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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 Mainterance Supervisor for the Ministry of
Works, and Mr. Sateki Telefoni, Public Health Officer of

the Ministry of Health. The FSF accountant/bookkeeper,

Mr. Maunaloa Taufahema, also joined this 5-member evaluation
team.
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FSP wishes to express its gratitude to the various
Government departments for their willingness to participate
in this strenuous exercise. 1In an eight day period the
evaluation team visited 21 villages on 15 islands. 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 expcrience
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 I1I, 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 an
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.



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 administrativeo
difficulties and FSP, at the request of the Tonga Government
and UCAID, agreed to take it over. On June 30, 1981, FSP
negotiated a one year Operational Program Grant {(OEG) 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 Hezalth

and Works), the Peace Corps and FSP. A Peace Corps Voluntecr
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, ant 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 cyclone
for approximately 8 - 9 months, it was decided to construct
metal tanks (Lysaught's zincalume type) because they could
be built much quicker than the traditional ferro-cemcnt
tanks.



When FSP and tbe 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 lictle 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 capacity ferro-cement wat.r
tanks as the major element of this jroject.

In 1983 and 1984, the Peace Corps Manager and his i1.0.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 goals,

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):

- Numker of Villages Assisted 22
- Estimated Population Served' 5,600

- Number of Roof Catchment Areas Constructed 10(585m?)



Number

Number

Number

Number

Number

of Zincalume Tanks Constructed

of Niuola Ferro-Cement Tanks
Constructed

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

of 5,000 Gallon Ferro-Cement Tanks
Constructed

of Village Well-Pumping Systems
Constructed

Total Capacity of Tanks Constructed

Additional Water Storage Capacity

297
473

11

1,421,250

462,000 gallons

Rehabilitated?

Additional Roof Catchment Structures 21
Rehabilitated? (4120m2)

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.



V. Evaluation

The 5-memker survey (evaluation) team visited the Ha'apai
Islands during the time period April 16 - 24, 1985 (sce
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. 1t 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 zincalumne tanks construcicd,
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 wcre
found to be leaking. The majority of these leaks could be
termed minor and were found in the middle and bottom scams.
103 tanks, or 26%, were % full or more, 186 tanks, or 74%,
were less than % full of water. 22 tanks, or 9%, were
completely empty. With 266 tanks, or 90%, complctely
guttered, it must be assumed that the workmanship was
substandard.



Some factors most likely contri i
workmanship were 1) improper training of the M.0.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 founrnd in the January 1984 evaluation. The
second PCV Project Manager (September 1983 -~ February 1984)
rarely accompanied his work crew to supervise the on-c<ite
construction of these tanks and so it is assumed that iess
care and attention was given to thc 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.

Basically, 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
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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 B1%, were found to be leaking. Again, the
majority of these leaks could be termed minor and werc
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%, we2re % 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 cf 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 inspectcd

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 moisturc 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 cannnt enter as well as mosquitoces, 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.O0. 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 veiry 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 1is very inapprop:riatz 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 puilt 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 and 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.
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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%, ccmpletely
guttered, 156 tanks with incomplete guttering, or 20%, and
10 tanks, or 1%, not sure. The majority of the incomplcte
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 wond placed over them. In addition, many tanks
had no protective sjeve 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 tne village of Fangale'ounga (Foa Island). It
was built by the MOW work crew during the time period
December 1481 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 previded by UNICEF) standing on a 22' concrcte
tank stan¢ 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
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been delinquent with their paymeants, 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$12).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 dcpleted

(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 has been
tremendously improved and, as a rcsult, the health and
sanitation of the Ha'apai people h.s been improved as well.
The villages and people in general wer~ much more tidy

and clean ° in 1985 than 'hey were in 1981. 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 supplies
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.
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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 imprcrement 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 -nmoment tanks so th-t
they would be as near 100¢ water tight as possible.

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

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 install.ng the quttering
on their homes.

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

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.



