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I. Introduction 

On June 30, 1981, the United States Agency for International 
Development (USAID) approved a grant for the Foundation for 
the Peoples of the South Pacific (FSP) to provide partial 
support for a water supply project in the Ha'apai Group of 
islands - small isolated islands with very limited fresh 
ground water supplies. The original general aims of this 
project were: 

a. To develop new rural water supplies by building 
rain water catchment systems and groundwater 
pumping systems where feasible; 

b. To improve and/or renovate existing water supply 
systems so as to supplement the new water supply 
systems ; 

c. To improve the overall health and sanitation 
of the Ha'apai people by providing adequate 
supplies of fresh water. 

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

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

On January 30, 1985, a g r a n t  modification e x t e n d e d  t h e  term 
of the project through May 31, 1985, with no additional 
funds . 
FSP conducted three evaluations of this program in September, 
1982, January,1984, and April, 1985. The final evaluation 
completed in April of 1985 revealed that 630 tanks (80% of 
the total constructed) were leaking, 156 catchment systems 
(20% of the system) had incomplete gutter systems, and that 
a majority of the catchment systems were not being maintained 
properly to assure a sanitary water supply to consumers. 

Mr. David Wyler, FSP Tonga Country Director, recommended 
that the project be extended for a fifteen-month period 
(June 1, 1985 - August 31, 1986) to correct these problems 
and to specifically: 



a. Repair leaking tanks; 

b. Repair gutter systems as needed; 

c. Install water taps as needed; 

d. Provide further training in the proper 
maintenance and improvement of existing 
water systems. 

This extension was approved in June of 1985 bringing the 
total amount of USAID funding provided for the project 
plus the extension to US$372,113.00. The project also 
was aided at various stages with grants from,UNLCEF for 
guttering and tanks, as well as local contributions from 
the Government of Tonga and the Ha'apai villages. This 
report is the result of a final evaluation of the project 
(and the project extension) carried out during September 15 - 
24, 1986. 

As with previous evaluations of the project, FSP invited 
participation in the evaluation from government ministries 
and departments directly involved in water supply programs 
and policies. A six member team conducted the evaluation: 

Mr. Manamo'ui Kaufusi Central Planning Department 

Mr. Sepeti Kauvaka Ministry of Health 

Mr. Maka Vaipuna Ministry of Works 

Mr. Richard Stoll World Health Organization 

Mr. Maunaloa Taufahema FSP Accountant 

Mr. Jon Lindborg FSP Country Director 

FSP wishes to express its appreciation to the participants 
and their respective ministries and departments for their 
willingness to take part in this strenuous evaluation. In 
an eight day period, the evaluation team surveyed 747 tanks 
on 14 islands utilizing the Fisheries research vessel, 
'Albacore', for transport to and from Nuku'alofa and within 
the Ha'apai group. Seas were very rough the first two days 
of the evaluation but the stamina of all participants was 
exceptional. 

The insights of the Government and WHO participants were 
invaluable and the evaluation was an excellent opportunity 
to survey the water supply situation as well as view first 
hand Current conditions on many remote Ha'apai islands. 



~dministration of Project 

The Project was administered by Mr. David Wyler, FSP 
Country Director, from July 1981, through February, 1986. 
On March 1, 1986, Mr. Jon Lindborg replaced Mr. Wyler as 
Country Director who tooktup the post of FSP Regional 
Director based in Suva. Mr. Lindborg administered the 
final six months of the project assisted by an excellent 
local staff including the Assistant Country Director, 
Ms. Seini Vakasiuola, the Accountant, Mr. Maunaloa Taufahema, 
and Secretary, Ms. Tukasi Pale. 

The FSP Office administered the project funds, assisted with 
purchase and shipping of supplies to Ha'apai, and provided 
quarterly reports on the project to USAID and the Central 
Planning Department, the latest report covering the time 
period December 1, 1985 through May 31, 1986. Project 
updates were also provided on a monthly basis to the Tonga 
Village Water Committee which includes representatives 
from the Ministry of Health, Ministry of Works, Central 
Planning, Tonga Water Board, WHO, and FSP. 

The ferrocement tank repair project was implemented in the 
field by the Niuola Women in Development Organization, a 
local non-government women's development organization headed 
by Ms. Temaleti Vakasiuola. She completed her repairs in 
April of 1986. Repair of the zincalume tanks was coordinated 
by Mr. John Borman, a Peace Corps Volunteer experienced in 
tank building programs, who was assigned to FSP from 
November, 1985 through August, 1986. 

Project History 

In 1979, the Peace Corps and Government of Tonga, with 
financial support provided by USAID's Accelerated Impact 
Program (AIP), initiated a program to improve and expand 
water supplies in the Ha'apai group. The program met serious 
administrative difficulties and FSE) at the request of the 
Government of Tonga and USAID, agreed to administer the 
project. As noted in theilntroduction', FSP began its 
association with the project in July of 1981. 

