construct one zincalume
 
tank was T$290.00. This includes materials, labor and
 
freight, and does not include the local villacers' con
tributions nor guttering.
 

Niuola Ferro-Cement Tanks - Of the 473 Niuola Ferro-Cement
 
tanks constructed, 471 were surveyed. Only 2 tanks on the
 
island of 'Uiha were unable to be seen due to the lack of
 
time available on the day 'Uiha and Felemea villages were
 
surveyed. These two tanks were also located far away
 
from these two villages.
 

These tanks were constructed by the tank (home) owners,
 
or villagers, themselves under the supervision of a work
 
crew from the Niuola Women in Development Association
 
during the time period April 1984 through March 1985. This
 
was an impressive accomplishment in itself in that 473
 
tanks of 2,250 gallon capacity were constructed in less than
 
11 months.
 

Basicdlly, Niuola (its supervisory crews varied in number
 
from 8 to 14) would organize a village and conduct an initial
 
training program where one or two tanks would be constructed
 

http:T$290.00
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by the villagers. Then each home would be given the
 
necessary materials (ie, cement, wire, forms, etc.) to
 
construct their own tanks. 
 The Niuola supervisory crews
 
were actually Ha'apai people trained by Niuola staff from
 
Tongatapu. They would then be present in each village to
 
supervise the construction of the tanks.
 

382 tanks, or 81%, were found to be leaking. Again, the
 
majority of these leaks could be termed minor and were
 
found as vertical cracks on the lower half of the tanks
 
and bottom leaks. The tanks that leaked badly leaked on
 
the bottom. Many of the side leaks were found to have
 
sealed themselves as these tanks are designed to do. 
 164
 
tanks, or 35%, 
wecre full or more, 308 tanks, or 65%,
 
were less than full of water. 35 tanks, or 7%, were
 
completely empty.
 

It is believed by the Evaluator that the workmanship was
 
generally quite good in the construction of these tanks,
 
but that the leaks are caused by a combination of lack
 
of sufficient building materials and poor construction
 
design. 
Each tank was built with 7 bags of cement with
 
the walls constructed first, the floor next and the top,
 
or cover, built last. 
 One tank floor closely inspected

by the W.H.O. engineer was found to be less than inch in
 
thickness and with no plastic (polythene) moisture barrier
 
placed under it. This is believed to be the major problem

with these tanks. A plastic moisture barrier must be
 
placed under every tank to prevent the loss of moisture
 
from the cement floor. Almost every tank is built on 
a
 
sandy soil base which intensifies the loss of moisture from
 
the cement. Also, it is believed that approximately 10 to
 
11 bags of cement should have been used to thicken the
 
floors and walls and hence reduce the leaking. Two tanks
 
were surveyed, one in Pukotala and one in Ha'ano, where
 
11 bags of cement were used in the construction of this
 
tank type, and these tanks were found to be full of water to
 
the top and with no leaks, which, the Evaluator believes,
 
proves this point.
 

It was also observed that many of these tanks did not have
 
proper covers, or lids, on them and many did not have
 
water taps. This creates the situation where water must
 
be dipped out from the top opening and allows for the
 
probable and eventual contamination of the water inside.
 
These tanks should be completely closed off so that foreign

debris cannot enter as well as mosquitoes, and taps be
 
utilized for the drawing of water. 
Much of this problem
 
was found on 
tanks which were built next to houses with
 
very low roofs which necessitated the construction of the
 
tanks underground.
 



One final factor that did contribute to the leaking problem
 
was that many of the tanks were built during a water (rain)
 
shortage in Ha'apai, and, hence, the tanks did not cure
 
properly. This caused the cement to crack and when rain
 
eventually collected in these tanks, it leaked out
 
immediately
 

The approximate average cost to construct one Niuola
 
ferro-cement was T$160.00 which included materials, labor
 
and freight, and does not include a substantial local
 
village contribution nor the guttering.
 

W.H.O. Ferro-Cement Tanks - Only 5 tanks of this type were
 
constructed in this project, and all of these were surveyed.
 

The W.H.O. designed modular (square) ferro-cement tank is
 
a 1,000 gallon capacity tank that was constructed as an
 
experiment by this project. Basically, these tanks are
 
constructed by prefabricating one inch thick ferro-cement
 
slabs that are approximately five feet long and five feet
 
wide. These are prepared at a central site and then
 
shipped to the tank locations and then joined together
 
(ie, six slabs are joined to make one tank). The slabs
 
are made on forms that have hundreds of criss-crossing
 
high tensile steel wires attached to the forms, then the
 
cement is poured over the steel, steel fibre is then
 
sprinkled all over the slab, and then this mixture is
 
vibrated (electrically) until a compact cement slab is
 
formed. These slabs are then let to cure for about 2
 
weeks before being transported to the tank sites for
 
construction. Each slab weighs approximately 80 - 100
 
pounds, and are veiy awkward to handle because of their size,
 
weight and the hundreds of ends of the high tensile steel
 
sticking out about 4 inches on all four sides.
 

This type of tank is very inappropiate3 for use (ie, for
 
constructing) in Ha'apai. First, it needs sophisticated
 
equipment - a vibrating table, imported high tensile steel
 
and steel fibre, and specially made slab forms that can
 
hold the high tensile steel. Second, making the slabs
 
in Pangai was no problem but transporting these heavy
 
awkward items to the outer islands was and remains so.
 
Third, more than one supervisor is needed to effectively
 
construct these tanks - one for the slab production and
 
at least one on site to put the slabs together. Also, a
 
minimum of two 4-man crews are needed to run both operations
 
simultaneously. The result is a very high overhead. It is
 
estimated that the total cost to produce one of these tanks
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is in excess of T$300.00. Plus, there is little to no
 
participation by the recipients, or tank owners, in their
 
construction. Because of these factors, the construction
 
of this tank type was terminated almost as fast as it
 
began. They were built by the MOW work crew in 1983 and
 
1984.
 

All five tanks surveyed leaked on the bottom joints and
 
a few on the sides. One tank was full and four were less
 
than full of water. 2 were completely empty. The latter
 
two were empty because of high use - they serve approximately

20 households in an area of Pangai that has no running
 
water or wells.
 

5,000 Gallon Ferro-Cement Tanks - Only eleven tanks of this
 
type were constructed, and these were all surveyed. This
 
tank was the original tank type that was going to be
 
constructed in every island / village under the original
 
program proposal. These tanks were constructed by the
 
MOW work crew during the time period October 1981 through

May 1983, prior to the construction of the zincalume tanks.
 
Along with these tanks were built ten (10) roof catchment
 
areas which are 
used to catch rain to fill the tanks. These
 
were also surveyed by the team anH1 were found to be in
 
excellent condition and fully guttered.
 

Five of the eleven tanks had no leaks, or 45%, while the
 
remaining six, or 55%, were found leaking. These leaks
 
were mostly from side cracks and one tap. Nine tanks, or
 
82%, were completely full, one was full and one less
 
than full. These tanks are located in villages that
 
received either zincalume or Niuola ferro-cement tanks, and
 
hence, was the reason for the nine full tanks. 
 The people
 
are using their own home tanks and not the larger community

tanks. In fact, this is the situation the survey team
 
found in every village visited - while people used their
 
own individual home tanks, the community tanks were able to
 
collect rain and remain full. Every village visited had
 
at least one government community tank of at least 10,000
 
gallon capacity. This situation will prove extremely

beneficial during drought situations which are often
 
experienced in Ha'apai for periods of up to 5 or 6 months
 
at times. The villages now have a reserve water supply

from what used to be their primary fresh water source.
 

http:T$300.00
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Guttering - Guttering was provided for every tank constructed
 
in this project. The guttering was provided for by UNICEF
 
and consisted primarily of 2 gutters, 1 downpipe, 1 rainhead
 
gutter, 2 stopends, 1 joint, 5 brackets and 2 bends. Some
 
houses (tanks) had a little more, and some less.
 