APPENDIX I

Page 1

Findings of the Ha'apai Water Supply Project Survey:

Tanks Built (Total) - 786 (TOTAL CAPACITY - 1,421,250 GALL(XIS)
Tanks Surveyed (Total) - 776 (’IQI‘AL CAPACITY - 1,408,750 GALLIXS)

- 8 zincalume 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 (Felemca)
Date of Survey - April 16 - 24, 1985

Total Zincalume Tanks Surveyed - 289 (289,000 Callons Capacity)

Margo - 61 Matuku - 21
Fonoifua - 20 Fotuha'a - 20
Namuka - 100 Lofanga - 50
'0'ua - 24 Pangai - 4
Kotu - 34
Total Niuola Ferro-Cement Tanks Surveyed - 471 (1,059,750 GALLONS
CAPACITY)

Ha'afeva - 61 Pukotala - 20
Tungua - 58 Ha'ano - 41
'Uiha - 82 Muitoa - 18
Mo'unga'one - 33 Koulo - 36
Felcmea - 61 Holopeka - 28
Fakakakai - 34

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

Holopeka - 1
Pangai - 4

Total 5,000 Gallon Ferro-Cement Tanks surveyed - 11 (55,000 Gallons

Capacity)
Fotuha'a - 1 Ha'ano - 2
Mo'unga'one - 1 Muitoa - 2
Fakakakai - 2 Pangai. - 1
Pukotala - 2
Guttering - Camplete (%) Incamplete (%) Not Total (100%)
Sure (%)
Zincalume 266 (90%) 23 ( B8%) 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

TOTALS 620 (79%) . 156 (20%) 10 ( 1%) 786 (100%)
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Pagé 2
9. Leaking - No (%) Yes (%) Not Sure (%) Total (100%)
Zincalume 44 (15%) 237 (80%) 16  ( 5%) 297
Niuola’ 51 (118%) 382 (81%) 40  ( 8%) 473
W.H.O. 0 5 (100%) 0 5
5,000 F.C. 5 (45%) € (55%) 0 11
TOTALS 100 (13%) 630 (80%) 56 ( 7%) 786 (100%)
10.  Water Levels ~ Full-3/4(%) 3/4-%(%) %%(%) L%-Brpty(%) Camwpletely Not
Enpty sure
Zincalume 42 (14%) 61 (12%) 86(29%) 100 (34%) 22 (9%) 8(312)
Niuola 76 (16%) 88 (19%) 101(21%) 207 (44%) 35 (7%) 2(- )
W.H.O. 1 (20%8) O 0 4 (80%) 2 (40%) 0
5,000 F.C. 9 (82%) 0O 1(9%) 1 (9%) O 0
TOTALS 128 (16%) 149 (19%) 188(24%) 311 (40%) 59 (8%) 10(1%)

NOTES ON SURVEY FINDINGS:

A

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

2. The information provided for in 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 mearis that each of these
tanks (hence, houses) have at lzast 2 gutters, 1 down-
pipe, 1 rairhead gqutter, 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. 1Item 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. VYes 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 4%-Empty figures. Not sure ,
are the 10 tanks not surveyed. /

\J
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Qur Ref: 39/4/1 -I~385

15 May 1985

I
Mr D Vyler oo
Country Director , DRIV IR RN ‘
Fu So Pq 1 ' ’ i

Dear David

Please find attached a copy of my report cn the review
of the lin'apail Water Supply project conducted from the

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

Yours sincerely

'},F)O (L;'OLL

Rosemary nillon

lz'/c;rry,yL n¥ 'PCA/.;‘U"!\J’?
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EVALUATION R PORT: HA'APAI WATER_SUFFLY PROJECT (US AID).

-

INTRODUZTION

A field survey and evaluation of the Hat'apai “Water tanl-
construction project was conducted fromihn 16-24 of April,
1965. This project was funded through a US AID arant
administercd by the F.S.P. The specific poal of the project
was to increase the fresh witer tonle storase capacity in

the Hlatapai islands by 520,000 gallons. fThis was to be
achieved throuch the construction of at least 520 wate» tanka
of 1,000 gallon capacity by March 1, 1985, Pepresentatives
from the F,S.T., the Ministry of Health, the Ministry of Works
and Central Planning Department participated in the Ffield
evaluation,

A total of 777 tanks were turveyed. This included 289

1,000 fallon zincalume tanks, 472 2,250 pallon Niuwoln Terro-
cement tonks, 5 W,H.0. modular ferro-cement tanks and 11
9,000 gallon ferro-cement communi ty tanks.