The project was designed to be a collaborative effort between 
the Government of Tonga, represented by the Ministries of 
Health and Works, and FSP. Initially, a Peace Corps Volunteer, 
Mr. Tom Hicks, was recurited as Project Manager and placed 
in Pangai, Ha'apai with the Ministry of Works (MOW). He 
supervised a crew of four MOW employees to implement the 
project. 



The initial goals of this project were to construct one 
groundwater pumping system in the village of Fangale'ounga 
on Foa Island and to construct 5,000 gallon capacity 
ferrocement community water tanks, as well as adjacent 
roof catchment areas in all other villages of Ha'apai. 

This plan was however totally revised in 1982 when Cyclone 
Isaac dw.st.ated Tonga. The Ha' apai Islands were hardest 
hit with nearly 90% of the houses there either severely 
damaged or totally destroyed. 

FSP and the Government of Tonga proposed a two-year extension 
of the original grant in March of 1983 which called for the 
construction of 520 1,000 gallon capacity water tanks which 
would be provided to individual private homes. This 
project was to coincide with the Government's hurricane 
housing reconstruction program which would construct 
approximately 700 new houses for villagers in Ha'apai. 

Because an extended drought followed the cyclone for eight 
to nine months, it was decided to construct metal 1,000 
gallon tanks (Lysaught's Zincalume) because they could 
be constructed much more quickly than ferrocement tanks. 
When an evaluation of the project was carried out in 
January of 1984, a large number of the zincalume tanks 
were found to be leaking. There was also very little 
community participation in the implementation of the 
project. 

As a result, it was the recommendation of the evaluators 
that the program should stop the construction of zincalume 
tanks and start to construct ferrocement tanks. The Niuola 
Women in Development Organization was approached by the 
FSP Country Director early in 1984 regarding the possibility 
of implementing the construction of ferrocement tanks. 
The Niuola group had already been building ferrocement 
tanks of their own design on Tongatapu with active community 
participation. 

It was agreed that the Niuola group would construct ferro- 
cement tanks for the FSP Project with a capacity of 2,250 
gallons for the remainder of the project and they began 
construction of the tanks in April of 1984. A central 
thrust of the Niuola implementation philosophy was that 
villagers should become actively involved in the construction 
of tanks. To this extent, it was viewed not only as a 
tank building project but as a training project focused on 
village-based development. 



It should be noted that late in 1983, the manager and his 
MOW crew experimented with the construction of WHO 
designed 1,000 gallon capacity modular square ferrocement 
tanks. However, these proved to be too expensive and 
were also found to be inappropriate in terms of ease of 
construction in the field. After constructing five WHO 
tanks, this activity was terminated. 

The final evaluation of the project was carried out in 
April of 1985. As stated previously, the evaluation team 
found serious problems with the catchment systems and 
recommended that a 15-month extension of the project be 
initiated to correct the shortcominqs of the original 
project. The extension phase officially ended on August 31, 1986. 

IV. Accomplishment of Project Goals: 

A. Original Project (June 30, 1981 - May 31, 1985): 
The goal of the original project was to increase 
the fresh water supply in the Ha'apai Islands 
by 520,000 gallons by constructing 520 water 
tanks of 1,000 gallon capacity each. 

The project was able to achieve the construction 
of 786 water tanks with a total water capacity 
of a little over 1.5 million gallons capacity. 
Therefore, the project exceeded its goal for 
total possible water capacity by 170%. 

B. Project Extension (June 1, 1985 - August 31, 1986): 
The goals of the extension project were as follows: 

1. Repair a minimum of 630 leaking water tanks; 

2. Repair a minimum of 156 gutterings; 

3. Install a minimum of 91 water taps; 

4. Provide proper covers and mosquito screening 
for tanks as needed; 

The measurement of these goals is summarized in Table 1. 

Table 1 

A. B. Repairs Percentage 
April September Achieved of Cbal 

1985 Survey 1986 Survey (1985 total Achieved 
less 1986 total) 

No. of leaking 630 441* 189 
tanks 

No. of incamplete 156 4 8 108 
gutterings 



* Of this total of 441 leaking tanks, 
79 were judged to have major leaks and 
362 were judged to have minor leaks. 

As is clear in Table 1, the project was not successful in 
repairing a minimum of 630 tanks. In fact, it fell 70% 
short of this goal. However, it should be noted that the 
1986 survey classified leaks as either major or minor; 
major leaks being leaks which rendered the tank virtually 
useless while minor leaks were slow seeping leaks which 
did not represent significant sources of water loss. Such 
classification of major and minor leaks in the 1985 survey 
would have helped the 1986 evaluators to better guage the 
success of the project. 

In terms of repairing guttering, a much better success 
rate was achieved with 70% of the goal attained. Overall, 
evaluators found most gutter systems complete. 

Regarding the goal of installing 91 water taps on existing 
water tanks, evaluators could find no instance where taps 
had been installed. This aspect of the project was 
apparently ignored. 