Overall, the survey team found 620 tanks, or 79%,completely
 
guttered, 156 tanks with incomplete guttering, or 20%, and
 
10 tanks, or 1%, not sure. The majority of the incomplete
 
gutterings found a shortage of either stopends, brackets,
 
joints or bends, or a combination of these.
 

Another observation was that in many cases the houses did
 
not have a sufficient surface (facia board) to hang the
 
guttering from and so the guttering was either improperly
 
hung or was hanging very precariously from the edge of
 
the roof. Also, in most cases there was a shortage of
 
brackets which connect the gutters to the houses. There
 
is a great need to improve the existing guttering by
 
training the tank owners in hanging the guttering
 
properly.
 

Another observation made by the survey team was that most
 
tanks were improperly covered. Many tanks had no lids
 
at all over their small openings (usually 18" x 18")
 
from which water is dipped from, or they had scrap pieces
 
of iron or wood placed over them. In addition, many tanks
 
had no protective sieve between the downpipe and tank to
 
screen out foreign debris washed into the tank from the
 
gutters during rainy periods. This is another area
 
that needs to be dealt with to improve the overall quality
 
of the water tanks in Ha'apai.
 

Pumping System - One pumping system was constructed by this
 
project in the village of Fangale'ounga (Foa Island). It
 
was built by the MOW work crew during the time period
 
December 1981 through September 1982. A 15 foot deep well
 
was dug by hand by villagers about mile from the village.
 
A 3 h.p. diesel motor and pump was installed at the well
 
site which pumps ground water to a 3,000 gallon metal
 
tank (also provided by UNICEF) standing on a 22' cnncrete
 
tank stanC in the village. 10 taps were provided through
out the village with one additional tap having been put in
 
since its original construction.
 

An eleven member village water committee has been established
 
to administer and operate this system. Each family pays
 
T$1.00 per month for use of this system (ie, its operation
 
and maintenance). Some families are very poor and have
 



12
 

been delinquent with their payments, and so the village
 
has run fund-raising events (eg, kava clubs, dances,
 
etc.) to raise funds to assist these needy ones. There
 
has been no mechanical problems to date with the pump
 
or diesel motor. One 44 gallon drum of diesel fuel
 
lasts approximately 5 to 6 months and so is very

efficient. One villager is in charge of the motor and
 
pump, and one other is in charge of collecting the
 
monthly payments. There is an excess of T$120.00 in the
 
committee's bank book at present! The system is working
 
very well in this small village.
 

However, one minor problem that has developed since its
 
construction is that the well is now producing water that
 
is slightly brackish. The evaluation team was unable to
 
establish whether the well is being overpumped or that the
 
entire water lens under Foa Island is being dcpletcd

(2 other villages have pumping systems on Foa as well).
 
Approximately 2,000 gallons of water is pumped (ie, used)
 
daily by the village of 218 people with much of this being
 
used for agricultural purposes.
 

VII. Summary and Recommendations
 

Summary - 786 water tanks and one pumping system were
 
constructed by this project over a 3 year time period.

Approximately 5,600 people in 22 villages on 16 islands
 
have benefitted directly from this project. Hence, the
 
cost-benefit ratio for this project was US$56.74 per

beneficiary. Even though 80% of the total tanks constructed
 
are leaking and 20% of the guttering is incomplete, it was
 
quite evident to the Evaluator and the survey team that
 
the fresh water supply in the Ha'apai Island group ha'3 been
 
tremendously improved and, as a reult, the health and
 
sanitation of the Ha'apai people hs been improved as well.
 
The villages and people in general wer- much more tidy
 
and clean in 1985 than 'hey were in L981. This can be
 
attributed, I believe, directly to two factors - 1) the
 
new living houses built under the Hurricane Housing Program,
 
and 2) the increase in availability of fresh water sudplies
 
provided by the FSP Ha'apai Water Supply Project.
 

Also, what started out as a basic construction project
 
ended up as a very real village-oriented development
 
project. In the last year of the project 473 ferro-cement
 
water tanks were constructed by 473 families, or by the
 
villagers themselves.
 

http:US$56.74
http:T$120.00
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This project, however, is only one step in assisting

the Ha'apai islanders in becoming more self-sufficient
 
in the supply of fresh water as well as improving their
 
health and sanitation. More can and needs to be done,

and the following recommendations provide an avenue for
 
the further improvegment of the existing fresh water supply
 
in Ha'apai.
 

Recommendations - The Evaluator, after consultations with
 
the CPD, MOW, MOH,and the WHO encineer, would make the
 
following recommendations:
 

1. 	 That this project be extended for a minimum
 
period of one year so as to repair the leaking

zincalume and Niuola ferro-cment tanks so thit
 
they would be as near 1007 water tight as possible.
 

2. 	 In the process of repairing these tanks, the
 
villagers, or tank owners, be trained in the
 
repair of these tanks.
 

3. 	 Coinciding with the repair of the tanks, an
 
effort should be made to upgrade the current
 
condition of the guttering connected to these
 
tanks. This effort would, obviously, include
 
the training of the villagers, or tank owners,

in the proper methods of installing the guttering
 
on their homes.
 

4. 	 That all of the water tanks be provided with
 
water taps and be made mosquito / foreign debris
 
proof. Again, training the tank owners in this
 
activity would be an integral part of this effort.
 

5. 	 That the Ministry of Health make more of an
 
effort, possibly through the use of the radio, in
 
providing information to the owners of water tanks
 
in the proper maintenance and use of water tanks.
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Page 1 

Findings of the Ha'apai Water Supply Project Survey: 

1. Tanks Built (Total) - 786 (TOTAL CAPACITY - 1,421,250 (J13JS) 

2. Tanks Surveyed (Total) - 776 (TOTAL CAPACITY - 1,408,750 (VULJi,;) 

- 8 zincalune tanks on Tofua Island not seen
 
- 1 Niuola tank on Tatafa island not seen ('Uiha)
 
- 1 Niuola tank on 'Uiha Gov't. Primary School not seen (Felcmoa)
 

3. Date of Survey - April 16 - 24, 1985 

4. Total Zincalune Tanks Surveyed - 289 (289,000 Callons Capacity) 

Mango - 61 Matuku - 21 
Fonoifua - 20 Fotuha'a - 20 
Ncnuka - 100 Lofanga - 50 
'O'ua - 24 Pangai - 4 
Kotu - 34 

5. 	Total Niuola Ferro-Cement Tanks Surveyed - 471 (1,059,750 GALLONS 
CAPACIIY) 

Ha'afeva - 61 Pukota].a - 20 
Tungua - 58 Ha'ano - 41 
'Uiha - 82 Muitoa - 18 
Mo'unga'one - 33 Koulo 	 - 36
 
Felenea - 61 Holopeka - 28 
Fakakakai - 34 

6. Total W.H.O. Ferro-Cement Tanks Surveyed - 5 (5,000 Gallons Capacity) 

Holopeka - 1 
Pangai - 4 

7. Total 5,000 Gallon Ferro-Cement Tanks surveyed - 11 (55,000 Ga1loins 
Capacity) 

Fotuha'a - 1 Ha'ano - 2 
Mo' unga'one - 1 Muitoa - 2 
Fakakakai - 2 Pangai - 1 
Pukotala - 2 

8. Gutterin - Ccmplete (%) Incomplete (%) Not Total (100%)Sure (%) 

Zincalume 266 (90%) 23 ( 8%) 8 (2%) 297
 
Niuola 338 (72%) 133 (28%) 2 ( - ) 473
 
W.H.O. 5 (100%) 0 0 5
 
5,000 F.C. 11 (100%) 0 0 11
 

TOALS 	 620 (79%) 156 (20%) 10 ( 1%) 786 (100%) 
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9. Leaking - No (%) Yes (%) Not Sure (%) Total (100) 

Zincalume 
Niuola 
W.H.O. 