The aim of the survey was to nassessg the cffectiveness and
success of the project in meeting it's goals,

All the inhubited islands of the Hatapai group were figited
in the couvrse of the evaluation, with the exception of
Tofua. Good use was made of the Tongnn Defanse Serviees
vescel - the 'Silver Arrow:, By using this vessel it wag
posuible for the evaluation team to move relatively quickly
from icland to f£sland. Aprendix 1 outlines the schedule ¥faq
followed in termﬁbf islands visited and number/type of tanlks
surveyed,

BACKE3PCUID

The Hefubai region consists of 55 widely dispersed islands,
16 of viich are ighabited. Thg inhabited islandg rnge in
gize from 0,33 km® to 55.63 « In 1976 ap-rogim-ite 124
of the Ilingdoms vopuiakion w-g rasiding in Hatapai.

The Matapai reonle are largely deprndent upon rain witer and
hard duz wells for their fresh water sup) lies, Rainwater
gatchments and tanks however, have not becn adequately
developnd to meet the water requirements of thn people, Tonga
is algo prome to drougchts, In addition some of the islands

in the roup are completely dependent on rain water, with their
ground vater beine either brackish or inaccesczible,

The Hatapai water supj'ly project wis developed to meet Lhe
ur-ent peodag of the [[atapai people for improved water supply.
Initinl emphasis of the project was an the construc ion of
9,000 <nllon ferro-ccment comnunity water tanks and catchment
structures.

This wag subsequen bly changed to tho coi.truction of tanks on
mrivate 1vellings followipng the impact of Hurrie ne Isanc
whirh d vactated Ha'apai in March 1982 ana a prolov-ed
dronzht vhich followdd Taann

\



Tt was felt that constructionpf smoller tanks on nrivate
houscholds would more effectively meet the needs of the

llatapai people and increase water storagce capacity. Targer
"ecomrunitby" tanks/cntchments were felt to he more prone to

Laclk of maintenance and cyclone damage. Construction of tinks
on privale householls was able to make use of newly constructed
hurridne house roofs not damhged by Iscace. Tunds that

wounld hnve been used to construct comrunity eatchment
slruclures were able to be used to build =291itional tanks.

Intinlly =incnlume crated metal !anks were constructed on
provate duellisgs under the project. These tanks with a
capeils of 1,000 gallons consigt of curved soementgofl
~inerlume ceatbed corrurated shéet metal vhich are rivetted

to ethor, with a mastic seal appliecd in between the rivetted
r 2m3 Lo rrevent water leaking. The company manufacturing
these tanls (Lysanchts), sent over a trainer to demonstrate
how the larks should be constructed. An MO0.W., work crew,
vorkips under the supervision of a Peace Corps Supervisor
snbgequently commenced construction of these tanks in Hatapai.
The t-pks were found to leak. An inspection of the leaking
tanks vas m~de by a representative from Iysauchts and it

was felt that the tanks were leaking due to insufiicient
mastic having berrn aprlied to the reams, Initially the M.0.V.
vorl crew had been advisod to use 3 tubes of mastic per tank.
It was felt thnt this should be increased to {five. Two K
hundred nnd twenty additional tubes of mastie seal were
providei ly Tysanchts and used to repair tanks in

Jauary 1964 (results of this survey appreared to indicate
tht the apnlic - tiond [ additional mastic still did not solve
th» leaka;e problem). 1t wis décided *+o cease construction
oi further zincalume tanks and to use instead the '7.H.O.
deginned square ferro-cemnnt slab tanks.

The 1.11.0. tank with a capacity of 1,000 gallons consists
of number of square ferro-cement slabs/panels which are o
congtructed nnd then later assemble together. Problems were
also encounter~d with thig tanke type. Due to logistical
and technical reasons it was decided after the construction
of threc of these tanks in Ha'apai that this tank type wvas
not approoriate. As well as congtruction of the W.[{.0. tank
being len-thy and technical, défficulties were encountered

in transporting the heavy panels to outer islands for
apsembling,

The F.5.F. then negotiated with the Niwola VWomen in
Developmemt Association to construct a round ferro-cement
tankas with a capacity of 2,250 gallons in the remaining
areas covered by the project. A major difflerence associated
vith thin tank type was that construction of the tanks was
underteoken by the villase houscholds themselves, with the
Miuola Ascociabtion providing necessary training throurh
construeting "demonstration" tanks.