Finally, the goal of providing proper covers and mosquito 
screening for all tanks as needed was partially achieved. 
This will be discussed in greater detail in the 'Evaluation' 
Section. 

V. Work Achieved 

The following figures summarize what has been accomplished 
by this project (June 30, 1981 through August 31, 1986): 

- Number of Villages Assisted: 2 2 

- Estimated Population served (I) : 5,600 

- Number of roof Catchment Areas Constructed 10 (585m2) 

- Number of 1,000 ga Zincalume tanks Constructed 
297 = 297,000 capacit 

- Number of 2,500 ga Niuola Ferrocement tanks 
Constructed 477 = 1,192,500 ga capacity 

- Number of 5,000 ga com~unity ferrocement 
tanks Constructed 11 = 55,000 ga capacity 

- Number of 1,000 ga WHO tanks Constructed 
5 = 5,000 ga capacity 

- Total Water Capacity of all tanks 
Constructed 1,549,500 ga 



- Additional Water Storage Systems 
rehabilitated(2) 462,000 ga 

- Additional Roof Catchment structures 
rehabilitated (2) 21 (420m2) 

- Number of village groundwater pumping 
systems constructed 1 

1. Based on latest Mini-Census 

2. Refers to repair work completed by FSP to structures 
which were damaged in Cyclone Isaac in 1982. 

VI. Evaluation 

A. Evaluation Methodoloav 

The six-member evaluation team visited the Ha'apai 
Islands during the time period September 15-24, 1986. 
(See Appendix I for schedule). Two of the six, 
Mr. Maka Vaipuna from MOW and Mr. Maunaloa Taufahema 
from FSP, had taken part in the evaluation in 1985. 
Their insights were especially useful as they had 
surveyed the water tanks before the repair project. 

Where possible, village town officers assisted the 
evaluators with their survey. However, it must be 
noted that in a number of villages, town officers did 
not even bother to assist the evaluation team. This 
occurred in spite of the fact that messages had been 
announced o v e r  t h e  r a d i o  s t a t i o n  r e g a r d i n g  t h e  v i s i t  
of the evaluation team. 

Each tank was visited by all team members with each 
member recording his observations on an evaluation 
form, As much as possible, 
evaluators attempted to consult with actual tank owners 
as to the condition of their tanks. 

All islands were surveyed except Tofua (8 zincalume tanks) 
and Mo'unga'one (35 Niuola ferrocement cement tanks) 
due to time limitations. Data on all tanks surveyed 
was collated at the end of the trip in Nuku'alofa 
by team members and it was agreed that each non-FSP 
evaluator would submit his own report to be included as 
part of the FSP evaluation (see Appendices 2, 3, 4, and 5) . 



Rains had been sufficient prior to the survey 
to insure that tanks surveyed should contain 
significant quantities of water if they had 
functional gutter systems and did not have major 
leaks. 

B. Zincalume tanks 

Of the 297 zincalume tanks constructed, 289 were 
surveyed. These tanks were constructed by a 5-man 
MOW work crew under the supervision of two Peace 
Corps Volunteers and one British VSO Volunteer 
during the time period June 1983 through February 
1985. The final evaluation of April 1985 revealed 
that 80% of these tanks were leaking. 

The FSP Evaluator noted that the leaking was most 
due to poor workmanship attributable to: 1. improper 
training of the MOW work crew by the tank suppliers 
(Lysaughts Fiji); and 2. poor supervision of the 
MOW work crew by the volunteer project managers. 

Mr. John Borman, a Peace Corps Volunteer who had 
previously worked on a tank project in Fiji, began 
working on the repair of the zincalume tanks in 
December of 1985. He found that most leaks were 
occurring along the riveted seams of the tanks and 
devised a method of repairing the tanks from the 
outside which involved prying open the seams, inserting 
boat caulking, and then using cement to seal the length 
of the seam. Mr. Borman also advised tank owners on 
general maintenance of tanks and gutters and, as much 
as possible, involved actual tank owners in the repair 
of the tanks. 

The condition of the zincalume tanks as determined 
by this survey is summarized in Table 2 . Total 
capacity of surveyed zincalume tanks is 289,000 gallons 
Estimated quantity of water in tanks at the time of 
the survey was 136,750 gallons which means that 
approximately 47% of the total capacity was available 
to consumers,or 77 gallons per consumer. 

As is shown in Table 2 , 80% of the tanks were found 
to be leaking in 1985 compared to 70% in 1986. Hence, 
there was no significant improvement in the number of 
non-leaking tanks. Of this 70% total, 59% were termed 
minor leaks while 11% were termed major leaks. Minor 
leaks were most commonly confined to slow seeping 
along the seams while major leaks were most frequently 



f o u n d  a r o u n d  t h e  j o i n t  b e t w e e n  t h e  s i d e s  a n d  b o t t o m .  
I n  a number o f  cases, r u s t i n g  w a s  a major c a u s e  o f  
l e a k i n g ,  e s p e c i a l l y  a r o u n d  t h e  t a p s  a n d  o n  t h e  b o t t o m s  
o f  t h e  t a n k s .  