44 
51 

0 

(15%) 
(11%) 

237 (80%) 
382 (81%) 

5 (100%) 

16 
40 
0 

(5%) 
(8%) 

297 
473 

5 
5,000 F.C. 5 (45%) 6 (55%) 0 11 

TOTALS 100 (13%) 630 (80%) 56 (7%) 786 (1002) 

10. Water Levels- Full-3/4(%) 3/4-(%) -(%) -Bripty(%) Ccuplete. Not 
Ep t Sure 

Zincalume 
Niuola 
W.H.O. 

42 
76 
1 

(14%) 
(16%) 
(20%) 

61 
88 

0 

(12%) 86(29%) 
(19%) 101(21%) 

0 

100 (34%) 
207 (44%) 

4 (80%) 

22 
35 
2 

(9%) 
(7%) 

(40%) 

8 (37,) 
2(
0 

5,000 F.C. 9 (82%) 0 1(9%) 1 (9%) 0 0 

TOMLS 128 (16%) 149 (19%) 188(24%) 311 (40%) 59 (8%) 10(1%) 

NOTES ON SURVEY FINDINGS: 

1. 	These statistics were collected and compiled by the 5
 
member survey team.
 

2. 	The information provided for in1 items 4 through 7 gives
 
the names of the villages and the total number of tanks
 
built in these villages by this project.
 

3. 	Item 8 - Guttering: Complete means that each of these
 
tanks (hence, houses) have at ]hast 2 gutters, 1 down
pipe, 1 rainhead gutter, 2 joints, 5 brackets and 2
 
stop ends connected to them. Incomplete means that
 
either one or more of these items were missing or that
 
they were not yet connected. Not sure are the 10 tanks
 
not seen by the survey team.
 

4. 	Item 9 - Leaking: No means that these tanks had no leaks
 
when surveyed by the 5-member team. They may or may not
 
have been patched, however, by the tank owners. Yes means
 
that either the tanks were seen leaking by the survey team
 
or that the tanks were near empty after heavy rains
 
indicating bad leakage. Not sure includes the 10 tanks
 
not surveyed, tanks with no guttering connected to them
 
yet, and tanks that had insufficient roof catchment areas,
 
some water and no visible leaks.
 

5. 	Item 10 - Water Levels: The completely Empty figures are 
also included as part of the -Empty figures. Not sure 
are the 10 tanks not surveyed. / 
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CENTRAL PLANNING DEPAxaTMIEN1 
Cable: "CEPLAN" 'hone: 21-366 

P.O. Box 827 JVucu'alofd 7'ona 

Our Ref: 39/4/1 -L-385 

15 May 1985 

Mr D 1Iylcr
Country Director 
 I 1'tt'' 'l' 
F. S. P. 

Dear David
 

Please find attached a copy of my report cn the review 

of the IIa'apai Water Supply project conducted from the 

16-24 April 1985. Apologies for the delay in submission. 

Y1ours sincerely
 

r
z 
..r Rosemary TnilLon 0 " r 

i:..~
,,J
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APPENDIX IIEVALU.TION R PORT: HA'APAI WATER SUPPLY PROJECT (US AID). 

IUT0OUIC"TIO 

A field survey and evaluation of the IIa'apai 
 later tan:construction project was conducted fromho 16-24
1985. or April,
This project was funded throuej
administered by the F.S.P. 
a US AID Grant
 

The specific goal of the project
was to increase the fresh w'iter t'lnk storage capacij. in
the Ha'apai islands by 520,000 gallons. This wa, to be
achieved throu-h the construction of at least 520 wate 
 tanka
of 1,000 gallon capacity by March 1, 1985. 
 PJepresentattves
from the F.S.P., the Ministry of Health, the 
!inisfry of 'orkn
and Central Planning Department participated in the field

evaluation.
 

A total of 777 tanks were 
,;urveyed. 
 This included 289
1,000 rallon zincalumn 
tanks, 472 2,250 gallon Hiuola Ferrocement tanks, 5 W.H.O. modular ferro-cement tanks and 11
5,000 gallon ferro-cem3nt community tanks.
 

The aim of the 
survey was to assess the effectiveness and
success of the project in meeting it's goals.
 

All the inJlabited islands of the Ha'apai group were Visited
in the coor-e of the evaluation, with the exception of
Tofua. 
Good use was made of the Tongan Defvnse Servises
vessel - the 
'Silver Arrow'. 
 By using tfiis vessel it was
pos:;ible for the evaluation team to move r:'latively qtickly
from island to Island. Appendix 1
followod outlines the schedule Pf
in termsf islands visited and number/type of tanks
surveyed.
 

fBAullA"KOUJ.D
 

The 
1luatapai region consists of 55 widely dispersed islands,
16 of which are ilhabi!ed. Th inhabited islands r1nge in
size from 0.33 km 
 to 55.63 kmn 
 In 1976 ap-rogim-te 12.
of the .ngloms population w.s residing in 
Ia'apai.
 

The I1a'apai reople arc largely dependent upon rain w".ter and
hai'd du: wells for their fresh water sup! lies. 
Rainwator
atchmeis and tanks however, have not been adequately
develops.d 
to meet the water requirements of tlv people. Tonga
is also prone to droughts. In ad]ition some
in the roup are or the islrindo
completely dependent on rain water, with 
their
ground water being either brackish or -))acces.7ible.
 

The Ha'npai water supply project w~s developed
ur'ent vocrls to meet theof the Tla'apai people for improved water supply.
Initial ernrh'-isis 

5,000 ,rllon 

of the project was an the construc ion offerro-cement comnunity water tanks and catchments tructuxeo. 

This was subsequertly changed to the cor.-tructionprivate 'wewllil'gs followidg the impact of flurriv ne 
of tanks on 

Isaac
whirlh d vastated hIa'apai in MJarch 1982 and 
a proIol.-ed

drol- it which followdd T .
 



vas th:it on 
hollsehoIds would more effectively meet the needs of the 
Ila'apai people and increase water storage capacity. Larger 
corpni ty" tanks/catchments were felt to be more prone to 

lack of maintenance an, cyclone damage. Construction of t,-nks
o1 private householIs was able to make use of newly constructed 
hu'rid'ne house roofs not dlam'ged by Isaac. Funds that 
would Ivive been used to construct comunity catch-ment 

T w felt constructionof smaller tanks private 

SluCture's were able to be used to build a&itional tanks. 