SUNVEY REZULTS

Overall it is felt thal the Hatapai water tank contruction
projncel hng suhgtintially improved the rain water supply
storaoe capncity, in the Ha'apai Group.
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A tot:l of 786 tanks of varying rapacities and types have
been constructed (776 of which were actually inspected).
The 70al of constructing at least 520 tonks of 1,000 gallon
capacity has therefore been well surpassed.

The major proklem however, is the fact the m1ijority of the
tanks built leak or are not completely water tight. The
severity of leaks was found to vary foepm extremely minor to

gerious,

TABLE 1: SURVEY RESULTS

Niuwola F.C.
(2,250 gallons)

Zincalume

W, 1.0,

(1,000 zallons) (1,000 gallona)

o, of Tanks Surveyed
Tanks Lenking @
fubtering Complete <

lle. of Consimers

472
81

72

o 2,668

Inter Levels QLzerved #

in Tanks %
Foll - 3

i

3
o=}
0

16
19
21
44

——

100

289
80

90
1,741

15
21
29
35

—~—

1007

Al

100 ‘

.--
o

100

20 (1tank)
0
0

80 (4 tanke)

——

100

* Last heavy rain was in April 1935 for all island except
Mango and Fonoifua where it was in liardh 1985,

Table 1 provides somparative data obtain~d during the survey
on the lliuola, Zincalume and W.[.0. tanks.
information in provided on the percentase of tanks found to

be leaking, how full the tnks wers at the time ol the survey,
and the perecentage ol tanks for which gubtering was -omplete
(that is functioning properly and with suflicient materinlg),
It should be noted that if there were any visible waker lealg
on a tank, whether minor or major, the tank was classifierd

bm e YoVl

In particular

}

VA



In adlition, while the level of water in each tank at the time

ol tho survey wasg recorded, 1t wos rocornized that the amount

of viter in any tank was a function of many frectors includine
amonnt o” rain received, size of catchment, adequacy of ~uttering
cle, Quile n fow tanks wdre found tollack adequate utterin-
v1d/or sulficient roof catchment to eha®le eain waker bto be
elfcliv21y captured and chanclled into the tanka.

Dnspite the fact that approximately 804 of “oth the NHiuola

and the Zincalume tonks were found to be leaking, the Majority
of Toth thece tank types were otserved to be holdins between

a quirter to a completely full tank of waler (sce Table 1)

In Lh2 ecnse of the ITiuwola tunks this wago 5650 of all tanks and
657 in the case of the Zincalume tanks. 445t (207) of th- Jiuola
tarks wvere less than a quarter full and in the cnse of the
zincnlume tanks 34¢) (99) werc les.. than a quarter full, The
lar-or tanle capacit, of the Nliuola tanks (2,250 gallons) should
be noted in the context of the above.

Y¥ith resard to the W.1,0. designed tonks,four of the five
surveyed were found to be less thon o quorter full with all
of ‘hese Lanks lenking mainly on their bottom joint seams.

Atlembbts iy houscholds to patch leaking nnks, both Hiuola
and cincalume, were observed. In general attempt at
vatchins the Miuoln {er--cement bt-nks apnczred much more
sucrescful than did attempts to patch the zinecalume tanka,

In the c¢~se of the zincalume tanks the majority of leaks were
on th~ cide seams where mastic had been eprlied and around the
botton ecdre of the tanks. The mastic seal obviously is not
fullfilfing its' function. Some houscholds had attempted to
prteh these le ks unseccessfully with cement and other

objects (mnterial, paper, rubter), all of which could not
athere proprerly to the tank metanl.

Tn the c~ce of the lliwola tanks mast of the visible leaks
vere on the lower sides of the tank with tension cracks
showin;; 2t the bottom of many. According to the 'w.11.0. ndviser
thic indicntes ingufficient tension steel. TIn addition
nccording to the 7.i1.0. adviser the majority of serious leaks
in these Lonks are probably the result of poor vorkmenship

on bthe conuiructionof the tank bottom. It was felt that many
of the badly leaking Niuola danks probably had cradks on

th~ botlomol the tanl: (there were nobt vigible however).

In m~ny crses however, successful pabching of IMiuola leakigg
tanks with cemen' was observed., In adlition some lenks were
ol served Lo have healed themselves.