O b s e r v a t i o n s  r e g a r d i n g  t h e  z i n c a l u m e  t a n k  i n c l u d e  
t h e  f o l l o w i n g :  

1. V a r i o u s  a t t e m p t s  had  b e e n  made t o  r e p a i r  t a n k s .  
Most o f  t h e  r e p a i r s  w e r e  d o n e  o n  t h e  o u t s i d e  o f  
t h e  t a n k s  w h i c h  i n  m o s t  cases a p p e a r e d  t o  b e  
i n a d e q u a t e .  I t  was c l e a r  t h a t  t h e  o n l y  way t o  
r e p a i r  t h e  t a n k s  i s  c a u l k i n g  f r o m  t h e  i n s i d e  
a l o n g  t h e  l e n g t h  o f  t h e  seams .  

2 .  T a p s  w e r e  a  p a r t i c u l a r  p r o b l e m  o n  most t a n k s .  
They w e r e  o f  p o o r  q u a l i t y  and  w e r e  t h e  s o u r c e  o f  
many l e a k s .  I n  many c a s e s ,  t a p  damage was  d u e  
t o  p i g s .  

3 .  The p r o b l e m  w i t h  p i g s  was p a r t i c u l a r l y  e v i d e n t  
on  Nomuka. S i n c e  t a p  a r e a s  w e r e  n o t  f e n c e d  o f f ,  
a r e a s  a r o u n d  t h e  t a n k s  had  become p i g  w a l l o w s .  
T h i s  e x a c e r b a t e d  p r o b l e m s  w i t h  t a p s  a s  w e l l  a s  
c o n t r i b u t i n g  t o  servere  eros ion a r o u n d  t a n k s  c a u s i n g  
many o f  them t o  b e  o f f  l e v e l ,  e s p e c i a l l y  i n  s l o p e d  
a r e a s  o f  Nomuka. 

4 .  T h e r e  was  a  d i r e c t  c o r r e l a t i o n  b e t w e e n  t h e  g e n e r a l  
l e v e l  o f  v i l l a g e  n e a t n e s s  a n d  t h e  c o n d i t i o n  o f  
t h e  t a n k s .  C o n d i t i o n s  o n  Nomuka were t h e  worst  
( p r i m a r i l y  d u e  t o  r o a m i n g  l i v e s t o c k  a n d  p o o r  

m a i n t e n a n c e  o f  home a n d  v i l l a g e  a r e a s )  a n d  
z i n c a l u m e  t a n k s  w e r e  i n  p o o r  c o n d i t i o n .  I n  c o n t r a s t ,  
K o t u ,  Mango a n d  F o n o i f u a  were o b s e r v e d  t o  be v e r y  
c l e a n  a n d  t a n k s  w e r e  g e n e r a l l y  i n  good c o n d i t i o n .  
Tank o w n e r s  had  c l e a r l y  t a k e n  an  i n t e r e s t  i n  
m a i n t a i n i n g  t h e i r  own t a n k s .  T h i s  was e s p e c i a l l y  
t r u e  o n  Mango a n d  F o n o i f u a  w h e r e  a l l  l i v e s t o c k  i s  
e i t h e r  p i n n e d  u p  o r  t i e d .  

5 .  G u t t e r i n g  was  a  m a j o r  p r o b l e m , e v e n  t h o u g h  9 0 %  o f  
g u t t e r  s y s t e m s  w e r e  c o m p l e t e .  Downpipes w e r e  
f r e q u e n t l y  f o u n d  t o  be  m i s s i n g  and  g u t t e r s  w e r e  
o b s e r v e d  t o  be p o o r l y  p o s i t i o n e d  o r  f a l l i n g  
a p a r t  a t  seams .  G u t t e r  p r o b l e m s  i n  m o s t  
c a s e s  a p p e a r e d  t o  b e  d u e  t o  o w n e r s  n o t  h a v i n g  a n  
i n t e r e s t  i n  a n d / o r  knowledge  o f  how t o  f i t  g u t t e r  
s y s t e m s  back  t o g e t h e r .  B e c a u s e  o f  t h i s ,  many 
t a n k s  w e r e  n o t  f u l l  s i m p l y  b e c a u s e  o f  p o o r  c a t c h -  
ment  e f f i c i e n c y .  F o r  e x a m p l e ,  a  20  f o o t  s e c t i o n  o f  



gutter might only have 6 feet of usable gutter, 
even though 30 minutes of effort on the part of 
the owner would render the whole gutter system 
usable. Also, many gutters were full of leaf 
debris. 

6. Although strainers had been provided with tanks, 
many of them were missing or were not being 
maintained by tank owners. As a result, many 
tanks had refuse in them and also served as 
breeding habitats for mosquitos. 