Intialy -incnlume crated metal !anks were constructed on 
pr v-,te d\/elli-igs under the project. These tanks with a 

,c'iptcwil of 1,000 gallons consist of curved segmentqjof 
;in, 'riTe cr-ited corrurated sheet metal vi.hich are rivetted 

to elv-r, with a mastic seal applied in betw',een the rivetted 
i" 'im-rs I,o revent water leaking. The company manuf:cturing 
Ui,o;e tanls (Lysan Iits), sent over a trainer to demonstrate 
h,,-. the Larks should be constructed. An AO'1.W. work crew, 
viorhii,- under the supervision of a Peace. Corps Supervisor 
s,1l)sequcni]y commenced construction of these tanks in I1a'apai. 
Th, t-nkr, were found to leak. An inspection of' the leaking
tanks was m-de by a representative from Lysaughts and it 
wa.3 felt that the t-inks were leaking due to insuflicient 
masic having he' applied to the reams. Initially the M..O.W. 
vork crevw had been advissd to use 3 tubes of rwistic per tank. 
It was felt that this should be increased to five. Two h 
hundred 2nd twenty additional tubes of mastic seal were 
provide] ly Tysarvihtn an1 used to re(pair tanks in 
January 1984 (resultsj of this survey appreared to indicate 
thit the ap!lic tion( F addlitlonal mastic still did not solve 
th le a-;e problem). it w-is dtcided to cease construction 
ol further zincalume tanks and to use instead the '.7.H.O. 
designed square ferro-em,nt slab tanks.
 

The '..1I.0. tank with a capacity of 1,000 gallons consists
 
of number of square ferro-cemant slabs/panels which are a
 
consotructedIand then later assemble together. Problems were 
also enCountered with this tanks tspe. Due to logistical
and technical reasois it was decided after the construction 
of three of thuse tanks in Ia'apai that this tank type was 
not appropriate. As well as construction of the V.I.0. tank 
being len-;thy and technical, dJfficulties were encountered 
in transporting the heavy panels to outer islands for 
aOn emb1 " , 

The F.S.F. then negotiated with the Miuola Women in
 
Developmemt Association to construct a round ferro-cement
 
tanlks with a capacity of 2,250 gallons in the remaining
 
areas covered by the project. A major difference associated 
with thi. tank type was that construction of the tanks was 
undertaken by the vJlla-e households themselves, with the 
liviola Association providing necessary training throuh)i
 
con7stru -ting "demonstration" tanks.
 

3 SIF]VEY RE3UI,TS
 

Ovnall it is felt that the H1a'apai water tank contruction

pr,'ject IWi"s substrntially improved the rain water supply
 
r, ,orrncpcity, in the H1a'apai Group.
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A tot'l of 786 tanks 'of varying capacities and types h'ave
been constructed (776 of which were actually inspected).

The ,ol of construeting at least 520 tanks of 1,000 ga'llon
capacity has therefore been well surpassed. 

The ma,jor prolom however, is the fact the majority of the
tanks built leak or are not completely water tight. The 
severity of leaks was found to vary fkrm extremely minor to
 
serious.
 

TABLE 1: SUUVEY RESULTS 

Niuola F.C. Zincalume V.11.0.
(2,250 gallons) (1,000 gallons) (1,000 gallons)
 

lo. of Tanks Surveyed 472 289 5 

Tanks Leaking % 81 80 100
 

rulterin3 Complete % 72 90 100
 

tic. of Cons,,mors 2,668 1,741 

,later Levels Obccrvcd # 

in_Tani~s-


Fill - 16 15 20 (Itank) 

.1 -~ 19 21 0 

21 29 0 

- 0 44 35 80 (4 ta;ink:) 

1o10001 oo.i, 

* Last heavy r'iin was in April 1935 for all island except
 
I\lanL,;o and Fonoifua where it was in Mardh 1985.
 

Table 1 provides uomparative data obtain-d durin,. the smrvey
on the liuola, Zincalume and W.1.O. tanks. In particulnr
information in provided on the pe-centage of tanks found to 
be lealin.;, how full the t nks were at the time or the survey,
and the Ticreentae of tanks for which gubtering was 'ompletc
(that is functioning properly and with sufficin t;material -).
It should be noted that if there were any visible v,af;er le'ii:s 
on a tankI, whfietLer minor or major, the tanlc was clas:jifird 



In ndlition, while the level of water in each tank at tje time
 
of Lh.i,Mrvey was recorded, It wvos rco*:nized that the amount
 

'.',;erof in any tank Was a function of many fractors inc]ulinr 
amontt o rain received, size of catchmnent, adequacy oF 7utteri'lg
nInc. Qli t,e -i few tanks ndre found toack adequate ,tittcrin ; 
tvi/or su~ficient roof catchment to ehable rain viater to be
 
cF1'-ctiv:],r captured and chanelled into tile tanks.
 

)eslite I,ie, fact tha!; approximately 80% of l'oth the tiuola 
atnd the Ziiialume t'anks were found to be leaking, the Majority
of l'oth these tank types were otserved to 6e holdin betw':een 
a q:,irter ;o a completely full tank of water (sce Table 1)
In Ll~i cse of the Iiuola t.anks this was 56% of all tnnks and
65, in tle case of the Zincalume tanks. 441 (207) or th Pluola 
tanks, re less than a quarter full and in the case of the 
ziniime tanks 34% (99) were les.; than a quarter full. Tho 
lar..r tanh cnpacit., of the fliuola tanks (2,250 gallons) should 
be noted in the context of the above. 

"litl rr,,'ad to the 7.7.O. designed tanks,four of the five 
survoyci wnre found to be less thnn a quarter full with all
 
of '.iesc tanks leaking mainly on their bottom joint seams.
 

Atternlts ihy households to patch leaking; 'anks, both Jliuola

anid inealume, were observed. In general attempt at
 
patcliin; the
Wiuoloa fer'-cement t'nks appcred much more
 
suc,'eszful than did attempts to patch the zincnlume tanks.
 

In the cose of the zincaltume tanks the majority 01 leaks were
 
on t;h-, side seams where mastic had been ap!lied and around the
 
bottom edr;c of the tanks. The mastic seal obviously is not
 
fulfiljirr; its' function. Some households had attempted to
 
p-itch tese leiks unseccesofully with cement and other
 
objects (maiterial, paper, rubber), all of which could not
 
a there properly to the tank metal.
 

Tn tihe c',,e of the lliuola tanks most of the visible leaks
 
were on tlic lower sides of the 
tank with tension cracks
 
showrnv; at the bottom of many. According to the '.11I.0. adviser
 
IHiis i,'ilicates insufficient tension steel. In addition
 
accor'din to the adviser the majority" of serious leaks
-.. 

in thlese t:inks are probably the result of poor worlnenship
 
on llh:: consi.ructionof the tank bottom. It was felt that many

of tlie ba,].y leaking Iliuola tanks probably had cradks on 

,th ]hottornof the tanl: (there were not visible however).
In Prily c' s however, succes-sful pa~chin.., of Iliuola leaking
t'inks withi comen'. was observed. In adlition some leaks were 
ol ,-ivet to have healed themselves.
 

The litiola tanks were constructed with only 7 ba-s of cement
each). It is felt and reconmended that at least two to three 
brs,of cement be used with any future tanks of this type. 