The iliuola tanks were congstructed with only 7 bans of cement
eiche TG is felt and recommended that at least two to threc
bars of cement be used with any future tanks of this type,

A ma jor concern relative to both the Niuola and Zincalume
tanls wns the lack of adequate screening/straining of incoming
vabe - on mny tinks. In addition many of the Niuola tanks
lacled taps. Water was withdrawn “rom a hole in the top .

of Lh'se tanks. This is considered lesn hycienic thnan the

use »f taps. Many tanks from which water was withdrawn by
contiver, also lacked 1lids to seal the hole at the top when
not being used. ILids are necded to seal the tank water from
anim-1lg, insrchs, light etc.
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Another problem relating to both types of tanks was the lack
of adcauate/proper guttering and down pipe connections

on some tanks, In some cases this was a2 rasult of a2 lack of
know how relvtive to the placing and comnection of the —w#t
guttering, Many tanks could have held more water if greater
attention had been given to guttering and providing a pgood
water catchment area,

ELQQO Gallon Comnunity Ferro-Cement Tanks

Elcven of these tanks huilt in the early stace of the
rroject were surveyed., The mjority were ?'threc quarters
to full' of water, with six out of the eleven leaking, but
none badly. duttering was complete on all of them., These
t'nks appear to be providing a good back up water suprly to
the villazes in which they are located.

CONCLUSION ALD RECOMLIEHDATIONS

It is felt that the Hatapai Water tank project has made a
substontial ¢ontribution towards improving wter supply

in flatapoi. Thile problems have been encountered with the
vorious tank t,pes used, much has teen laarnt and these
involved with the project attempted to respond {o pro'lemg
as they emerced., Unfortunately no time was available Lo =4
allgu tely test the effectivencss of the various tank Types
yrior Lo implementation, due to "he ceaverity of water

problems experienced in Hatapai. The mujority 6f tanlka appear

to be able to hold nt least a quorter or more of a tank
full of water. There is a real necd to follow up on bLhe
repniv of lanks constructed if possible.

The Hatapai water tank project should nobt be vicwed as a
discrete activity which is now complete. There isc a

ne-d to Tollow throuzh the project - to ensurc tanks wre
repaire! i€ pos:ible and properly/hygicnically maintnined.
Recular vigits by a technical pergon capable of advising
houscholds on' the maintencence of their tanks are needed
(pos-ibly on a yenrly basis).

The ~ducntion anl training of local villoze pecorle in

Hatanai in the construction, maintenance and repair ol water

tanke ig built to be a crucial compencnt relative to
improvin:; llatapaits "later supply situntion,
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RECOMMENDATI

That further investigation be carricd out to
determine the best means of repairing lenking -
tanks (zincalume, 1liuvola and Y.I.O.).

That such repairs be carried out if possibvle and/or
appropriate advice be given to local neorla to enabl:»
them to complete repairs thems:lves.

That omphasis be siven to the education and trainins of

loenl vi'lase people in such are 23 constructing,
mrintainine and repairin- water t:nks anl congerving
vnter use,

Thal thic project continues to be muintained and
the pogzibility of a technicinn c~pabln of visitincg
Ha'apai on a yexrly basis to provide technical
cuidance to local peonrle on their wiater tanks,

be considered.

Thnt lon~ term resenrch be carried oub poscibly
throurshh much institution as the USP Avpropriate
Tchnolony Section to te further i-veclinate the
most ~pproprinte t;pes of water t~nlks for Ton/:nn.
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ATTENNIX 1:  ISLANDS VISITED AND TAULIS _SURVEYED

16 ATNIL 1985

- lanzo Island {16 zivcalume Tanks)
- TFonoifun Island (20 Zincalume T nks)
- Nomuka Island (30 zincalwnre Tanks)

17 ATTTL

- llomukz Island (70 Zincalume Tanks)
- '"Qtua Island (24 Zincalwmz T nks)
- Ha'vleva Island (25 Hiuola Ferro-Cement Tanks)

18 ATRIL

latafeva Island (18 Niuola Fer:o-Cement Tunks)
- Tunsua Island (38 Niwola Ferro-Ccment T nks)
- Totu Island (34 Zincalume T nks)