Overall, the repair of zincalume tanks was not successful 
even though the repairs necessary for most tanks are of a 
simple nature. Repairs of the tanks should have instead 
focused on sealing integral seams from the inside albeit 
this requires much more effort on the part of the repairers. 
This of course entails cooperation on the part of tank 
owners, which given the observations made in a number of 
villages, is questionable. Hence, many of the problems 
with the zincalume tanks relate more to attitudes of tank 
owners than strictly to technical aspects. 

Still, it must be stated that zincalume tanks are only a 
short term solution for rural water supply. Given the 
problems of corrosion, most tanks will only provide a 
servicable life of 10-15 years at which time they will have 
to be replaced. They also tend to be very delicate insomuch 
as striking them with objects such as sticks or moving 
them tends to cause the seams to leak. Finally, there is the 
aspect of community participation which proved to be minimal 
given FSP's experience. Therefore, the decision to switch to 
building ferrocement tanks in 1 9 8 4  was a proper one. 

The approximate average cost to construct one zincalume 
tank in this project was TS290.00. This figure includes 
materials, labor, and freight, but does not include 
guttering. 

C. Niuola Ferrocement tanks 

Of the 4 7 7  Niuola tanks constructed, 4 4 7  were surveyed. 
The Niuola tank is of local design and has a capacity of 
2,250 gallons. These tanks were constructed by the 
villagers themselves under the supervision of a work crew 
from the Niuola Women in Development Association during 
the time period of April 1 9 8 4  through March 1985. 



The Niuola supervisory crew would initally train a group 
of people in a village in building one or two tanks. This 
group would then be responsible for supervising the 
construction of tanks in the village. Each home was given 
the necessary materials (cement, wire, forms) to construct 
the tank with each household providing the labor. 

The final evaluation of April 1985 revealed that 81% of 
these tanks were leaking. The FSP Evaluator recommended 
that the Niuola group be asked to repair the tanks by 
doing the following: 1. Providing a 6-person supervisory 
crew to implement training of villagers in ferrocement tank 
repair and general maintenance of catchment systems, and 
2. Replastering the inside of the tanks with an additional 
four bags of cement paying particular attention to the walls 
and floor. The Niuola completed its repair work early in 
1986. 

The condition of the Niuola ferrocement tanks as determined 
by this survey is summarized in Table 2 . Total 
capacity of the surveyed tanks is 1,005,750 gallons. 
Estimated quantity of water in tanks at the time of the 
survey was 533,812 gallons which means that approximately 
53% of total capacity was available to consumers,or 206 
gallons per consumer. 

As the figures in Table 2 show, there was a marked 
improvement in the number of non-leaking tanks from 11% in 
1985 to 42% in 1986. Of the total of 52% leaking tanks found 
in the 1986 survey, 42% were classified as minor leaks while 
10% were classified as major leaks. Minor leaks were 
generally slow seeping leaks caused by fin? cracking in 
the sides of the tanks. These leaks have a tendency to 
seal themselves over time. Major leaks were most frequently 
confined to leaks in the tank floor or the joint between 
the tank sides and floor. Figures for levels in the tanks 
were: 6% empty, 34% 4 full, 23% Jj  full, 158 3 / 4  full, 22% 
full. 

Interviewwith tank owners revealed that the repair of 
many tanks was not carried out as originally set forth in 
the extension project. A number of tanks were in fact 
emptied, pried up off the ground, dry cement was poured 
underneath the tank, and the tank was reset. This practice 
did not alleviate leaking and in most cases caused leaking 
to become worse. In several cases, tanks were completely 
destroyed by this procedure. 

Comments regarding the Niuola ferrocernent tanks include 



the following: 

1. Workmanship varied widely from village to 
village and even from household to household. 
Some tanks were very well constructed while 
others were clearly substandard. This was 
undoubtedly due to the method of having tank 
owners construct tanks themselves with little 
technical supervision. 

2. There appeared to be no set design for the tanks. 
Tank sizes varied with most of them being non- 
symmetrical in shape. 

3. Floors and foundations of tanks were particularly 
a problem. No plastic moisture barriers were 
placed underneath the tanks and many tanks 
appeared to have inadequate foundations to support 
the total weight of a full tank of water 
(approximately 10 tons) . 

4. Some tanks were built into the ground a depth 
of 2 to 4 feet. In some cases, this was necessary 
because the catchment area on a house was very 
low to the ground. Such tanks did not have taps 
and water was dipped out of the opening on the 
top. This creates a situation where contamination 
of the water with debris is likely as well as 
allowing mosquitos to enter to lay eggs. Many 
such tanks were clearly a health nuisance. 

5. Taps on tank were of poor quality and were often 
the source of leaking. As with the zincalume tanks, 
pigs were a.problem around taps,but not to as 
great an extent. 

6. Many tanks in the village of Ha'ano had flat roofs 
which were structurally f1aw:ed and caving into 
the tanks. 

7. Few strainers were on tanks and many tanks were 
missing lids. Once again, this contributes to 
the problem of debris and mosquito larvae in 
water. 

8. Gutters, as with the zincalume tanks, were generally 
complete. Problems, when observed, related to 
maintenance of gutter systems by tank owners. 