A major concern relative to both the iuola and Zincalume 
t':nI' ,was tL-e lck of adequate screeninrs/training of incoming
w-it,, ot mani,!y tnks. In addition many of the iuola tanks 
l'cIclm taps. Water was withdrawn "rom a hole in the top
of L ,se tanks. This is considered les- hygienic than the 
use )f taps. Many tanks from which water was withdrawn 1ly
cont, i-er, also lacked lids to seal the hole at the top when 
niot; hein- u:ed. Lids are needed to seal the tank water from 
aniin"ls, insoc!;s, light etc. 
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Another problem relating to both types of tariks was the lack 
of adeouate/proper guttering and down pipe con,,ections 
on some tanks. In some cases this was a result of a lack of 
know how rel.ative to the placing and connection of the qt-t 
guttering. Many tanks could have held more water if gre.ter 
attention had been &iven to guttering and providing a good 
water catchment area.
 

5,000 Gallon Community Ferro-Cement Tanks
 

Eleven of these tanks built in the early stage of the
 
project were surveyed. The majority were Ithree qurters 
to full, of water, with six out of the eleven leaking, but 
none badly. Guttering was complete on all of them. These 
t'nks appear to be providing a good back up water suply to 
the villages in which they bre located. 

4 CO!1TU.IO11 A1rj R-;VCO.ULhEr1DATIO1S 

It is felt theft the 1ia'apai Water taifk project has made a 
sitbstanf;ial Contribution towards improvi!ri w,1ter supply 
ii Ha'api. hile problems have been encountered with the 
v:,rious tank t.,pes used, much has been learnt an thee 
jivolved with the project attemp'ted to respon4 to pro1'lems 
an! the' emer-ed. Unfortunately no time wus av°iilable to ZA 

a,'qu'tely test the effectiveness of tic various tank ,_Iypes 
prior to implement-tion, due to ':he saverity of water 
p'obloms experienced in h1a'apai. The majority bf tatnl nppe'r 
to be al)le to hold at least a quarter or more of* a tanik 
foll o, writer. There is a real need to follow LIp Ol the 
repair of tanks constructed if possible. 

The lirl'pai water tank project should not bn viewed as a 
discrete activity which is now complete. There is a 
nf-d to follow through the project - to ensure tanks 'ire 
repaire" if pos ible and properly/hygieli.cally mifaintrined. 

e.Sul-rr visits by a technical person capable of advisitig 
houlseholds on'the maintencence of their tanks are needed 
(posribly on a yeairly basis). 

The education an] training of local village peop'lc in 
11a'apai in the construction, maitenance an d repair or water 
t:nks is built to be a crucial compencnt relative to 
irnproving Ia'apai's '.!ater supply situation. 
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'RE C 0 M1.4E ITD A T I 0 11 S 

That further investigation be carried out to
 
etrmine tile best means of re)pairing lerdiing 

tar:s (zincalume, Iiuola and '.1.O.).
 

2 	That such repairs be carried out if possible and/or 
appropriate advice be given to local peo'l-l to enabl2 
them to complete repairs themselves. 

3 	 That cmphaois be !,iven to the edurmaion and trninint, of 
local vi'la-e people in such nre '1:3 construcitig, 
m-,.intinin, and repairing water t:.tklz an,1 conservi,,g 
water use. 

4 	Tha Lhiz project continues to be Pitintained and 
the pos:ibility of a techniciani c"pabln o" visitin', 
Ila'apai on a ye-arly basis to provide tech'iical 
guida.nce to local people on their water tanks, 
be 	considered.
 

5 	Thi'tt ].on. term resear-ch be c-ar 'ied out pos.sibly 
tk'Otv. Imuch institutioli as the USP AiMpropri'i |.e 
T.clinolo,y 93ection to It Jurthif i'vesigate tthe 
most "ippropri'i'le types of water tlnks for Tonj'an. 
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AP[.UIX 1:1 ISLI1DS VISITED AID TAITU SUTrVEYED 

16 APIL 1985 

- ?.anzo Isl'ind (16 zlicnlmne Tanks) 

- Fonoifu. Island (20 Zincilume T nks) 
- llomuk2 Inland (30 Zincalwne Tanks) 

17 A "TL
 

- llomuk Island (70 Zinc'ilume T:.ncs)
 
- ''ua Island (24 Zincalmo "rnks)
 

- Ma.'"ifeva Islandi (25 Iliuola Ferro-Coment Tanks)
 

18 AM. IL 

IIa'afcva Islan'] (18 Niuola Fer'o-Ceoient T:ink1s) 

- Tun:;ua Island (38 Niuola Ferro-Cement T nks)
 
- Irotu Island (34 Zincalune T-nks)
 

- Ijatuku Island (21 Zinc lume T nks)
 

19 AI2IL 

- FotUda'a Island (20 Zinc1lumo T.nk:s)
 

- Lofaiira Island (50 Ziticalilo T inks)
 

- 'Io'tma'one Island (33 iuola Fcrro-ccmen! Tanks)
 

20 A!2I1L 

- 'Uilw Village, 'Uiha Island (82 Vitiola Ferro-Cemont Tanks) 

- Felemea Villia-e, 'Uiha Island (61 Iiuola Ferro-C:ment Tanks) 

22 APRIL
 

- Fak 'I:-kiVilla.e, Ha'ano Ialand34!iuola Fcrro-cemmen TAnks) 

- ruk]otwla Village, Ha'ano Island (20 Iliuol-i Ferro-ccment Tank) 
- I[c'ano Villaze, Jla'ano Isl.n1 (41 lliuola Forro-cemcnt Tnl:s) 

- .1itoct Villaf,, J[a'ano Island(18 Iliuola Ferro-cei':nt TamiIh) 

23 AP'2IL 

- Iou1o Vill-e, Lifuka Island (36 Iliuola Forro-cemn ti " iiL.) 

- Ilolo]cka Villa.,,e, Lifuka island (28 Uliuola Frrrpc,,,m i 'I' 

- ran ai Village, Lifuka Island (5 .71.0. .. oxul.:r Tnk il 



MINISTRY OF WORKS
 
Cable: MINWORKS P.O. Box 5' 

NUKU'ALOFA APPENDIX III Nuku'ilfa, 

R!EF. SU/23/724/85. 1ONGA. 

9 .. y 1985 	 ' .&lh 

v" 	 I,.rcLor of F.S.P. loll[' 
1IIJKU' ALOFA 

Dear 	Sir 

I(;: 	 FINAL )!,iLUAT'ION UF IIA'APA1IAJ R SUPPL' PIRUJECT : 

Please find attached report on the assessment wle made 
from 	16th - 24th April 1985. 

This is also copied to all participants of the trip and 
also Director of Works, Acting Assistant Secretary IOW,
Lloyd Belz and Temalzti Vakasiuola. 

Sorry for late submission. 

Yors faithfully 
( L ...L 

l oor 
f or/])irec otof 

Attch. 

cc: 	 Director of Works
 
Acting Assistant Secretary HOW
 
Sitaleki Telefoni NO 
r-aunaloa F.S.P. 
Rosemary Dillon CPD
 
Lloyd Belz - WPRO
 
Tenaleti Vakasiuola - NWDA 
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REPORT ON FIlIAL EVALUATION OF IIA'APAI WATER SUPPLY PROJECT 
(16th - 24th April 1985)
 

Introduction : 

Water is no doubt one of the very important basic necessities 
of human beings and as a must for everyday use per every indi
vidual per home. Most of the times we are not aware how 
important water is, until it runs short and worst of all when 
there is no water. 