- Hatulu Island (21 2inc lume T nks)

19 AT2TL

- Totuha'a Island (20 Zincalume Tonks)

- Lofanza Island (50 Zincalwme T'nks)

- 'lo'ungatone Island (33 Niuwola TFerro-ccment Tankg)

20 AIIL

- 'gihe Village, 'Uiha Island (82 1'ivola Ferro-Cement Tanko)
- Felemea Villiase, 'Uiha Island (61 lliwola Ferro-Coment Tanks)

22 AIRIL

- Fokalinkal Villase, Ha'ano Ialand34iliuola Ferro-cemnenbt Tankg)
- Tukotnla Village, Hatano Island (20 lliwol~ Ferro-ccment Tank)
- Hatano Villaze, Ha'ano Islanl (41 lliuola Ferro-cement Trnls)
- Titon Villa<«, Ha'ano Island(18 (liuwola Ferro-cem:nt Tanl:s)

23 AIMIL
- Koulo Villnge, Lifuka Island (36 ITiuola Ferro-cem:nt monl:)

- Holopckn Villane, Lifuka Tsland (28 tliuola Ferrp-coment T nl:)
- Tangai Village, Lifuka Island (5 V.11.0. “ollul:r T nk: ol J)}




MINISTRY OF WORKS
Cable: MINWORKS
NUKU'ALOFA APPENDIX III

REF, S\if23/724/85,

9 May 1985

v\ Director of F.3.P.
HUKU Y ALOFA

Dear Sir

ks FINAL BVALUATION OF HA'APAL VATER SUPPLY PROJECT

el

Ve

from 16th - 24th April 1985,

Please find attached report on the assessment we made

P.O. Box 52
Nuku'alofa,
TONGA,

This igs also copied to all participants of the trip and
also Director of Works, Acting Assistant Secretary MOV,

Lloyd Belz and Temalati Vakasiuola.

Sorry for late submission,

Yours faithfully (L
e §

/ / ) ‘ N . .
é%?* 2o SEEETCRKT
(6& ha /%"f"‘ ' |

M ipuha™ \-3' ot
for/Director of Works L '
Vs LT IR
Attch,

cc: Director of Vorks
Acting Assistant Secretary HOW
Sitaleki Telefoni MOH
Mauwnaloa F.S.P.
Rosemary Dillon CPD
Lloyd Belz -~ VWPRO
Temaletl Vakasiuola - NWDA



APPENDIX II1I
REPORT ON FINAL EVALUATION OF HA'APAI WATER SUPPLY PROJECT
(16th - 24th April 1985)

Introduction

Vlater 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 mist thank F.S.P. not only their tremendcus assistnance to all
the people of [la'apai island group for providing water stornpe

tanks but also making this survey trip around the islands possi-
ble 50 thal all of us participating in the assessment survey
irenlised the effectiveness and success of the project despite

som technical faults of workmanship.

Zincalume Corrupgated Vlater Tanks ¢

llost. of the zincalume water tanks were constructed in a hurry

so that the consumers could store some water because durinrg

that period water was scarce. This project was under the direc-
tion of a Fijian personnel, He taught the IMOW pgroup of men how
to construct the corrugated water tanks. These tanks were unot
made of water tight by way of soldering because solder won't
arthore to zincalume, So they used flexible adhesive scnlant
applied Lo 111 jolints except the top. From my observation thev
musl have nsed 3 different sealants, None of these really stuck
on the joints due to smooth condition of the tank, You could
peel off residue on joints and it seemed that the bonding was
not 1005,

Recommendaltion ¢

(a) A1l leakina joints should be dry and clean and a more
suitable adhesive sealent should be used to patch up
.the joint, -

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

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

cos/2-
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2.