Generally, the Niuola ferrocement tanks were in better 
condition than when the same tanks were surveyed in 1 9 8 5 .  
Once again, there was a direct correlation between the 
condition of tanks and village conditions as a whole. The 



village of 'Uiha had the greatest number of tank problems 
while the best tanks were found in Ha'afeva, Koulo and, 
Holopeka. 

In some ways, one must question the original wisdom of 
attempting to repair some of the worst Niuola ferrocement 
tanks in Ha'apai. A number of the tanks, especially in 
'Uiha, were simply not repairable, their level of original 
workmanship being so poor. Other tanks which had been 
repaired were better in terms of water holding capacity. 
However, it was clear to evaluators that the original 
quality of construction was the single most important 
factor in determining whether or not a tank was servicable. 
As the WHO Engineer pointed out, carrying out major repairs 
of poorly constructed ferrocement tanks is exceedingly 
difficult because new cement will not adhere to old cement 
without proper cleaning and chemical treatment. Moreover, 
if there is not a substantial foundation and water barrier 
below the floor and sides, major bottom leaks will be a 
problem. Unfortunately, a number of the Niuola ferro- 
cement tanks were simply not well built. 

However, as was stated previously, the decision to begin 
the construction of ferrocement tanks was correct. 
Ferrocement tanks clearly are the best choice for individual 
household water storage and have the added advantage of 
long durability - up to 25 years. They also have the 
advantage of allowing more active community participation 
in water supply projects as was demonstrated with this 
scheme. 

There is a caveat in emphasizing community participation 
and that is not to neglect the technical components of 
tank building. The construction quality of the Niuola 
ferrocement tanks could have been improved dramatically 
if supervision by knowledgable people had been provided 
for each tank. Granted, this may ultimately slow a 
project down, but project managers are expecting too much 
when they believe that outer islanders are capable of 
building durable ferrocement tanks without close supervision. 
This also means that the project manager should inspect 
project progress frequently (preferably as each village is 
finished) so that any problems encountered may be corrected 
early in the project and not attempted at the end. 

Finally, the accomplishments of the Niuola group in 
building 477 tanks under difficult conditions in these 
remote outer islands should not be overlooked. The Niuola 
grou? should be complimented for this monumental task, even 
though their enthusiasm may have exceeded their technical 
expertise at times. 



The approximate average cost to construct one Niuola 
ferrocement tank was TS160.00 which included materials, 
labor, and freight, but did not include guttering. 

WHO Ferrocement tanks 

Only five tanks of this type were constructed in 
this project. They were not included in the repair 
project. 

As shown in Table 2 , four of the tanks were 
leaking - two with major leaks and two with minor 
leaks. Two tanks were empty, one tank was % ful1,and 
two tanks were full bringing the total surveyed 
level to 2,250 gallons or 50% of total capacity when 
full. All tanks except one were being utilized as 
community tanks. 

As was stated in the 1985 evaluation of the project, 
it was FSP's experience that these modular square 
ferrocement tanks of 1,000 gallon capacity were 
inappropriate for use in the Ha'apai group. The 
construction of the prefrabicated sections 
(approximately 5 feet by 5 feet) was carried out at 
the project workshop in Pangai and the tanks were 
then assembled in situ. 

Comments on the WHO tanks include the following: 

1. Construction of panels requires, relatively 
sophisticated equipment - a vibrating table, 
imported high tensile stee1,and steel fibre. 

2. Transport of panels is difficult, especially 
if attempting to transport in small open boats 
as is the norm in Ha'apai. Each panel weighs 
80 - 100 pounds. 

3. More than one supervisor is required to 
efficiently construct tanks - one for panel 
production and one on site to assemble the 
tank. Also, a minimum of two 4-man crews 
are needed to run both operations simultaneously. 

4. Because of the relatively high technology 
involved in producing the tanks, little to no 
participation of tank owners is possible during 
construction and assembly. 



5. High overhead makes the tanks more expensive 
than alternative tanks. The WHO tanks 
produced by FSP in 1983 and 1984 were estimated 
to cost in excess of TS300.00. 

Therefore, I would strongly advise against any future use 
of WHO modular tanks in water projects, even though the 
same construction methodology is currently being used 
quite effectively in building WHO pit latrines and bath- 
houses in Tonga. However, for water tank purposes, the 
WHO design is inappropriate. 

5,000 Gallon Ferrocement Community Water Tanks 

Of the eleven tanks constructed by the project, six 
were actually surveyed. ~ i v e  of the six tanks had 
no leaks while one tank had a broken off tap which 
had not been replaced. All five tanks with no leaks 
were completely full and were available for community 
use. 

These tanks were built during the time period October, 
1981 through May,1983, prior to the construction of 
the zincalume tanks. Alongside these tanks were built 
roof catchment areas. The tanks surveyed were of 
excellent quality and gutters were also in excellent 
condition. 