I m,,st thank F.S.P. not only their tremendcus nssisti.nco to nil. 
ie people of fla'apai island group for providing water storne 
taiks but; also making this survey trip around t;he ii.Qanlr ool
ble so tinit all of us participating in the assessneit survey
±e-l.[ted ;ire effectiveness and success of the project dospiLe
sore2 technical faults of workmanship. 

Ziic.-.lurmC Corrugated Uater Tanks : 

[lost: of the zincalume water tanks were constructed in a hurry 
so that the consumers could store some water because during 
that period water was scarce. This project was under the direc
tion of a Fijian personnel. He taught the HOW group of men how 
to construct the corrugated water tanks. These tanks were not 
mide ef water tight by way of soldering because solder won't 
adibqre to zincalume. So they used flexible adlhesive sonUrirt 
ippl".Led I;o all joints except the top. From my observation they 
m,s hove n, ed 3 different sealants. Hone of these enIlly stuck 
on h1 jotnts due to smooth condition of tile tank. You couLd 
po! off residue on joints and it seemed that the bonditg was 
riot 10,',. 

Recommenda Lion : 

(a) 	 All leaking joints should be dry and clean and a more 
suitable adhesive sealant should be used to patch tip 
.the joint. 

(b) 	 It seemed oily on some surfaces, care should be taken 
when making new tanks to make sure to remove oily film 
from 	edges to be joined.
 

(c) 	 Any new adhesive should be experimented and approved 
before using.
 

*.../2
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Ferrocrete Cement 11ater Tanks : 

Host of these tanks are leaking, mainly at the bottom1 na1-1 
bottom joint where it sieets the cylindrical wall. The Muliola 
taught and demonstrated to the people of every irl??1l v-l !;e1q
of 11-'np:1i Group of how to construct tLhe trks. From thlT'e 
onwards the people made the tanks under supervision of Lhe 
Niluola. 

The way I see it, they constructed the wall th-ii the bottom 
and the top. It's OK but I guess care was not ti[en whoin 
trending on retrforced wire and also reiffdering the wall. rIII-W 
the bottom wire dirty and moved. Also there was one evidence,
the bottom has no damp proof membrane. This of course is very
important especially at Ha'apai group where grOLnd 1.:3 ,.aiily
and porous wiich absorbs moisture and wet cement ]eavilnC sntid 
only for the bottom while pouring mix to make bottom floor. 

These taiiks were mode of 7 bags of cement. How i'ou can 
visual.sr vhal; happened in the construction of each tank wILat
ever comel;L left to do the bottom was so limited. It is a 
pity that the bottom should be stronger and water pr'oofd to 
witthstand the pressure which is exerted on it, but did not

I I
comply. 


IRecommenda tIonr 

(a) 	 It is very expensive to correct the tonks but a cheaper 
way to trickle this is by patching up cracks on wa.ll with 
oritnrry mortar. 

(b) 	 The lhottom floor should be dry and clean. An assorlments 
of wriL proofingr agrents or products whichi ap[lied to 
ex.LtinLg floor before a new mix can be poured, 

(c) 	IC the wall needs to be thickned, I suggest that the 
existinrg wall should be coated wilt water proofing'cheini
cal on Anside wall before applying additionil rendering. 

(d) 	4 strnds of barbed wire should be added to within mOO mm 
off the bottom horizontally to withstand tension cracks 
caused by pressure when tank is full. This only applies 
to new tank construction.
 

http:visual.sr


,
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III L. ")iteki Telefoni 

Diroctor of Illilth through VO i/c (PH) &I Sill 

1 	 May 35 

Re: 	 Final Evaluation of Main Water Schemes 
-it Ha'apai Group build by F.S. '.under 
U.S, Programme 

I would like to forward the report of the nhovC evi.L.[ 'llon 
which w.,!s c,'rried out by the team consist of F...P sliffo, 
representntive from Central Plnnning, !inistry of Worcs anld 
:,[,self from 1:11e Tlinistry of Health, the purpoo of thin survey 
to nw,.re of the present situtition of this p:'rticlar project;, 
which has been done on 16th to 24th April i9,85. 

I!ethod of 8urvey
 

The survey Form designed and srecd by the team member 
before they left for Ha'apai.
 

The informations and datas that relfated to this nurvey, 
were collected similarly by the team members from every sin:-le
 
tank, householder's ,iproached were very interested to the tenm
 
to make good efforts on reporting.
 

Recommendntions was approved by the te'-i to indivtdunl.]y 
process Pnd submit to their own director for his arprovnl nnd 
further consideration and take necessary acllon. 

fir, flnaJy, details and recommenlatioinn of thiti 
ev-luation att,-ched.
 

Yours aithlful]y,
 

Latu S. Tel-foni. 
lerlth .1.nnpctor. 

LVP/sa
 

"2
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2 

Vy ,,irywrir 	 baned on these followini c;itecr:ie,. 

1. 	 Type of tank and its nature sao'te 

2. 	 " cipr.city durjn; observ-tion 
3. 	 114itterin, matferials 

4. 	 ]:enkin7 brnnk 

9 .	 Conniicr'a information 

1. 	TJpe of .':,nk 

11.* .[ncna.ume 	 sheets were connected witIli l)"%t!, r'g
 
cheric il component, vnd w.,hei its full c-p'-Pity

tOOfl~ 'Ivl) 1he w:,!;er pre-imire beco,,nn qf;roier
:,Id extOlnd OUe t.' 11'3 ni!7e :'111 r-Ce 1-1!1-3 tO non 
O111: ilh r naJ1l tiny holes on both w1.-.1 Inr 
botto', of the tonk. 

b. 	 Perro-comeent Lank (2250 ral.s) made o" r,,d nh:d
 
wiith 7 yn oof for every -e rl,, -cement ,n ii' 
" 11'.d -1 Vi wirernesh and the 1;hicl.nene of 4 ;he )t: 

wxt "boul; S/3 inch. 

2. 	 ','nter' C,.'city; Full cppaciby to half fP] c'p:,.cj1:v, I 
tcoree~endied tI 3 nt.:,e as a. minor .'l~na anr r ],,ivble r4nor 
rpv'iir, and Frror h.-f full capattciLY down to corp1l)n]" crfl, ',
J tlrl'erere rnonr'nen(l.ed thin ntire o. n ,ijor l. - nin-T-1 
7)rovide r-rijor 	 ropnirc, 

.er ateria].n!3. 	 !.itl., i)ir I ,,n'n divi(led lito 1:,,o Ji '," " 
(9) 	e,,,,l ate " ( h) incomplete gv,,ter..n,, . 

a. 	Coaplote ut orin,: wris defined oaquri]]v for F-"1 1rauly 
of mittern,' m:r lril1 

Putterin: defined ;,,1. ]Inconnlete 	 1n C, at' ':ter n 

down pipe, no nfron prmin, tio hr:cleta 
plus not enourli msur, in. 

4. 	l.eakinj, Tank: was divided into three cte- orion 

a) I1o leak: 	 Tank with totally free of pny lakv,:.e
 
during this observation survey
 

b) leaking? 	 An evidence of leaki ohown on ri ama.l tiny
leaks on sides and bottoti of the tinn: 

c) 	 P1t sure: 1o evidence of e']: e-n 10 :1eon u ring the-

survey tbok place hNO; houoeholder'.aiformntion 
stated that nfter a heavy rn.1 1i, .hn inter 
capacity drop 	down very fast, !111-t 1,Q lbdly lea):
somewhere at the bol.tom of tIle tr'n),. 

http:rnonr'nen(l.ed
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3. 