Ferrocrete Cement VWater Tanks :.

llost of Lhese tanks are leaking, mainly at the botltom and
bottom joint where it meets the cylindrical wall, The Hiuola
taught and demonstrated to the people of every island villages
uf ln'apai Group of how Lo construct the tanks, TFrom there
onvards the people made the tanks under supervision of Lhe
Niuola, ‘

The way I see il, they constructed the wall then Lhe bLoltom
and the top. It's OK but I pguess care was not taken when
treading on reinforced wire and also rendering the wall mnde
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'apal group where ground is sandy
and porous which ahsorbs moisture and wet cement leaving sand
only for the bLottom while pouring mix to make bottom floor,

These tanks were made of 7 bags of cement. Ilow vou can
visualise what happened in the construction of each tank uhnt-
eaver cemenl left to do the botlbtom was so limited. It i5 a
pity that the bottom sheould be stronper and water proofed to
vithstand the pressure which is exerted on 1it, bul did not
comply., '

Roconmendalbion

(2) Tt is very expensive to correct the tanks bul a chenper
vay Lo bLackle this is by patching up cracks on wall with
ordinary mortar,

(b) ‘The bhottom flocr should be dry and clean., An assorlments
of waler prooflne agents or products which applied to
extsting floor before a new mix can be poured,

(c) If the wall needs to be thickened, I suggest that Lhe
existing wall should bLe coated wilh water proofins chemie
cal on inside wall before applying additional rendering,

(1) # strands of barhed wire should be added to within /100 mm
off the bottom horizontally to wilbstand tension cracks
caused by pressure when tanlk is full, This only applies
to new tank construction.
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NI 1., Sateki Telefoni
Director of Health through SMO i/c (PH) & SHI

Re: Tinal Evaluation of Rain VWater Ochemes
nt la'apai Group build by F.3. '« under
UeSe Programme

I would like to forward the report of the nbove evatuntion
vhich wng corried out by the team consist of F.3.P siaffg,
representntive from Central Planning, "inistry of Viorks and
rrgell Trom the Ministry of Health, the purpose of thin gurvey
to nwire of the present situntion of this vurticular project,
which his been done on 16th to 24th ipril 1935,

I'ethod of burvey

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

The informoations and datas that related to this survey,
vere collected similarly by the team members from every sin:-le
tank, hovseholder's ~pproached were very interested to the tesm
to moke good efforts on reporting.

Recommendations wos approved by tho tem to individuvally
process nnd submit to their own director for his anproval and
further consideration snd take necessary aclion,

Sir, finally, details and recommendeations of thig
ev~lvation attoched,

Yours Tnithfully,

K
/
Latu G. Telrnfoni
Hlenlth lnapactor.

1557/ 50
Yﬁf&ﬂﬂfyﬁ

o Q8D
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F'v survey wag based on these following cntercries.
te Type of tank and it3 nnature ointe
2. nter capnelty durine obgervoation
3+ Gubterin~ naterials
4. leakins tonk '
5« Connumer's information
1. Jvpe of ‘ank
e lnenlune sheets were connected with pufehings
chendenl component, and when its fwll copoeify
( 1000 enlg) the wv*nr preasnurns hecomn abroneor
il extend the tonk's aire 2vd ~ive rian to non
ont uith noanall tiny holes on both wall and
bottorn of the fonk.
he lerro-cerent btank (2250 ralg) made o a~rd mixad
with 7 hopmg of cement for every sin-le 1apk, ~na
wi1lad =i{h wiremesh and the thiclnesa of the tonl:
od ahoub §/8 1inch.
2. aler Crpncibys Full copneilty to half ™31 crmelty, T

reconnanded this agtore ng a minor lecka ond provide mdnor
re~nir, and from holf full cnpacity down to oorp1n'n]‘ AL
T therefere reenrmended this atnpe ng o ridor Jeete opd 40
nrovide major repuirs,

7. OLulbteringes terinla: I wea divided into ftwo jHoa on

(n) conplate nd (b) incomwplote futteringe.

a, Conplote nubtoringt wns defined aquallv for 71 guinly
of mutteras' matarinls!
h. Inconnlete guttering: wag defined an uhiker with pn

down plpe, no fnn ond”, no brecl ety
plus not nnourh ammnrlies,

4. leaking Tank: was divided into three cote~orien
a) lo leek: Tnnk with totully free of rny lerkoye
during this ohasrvation survey
b) Lenkinst An evidenco of leanks ghown on o small tiny
leaks on gides and botton of “he tan)k
e) Dot sure: Vo evidence of lea): ern bo ncen ﬂnrinp the

houwaecholder's informntion

survey tbok place It
thae vrter

gtated that

cepacity drop down very fnst,

after a horvy vnin,
ot he bhodly lenlk

goneuvhere at the hoton of 1he ten) .
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Rocourrondntions

Ne

b.