Whereas in the past villagers were dependent on 
community water tanks for year-round water supplies, 
the provision of private water tanks has dramatically 
decreased the dependence on community water tanks. 
Because water tanks located next to their homes are 
much more convenient, villagers naturally use them 
for water supplies. 

The important implications of this are that community 
water tanks may serve as backup sources of water 
during periods of drought and may also be sources of 
water after natural disastes such as cyclones. Every 
village surveyed by the team had at least one govern- 
ment community tank of at least 10,000 gallons capacity. 
By and large, FSP and government community tanks 
appeared to be well maintained. 

It was clear that there is a role for both individual 
water tanks and community water tanks in outer island 
villages. With proper supervision and training in 
tank maintenance, individual water tanks clearly have 
the potential of improving overall health and sanitary 
conditions. Likewise, community tanks have an important 



function in providing reserve fresh water sources. 

F. Gutterinq 

Plastic guttering was provided by UNICEF for every 
tank constructed in this project. Gutter materials 
provided included 2 gutters, 1 downpipe, 1 rainhead, 
2 stopends, 1 joint, 5 brackets, and 2 bends. Some 
houses had a little more, and some less, depending 
on the size of the house. 

Overall, the survey found that 94% of the gutter 
systems were complete. Common problems encountered 
with gutter systems were missing stop ends, too few 
hanging brackets, and poor maintenance by owners. 
There is a great need to improve existing guttering 
by training tank owners in hanging guttering properly 
so water catchment is maximized,as well as keeping 
gutters clean. 

Another observation made by the survey is the importance 
of catching water from all available roof space on a 
house. A number of houses had gutters on both sides 
of the roof and tanks connected to such systems were 
generally 3/4 full or full. This is especially true 
with the hurricane houses which are the most common 
house type in the Ha'apai group. Roof areas on 
these houses are not very large and catchment 
efficiency could be doubled if guttering was provided 
for both sides of the roof. Future programs should 
seriously consider providing double gutters on 
hurricane houses if funding is available. 

G. Groundwater Pumping System 

One pumping system was constructed by this project in 
the village of Fangale'ounga on the island of Foa. It 
was constructed by the MOW work crew in 1982. A 15 
feet deep well was hand dug by villagers about % mile 
to the east of the village. A 3% h.p. diesel motor 
and centrifugal pump were installed at the well site 
and a small building was constructed to house this 
equipment. Water is pumped to a 3,000 gallon metal 
tank (provided by UNICEF) standing on a 22' tank 
stand. Water is piped to eleven taps in the village. 
A village water committee is in charge of maintaining . 
the system and raising and collecting funds for the 



purchase of diesel fuel and oil. Overall, the 
system is functioning very well. Water from the 
well is used primarily for agricultural purpose. 

It was reported that occasionally, the water level 
in the well falls below the intake pipe. The WHO 
Engineer felt that this was most probably due to 
tidal fluctuations of the water lens and not to 
overpumping. It was observed that the system could 
be improved by the provision of a test valve outlet 
so that pump output could be measured. Also, bore 
holes need to be covered. 

The system serves a population of approximately 220. 

VII. Summary and Recommendations 

A .  Summary 

Over a period of five years, this project has constructed 
and repaired 790 water tanks and one groundwater 
pumping system. Approximately 5,600 people in 22 
villages on 16 islands have directly benefitted from 
this project. The total direct and indirect costs 
for the project were US$372,113.00 which translates 
into a costjbenefit ratio of USS66.45 per beneficiary. 
Total fresh water storage capacity was increased by 
approximately 1.5 million gallons at an approximate 
cost of USS.25 per gallon. 

The initial goals of the project have clearly been 
achieved in that fresh water supplies in Ha'apai have 
been increased significantly with the concomitant 
effects on improved health and sanitation. Overall, 
living conditions have been improved in Ha'apai over 
the past five years because of this project and the 
Government Hurricane Housing Program. 

The history of this project and the lessons learned 
in the process point to certain shortcomings in its 
design and implementation. There is no question 
that round ferrocement tanks are the best choice for 
use in rural water supply projects. The main advantages 
of ferrocement over other tank construction materials, 
such as zincalume, are its cheapness and common 
availability of materials, easy working using a 
minimum of expensive equipment, and durability. Moreover, 
the users of the ferrocement tank can help in collecting 
sand for the mortar and in doing most of the heavy 
construction work; in this way they can contribute 



work instead of capital which they may find 
difficult to provide. Hence, the experiences of 
this project demonstrate that round ferrocement 
tanks are the best choice for this type of project. 

It is indeed unfortunate that the initial phases 
of the project experimented with various tank types 
before it was realized that round ferrocement tanks 
represented the best and most appropriate technology. 

The leadership provided by the Niuola group is 
admirable. They totally involved tank recipients 
in the construction of tanks. Community participation 
was outstanding. However, their construction 
methods tended to be substandard. Closer consultations 
with engineering consultants on initiation of ferro- 
cement tank construction to establish a standard 
design,much closer supervision of actual construction, 
and closer attention to quality control would have 
resulted in much higher quality tanks. 