1 Co!.i.,0d.i b iona 

-i. To provile ,,drift catJrite by '.O.W. for - exf;.n 

rm.prlinno Cor repi-Ir:nr nnd to complete tie guittorfii.
rwpnl-¢ for o~vCary ogle tank which they were naedehd 
a minor ,.ntl injor repair, v.gain to n1locane a source 
of fmuil for W1io nbove repairing. 

b. To provt.,le :- overflows rystem for ever-, t ,,le Awm7lutne
Ltr'.k .111(l ',I'e .rjration Dasini- and also obt',ining of 

.rliI4;!i:: !:I,:Ii lid i.nd provide ocreening ;ire on, both 
oitlet *ncl inlet pipe. 

Co o ,;Jcoir:vze r nd edvcote t he jnblic on its.ln: w1sely of
nin water, p:r icil'nrly to the inlnds' people, 1;o

:Il oJH of iny wInter s]hortage. 

r.* JI e,,,'.:, bcl.lf t.hrit if 
,i',rlcriq- wJ]? not repriir,
h ,. :lii problems in future. 

thos3e let Iki.F tnk find incoMpI etO 
these c',n pro'hice a pu)O.ic 
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APPENDIX V
 

HA'APAI WATER PROJECT
 

FINAL EVALUATION ITINERARY
 

Tuesday, April 16th - Depart Nuku'alofa, Complete Mango, 
Fonoifua and part of Nomuka Islands. 
Overnight Nomuka. 

Wednesday, April 17th - Complete Nomuka, 'O'ua and part of 
Ha'afeva Islands. Overnight 
Ha'afeva. 

Thursday, April 18th - Complete Ha'afeva, Tungua, Kotu and 
Matuku Islands. Overnight Ha'afev.. 

Friday, April 19th - Complete Fotuha'a, Lofanga and
 
Mo'unga'one Islands. Overnighlt
 
Pangai.
 

Saturday, April 20th - Complete 'Uiha and Felemea Villages. 
Overnight Pangai. 

Sunday, April 21st - Free Day. Collate Statistics to
 
Date.
 

Monday, April 22nd - Complete Fakakakai, Pukotala, IIa'ano
 
and Muitoa Villages. Overnight
 
Pangai.
 

Tuesday, April 23rd - Complete Fangale'ounga, Koulo, Holopeka
 
and Pangai Villages. Finalize
 
Collating nf Statistics. Ov.rnight
 
Pangai.
 

Wednesday, April 24th - Depart Pangai, Return to Nuku'alofa. 
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WPRO- MEMORANDUM 

rrom To S.Y1oliaki Lnc2 jnc'lz j !r 

Our rer. ... ' Attention
:,I"/, l- .t.to :: . .. .
 

- Your ref . 

i}'iVii'1J AhtUUJA '
Originator Subject '.1: LA A 

Oli 20 Apr I I ..I ed Da.vi d y.Vipu on 
.1):,t . s c In ry I.ion ,.PII;. ai 'lelefoni II,0,II,Sitoleki 

.tiid Itnnutialon FTifrtfnhema F..,1'. in- th ir . riopo;ction Vld 
urview , )f therninm wnter storage tanks in L'Uih1-1[111( 
..+.J on il.' tnnk.n were financed ly lorindat i onc itwe IIn 'up 

"
 Pci££:nnd roistriictd 
,tinder t'e direction f the, litiola Womenl in -DevlIofiiwnt 
,+\:;ioc.I,'ltt or :Itu:ad hyI'eo.ti V ksiuola . Appruxir'nL,:ly 
Lh) tnnks wereo insectod . 

lor the Vehp b , Ole aodthla 

"
 'l 1 
hz" ttuui' n;ut F'.I,'. for the trciieidoti, tool: tIle.y Ilvo 
:ucCOi, l/:uhd .. 'rhe coinntruction of thoso tanks, in thlie 

,In IdI,of .it pllpni. in tnie agni tude of ncco:.-

IFl r: L aunt i tIa Iy conrer oJ, t :I/!.c 

ro ten t:he 
I,:IIleurt I the hurrIlcane ioune pri)Ject, The tniki; 
l'ellt1 L pIr loct, thel e tire t ' 'hit l ieel d (I oulton 

.1Llint I hid..L'itn vi1 (with theiold of the ririJ..It;lit 
;iJ+ ,fl .l tdC..ie) blt Iolle of there.rciorel r'),I n iiild 
S,:rn I t:.oi y coi,-ratulntion.:. for .:ettt: the Job 

11.0-c ti:.cJ Oi .-itec loniiindl tiort+ 

lti , ilon proloi 1. Li lIti.) iri it el y to 
"I.), L 'I 1.Iikzj tire nut vul. elclitly "unLer tl.Ih.ti 

of" rJ ou thIh: C'vIln of: the uminJority ti u 1e.':" t: e 
"11::. I... 1h LIh )ot towi,~ .. Ih.'c:!1iur" of poor w'rk .iiln ti: 

l t7 1)1 . the qchi11 1 t.•I.:ci: ('I: 1. inip im iillor . u III.'hI 

o iIll tiho 
Ithc wn. I ' I.xeJ iA it Iich:-MItc a I xer. 
i. - ,,Itiogi'.d ul,,;n o r ttio bri1t I 'iv r rtnr 

IC.II!iLoi (:rtirh;s ehoitnt Lirt botton or (IihL-01, 
,rrc;ez~n,,,,, tznrkt. {turtacntc+of the i.k.l.jIcIenthlis 
-1illit Of eootoii sleec. TO. (3.5 ,iidin.)'lLwoe 9.wiren 
'iould ha added , The fir.t IU cUinfro m t Itc bt),t ,e:i a nd 

the .ecoid 20 cii from the hot tom, TIi'ene rc lt i I'rcpe; 

Ile *2. l.ops:'i Lhi .nlover lap of 70 crIi. 

II" -,'itL.rtn, iitId jo tiin,.. t istn.t alion. vi- d; ,;1ro;um 

1 IrnlIt!d,i ce the tIrIItiers ived to t:I'n' , d .t esiooi ,I nl 
I'-tve tro -,hbr cketrt ; nre opiiced too (or alnrt :,it u ,:,n..I Iy 

1i1S tI" ctCv: it I clomred .1 spoutIit1, fr ;t:i !; t:1 ut iht ro'u:! I 

t p1Ipc :11I.pto)r ini Invaritibly [intollod with. !it Irmuropc'r 
* bcd L.ni:cup, ure omit.Ied. Ill soic nronit.,o, 


ii.n y b , uri,.n aJry to ftritish n' l" x 6" 1)oird ie 2rve; 
ir ii notianritl.: board for the trOii ih. Ic tou of 1.h,: 

od-I nIt g ev r . r od from the lic') to -1:1v t n t!(jr l trol 

ii 'I iIsedii 13t so it ni o It.* (I ,i 1:1 1' 

'. ',.: .. + ' .,. 11 1)toI t r c c t l10 itr :'+ 



~ .~it! iien teao~r'y r1uat be ol..oai todt to covetr gi't..' La, 

~i01)~ ti 11li nd, thevir Support, nd otto I rte, part of tileStrnininC I ust' be on thin cbripotietit ...> A fter the tauik 
Is co-iptL'ted rind repairCd a'nintoeimnc' o f the rutterfiR 
hor cow Ci mos'tt Iiurt: the ItLe Important of project. 

p,, *hould 'be'r? nduid here' tlhat ini~ shoitld not, be. nilowed 
CiIh cichei roofs, or niir the enve trouhs becaiisc 

-fOeCOVeaiIt of fers to kits nndl tile pogibli. colit uain
LJ.o1 fi oa tL ourceo * 

Ther I mneed to slope t~w rolit Iwl ove'r the
5 tIti'rcjI. e r I fe d for in Lhteinstic b-e-id . 1 

All u-Avtriotm iat, bo c rve il be (ore. 115ingl Inciuri
]lceatent 1f there are anty sipa: of lmtipt Ceren t lump,;i 

cnhiulot be Stuccetuiiy broke~n by ii'uj. 