Coe

(1.

To provide » dralt estinnte by 1'.0.¥, for n extrn
exprnnes for repairine nnd to complote the puttering
oupoly for overy single tank which they vere neednd

2 minor o«nd mnjor repair, vrain to allocate 2 gourvce
of fund for tho nbove repuiring.

o provide : overflows systen for every stby:le Linenlune
Ltk snd vne ‘torction Dasing and also obt ining of

Fitting ti-ht 1id end provide sereening wire on both
ovllet nd inlet pipe.

"o oncourinte opd edvcete the public on ugline wlgely of

rain unber, porticulnrly to tho islands' people, o
niodd of 'my wnter shortare.

I abrenid telief thnt if those lecking tink ond inconplate

subherine il not repair, these con proince a mh e
health problems in future,







HA'APAlL

APPENDIX V

WATER PROJECT

FINAL EVALUATION ITINERARY

Tuesday, April 16th -

Wednesday, April 17th -

Thursday, April 18th -

Friday, April 19th -

Saturday, April 20th -
Sunday, April 21lst -

Monday, April 22nd -

Tuesday, April 23rd -

Wednesday, April 24th -

Depart Nuku'alofa, Complete Mango,
Fonoifua and part of Nomuka Islands.
Overnight Nomuka.

Complete Nomuka, 'O'ua and part of
Ha'afeva Islands. Overnight
Ha'afeva.

Complete Ha'afeva, Tungua, Kotu and
Matuku Islands. Overnight Ha'afeva.

Complete Fotuha'a, Lofanga and
Mo'unga'one Islands. Overnight
Pangai.

Complete 'Uiha and Felemea Villages.
Overnight Pangai.

Free Day. Collate Statistics to
Date.

Complete Fakakakai, Pukotala, Ha'ano
and Muitoa Villages. Overnight
Pangai.

Complete Fangale'ounga, Koulo, Holopeka
and Pangai Villages. Finalize
Collating of Statistics. Ov-.rnight
Pangai.

Depart Pangai, Return to Nuku'alofa.
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APPENDIX VI
i1t.

.

1 wonld consider the donstruction ol these tanks

acceptahle for the upcoming Norweglan aid project providing
the followiny recommended items are Included. the provision

ol

Aol Inspecteor for the constructlon say once

rer week may he ndvisable.

rC

Kecommended items for improving Hiuvela 1V V’ tank,
1. wall, Lloor and roof thickuess = 725 mm ninimnm,

2. Iustall tap 25 to 75 wwm fron the hottom of
the tank using a fitiing or ring a8 a scepage
atop.

3. Inatall the tonk at or 4" above thu gicund
level.

4. Ihe entering water to he screenend thru
u screen of standard desion,

5. tnve trough and fittings should be Included
fn the project and special nttention and training
be piven to ita dinstallottion,

b. The treahly ploced mortar nmust not he c¢xposed
to dircct sunlight, must bhe kept constuntly
vet {er one week and nunt recieve the noxt
coat vithin 2 dayao,

I. Tuo number 9 (3.5 ma) tenslon hoop wiren be
ndded ever the diamond mesh betore plastering.
[he {irat 10 cn from the hotton the second
20 e from the botton,

bo  lhe bottom cast on a plostlc shecet
and apeclal care be taken with the reinforcing
mealh plnccement,

pavid Uyler, F.S8.P. -6

Hnky Vaipuna, H.0.W,
Sitalekd Teletond, N.0LH,
Rosenary Pillon, C.P.D.
Lk, Hantila via WRC, Buva.
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WPRO - MEMORANDUM

From L. Belz To Dave Wyler, F.S.P. Date 29 April 1985
Our ref. LB/85/60 Altention

Your ref.

Qriginalor Subject ZINK @ALUM TANKS - HA'APAL.

Per our discussion in lla'apai I went over and looked
at Dostg's steel tank.,

The first thing that impressed me was the economy
in riveting. VFine idea if the rivets are perfectly
driven - an unlikely happening in Tongua. Riveting is
a fine art and involves more than hitliing the end of

the rivet with a hammer - the edge should be peened
around the cdges with a round hammer for full tightening
power.

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

If this loosengthe existing rivets reset them with
someonc inside and out using proper techniques.

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