I'he Settllng vf tile tiunkn, III 110iC. nlould Im'd~u
 
I .ge .In thin enlighitened ngo of con tunai ill.it.nourtces
s 

th mwt t Ili Ii wn ter ' tbrn 9t . ton' "..arow buckets" ro iii 
t.:aak:i shoii t1J1 lie Itavily discourngc'f. The trinkn oc'ituld 
i'bul i it or preferably nisove the g;romit oat a Stnid 
-it- l1.it -. laiOwn3 hatigh. Thi. Iuk. ahuuule[ be L' a iad 

:;rennip. to t-row In tile tfank) ;. 1thickvt holus~ nre har.tirdL 
tor cildr'a id the probablilty )I.* aidoit~i while 
low, Is dintinsctly ioiaiblic. 

tile cosiat ,pc I i of, thfta Cp t o the tonic need9 lop rovo 
.aii: ite, t).In of rn fit Civ,nt to wall, wisethier n I loor 

I t~a~o cupiin~~lou~wtt:ti collerec''1mwor ai Lii ckeu;"d 
-oi] I1 ivid Aitsitio tile tutak. 

III' Ofie Vu~jI (hIld 1111101! ti) bil.1id tile janilsv Oite str olid lip 
''I tr. tinter Li Iu FiLI it ct~t nIi ;tud )c.~titofU,h and 
lufi'r'.Ls lin1 Iteeut nc-la1cted, it:trivinair dil' I l. a jhoulii

H'.rht ti- i'ed on v:!c1, Li~ilh *, the overflo~wccreen',I 
It it te (I. picrutmaly ver I--) Mii f or tit(- ovorflow) 

i; i' "p'' ta oir'I i~tled. 

Iitey hu~vv lit''t tvilticed 1v aul i ;.- imu:lhble fo.rr'iot
 
itl IIOI.Ittly I (e'(Jii- mtit6f tii~.n4kt.: would lip bctter rnds
 

A IIIJ~io,I'pr CC trige ol tho cr-ii0:P Ili t h- wsttfsI occouresh 
ls's nsa'itiny stdo~ of~ Chc tivl.' hIw frc::It jrws~i 1. Ilt ou1:1 

ii, j'to.eticv iroat the swui 1 ;iht. V'tafior tlio j'1uitc'r 
11015Idd his rvcnttd(, It it I.,% tov i~f.,.' while last I.;ye'r 
rin- (r'-iI n,; poss I ble, 'it!pa~ie uw. ,I- )( iet 

c.)fiL.tmittily wo:'C for it loll!t .7. tM- 11. 
1,,:t Ito fecw Owr' nt:rh turCI I It ytr~~tu~1.:i 

11 wI 'ontirt nftLr the eati 'alicon a tL;'a shil d t ruve 
1gila .hle I!:I; n ot,C leau o i ce per yevir tir ln tuj 

,''tr c!-, I.( s lw c,ury , to mice i.e itnnk lw!;1.hat. isnvie 
itpa ) v r tr ifn.llatioli any liunt trIj!I~t thml: 'tcie 


.' h.int t.hi" t nuliJ cia't.J"i aiotr i
led .li 

't.'?itoulit d It(! sconponiod, by n;ow' otie with lbgcil authority
A..t Le eforco? thiv prbpec uno9 of Cte. giftC.
 

http:lufi'r'.Ls
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iii. 

1 would cousider the donstriiction of thuse t.anks' 
acceptable for the ,ipcoming Norweginn aid project providitig 

the followind recommended Items are hIcliude'!. Vhe provisi in 
nl ai .1.0.11. iiispector for the construction uuy unce 
,jor we!k ,nay le advisable. 

i(ecommuelded items for iunlprovihp 'iuol a 1U I" t-IIIk 

I. 	 ial[, Iloor and roof thlickness - 25 i pi' itim,.i,. 

2. 	 Install tip 25 to 73 nmumlfroti the bottom of 
the tank utsing a fitLing or Fing as a secepge 
atop. 

*. Inrtall the tank at or 'J"nbove Lim gi (.id 
I eve 1. 

4. 	 lh entpring water to be scrcend thru
 
a screen of staidord desi:i.
 

5. 	 Irive titougI nd l'ittiags shotild be In'clieiled 
Iin LI,( project and specin1 nttention nrid trainin, 
b it1ven to irtn intllatun. 

b. 	 The truhlily placed mortar mqust niot be exposeI 
to direct stillglht, must lie Lept coutstim Ly 
,(-t Ir one, we.k nid ist recievn tLte iu'xt 
Coat %Ithilll 2 dayn. 

7. 	 Iao iiumber 9 (3.5 rim) tolcliOli hoop wiiren be 
ridded over the diamond menh belore pln!tering. 
'hlie firt 10 ci from the botto ithe second 

20 r.! from the bottoii. 

h.:. (Ie lottom co t on a .I0iistic :;h(!t 
nnil special core be takon with the i'rtiforcing 
ir. li lfncement.
 

cc: )ravid 'lnr, I.,.I'. 
-
linl:a Val punn, II.O. .
 

:Italt,k Iclefoni, 1.O.11.
 
R tseo-ary 1tlloni , C.P.Di.
 
I:II., flnuiln via WRC, Suva.
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WPRO - MEMORANDUM 

From L. Belz To Dave yler, F.S.P. Dite 29 April 1985 

Our rer.LB/85/ 6 0 Attention 

Your rer. 

Originator Subject ZINK (ALUM TANKS - IA'APAI. 

Per our discussion in lia'apai I went over and looked
 
at Doutg's steel tank.
 

The first thing that impressed me was the economy 
in riveting. Fine idea if the rivets are perfectly 
driven - tn unlikely happening in Ton,:i. Riveting is 
a fine art and involves more than hitl ing the end of 
Ihe rivet with a hammer - the edge should he peened 
around the edges with a round hammer for full Lightening 
pDower . 

Hy suggestion for the problem of leakage on these 
Lnnks, particularly in the walls is to have your supervisor 
(possibly .your P.C. volunteer) study riveting theory 
for a couple' hours then on a few tanks try adding a 
lot of pop rivets from the outside only. 

If this loosensthe existing rivets reset tLhem with 
someone inside and out using proper techniques. 

Since no caulking will be effective without tight
 
rivets and even very thin caulking would be effective
 
with tight rivets it would be a worthwhile experiment.
 