As the last fifteen month repair phase of the project 
demonstrated, repairing ferrocement tanks with serious 
flows is very difficult. On the other hand, smaller 
leaks often seal themselves or can be easily repaired. 
Still, it is important to do the job right the first 
time. This means starting with a proven design and 
supervising work closely. 

The most critical aspect that needs to be addressed 
more closely with regard to water projects in the 
outer islands is the human element. It must be 
remembered that tanks are used by people. Without 
close consultations and involvement with tank 
recipients as to what is expected from them in terms 
of taking responsibility for maintaining tanks, the 
negative public health implications are clear. This 
was very evident on Nomuka as mentioned earlier. In 
some ways, one must wonder if certain villages in 
the Ha'apai group are suffering from an "aid overload". 
Yet in those villages where people take obvious pride 
in the general upkeep of their homes and community 
areas as was observed in Kotu, Ha'afeva, Mango, and 
Fonoifua, the demonstrable positive effects of the 
water tank program are clear. 

Hence, to insure better upkeep of water tank systems, 
project implementors need to pay more attention to 
training tank owners in total system maintenance. 
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Attempts should also be made to include in the program 
design incentives to insure owner cooperation with 
program expectations. This might best be achieved 
by the requirement of an actual cash contribution 
towards the cost of the tank. Finally, closer co- 
ordination with the Ministry of Health is imperative. 
Project implementors need strong support from Public 
Health Officers, as well as Town Officers, to 
effectively impress upon tank owners the need to 
maintain tanks. Training and enforcement must be 
improved. 

Regarding the issue of individual versus community 
tanks, I believe there is a place for both types of 
tanks in the outer islands. Programs should not 
ignore one tank system at the expense of the other. 

B. Recommendations regarding existing water tank systems 
in Ha'apai 

1. Public health issues must be tackled. This means 
that Health Inspectors, with the cooperation of 
Town Officers, must work with villagers in 
improving overall community sanitation levels. 
This not only includes improving tank maintenance 
but addressing the problem of roaming livestock, 
particularly pigs. 

2. Engineering advice should be sought on how best 
to repair metal tanks which are still leaking. 
Tank owners should be trained in how to carry out 
repairs themselves. 

3. Niuola ferrocement tanks still in need of repairs 
should be the responsibility of the Niuola group. 
However, before they initiate any repairs, they 
should be thoroughly trained in proper methods 
of repairing tanks. 

4. Even though the repair phase of this project was 
not 100% effective, given the increase in overall 
fresh water supply capacity made possible by the 
program, further funding for the Ha'apai Water 
Supply Project by U S A I D  is not recommended at 
this time. 



C. Recommendations for future water supply programs 

1. The current policy of providing individual water 
tanks should be continued. However, existing 
community tanks should be maintained and renovated 
as necessary so that reserve fresh capacity is 
available in each rural village. 

2. Future programs should build round ferrocement 
tanks. Construction design should be reviewed 
in detail by a competent engineer familiar with 
water tank design in the South Pacific. A 
standard design should be adopted so minimum 
quality standards may be measured upon completion 
of the tank. 

3. Prior to the initiation of the program, a 
thorough survey of all recipient households 
should be made by project implementors and 
Ministry of Health personnel to: 

a. determine location of the tank on each 
'api along with necessary'gutterings; 

b. thoroughly explain to tank recipients 
the implementation methodology of the 
program and to make clear their responsibilities 
of participating in the program and maintaining 
tanks after construction. Those individuals 
who do not want to accept these responsibilities 
should be excluded from receivinq a tank. 

4 .  Care should be taken by the implenenting agency 
in choosing a competent and experienced construction 
supervisory team. Such a team should have a 
demonstrated record of constructinq high quality 
tanks and should also have the ability to work 
wlth villagers and involve them in the actual 
construction process. 

5. Serious consideration should be given to the 
possibility of having villaqers contribute not 
only labor, but also capital, in the form of 
materials or cash. This would increase the 
incentives for tank owners to maintc3in t h e i l -  
own tanks. 

6 .  Each tank constructed should be directly 
supervised by the construction s~pervisor}~ t e a m  
to insure proper mixinq of cement and prok>c.r 
buildinq techniques. 



7. If funding is available, smaller roof areas 
should be provided with double gutters to 
maximize catchment efficiency. 

8. Tanks should be inspected soon after completion 
to assure quality standards. At this time, 
clear instructions should be provided to owners 
regarding maintenance of the catchment system. 

9. Coordination and cooperation between the 
implementing agency, the Ministry of Health, 
and town officers is very important. Ministry 
of Health should dispatch Health Inspectors 
to villages on a scheduled basis to make sure 
that tanks are being maintained as well as to 
enforce minimum sanitary levels in villages. 

10. Training in tank maintenance should be provided 
to villagers in an ongoing basis by community- 
based groups. 
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ITINERARY FOR FINAL EVALUATION TRIP 

FOR HA'APAI WATER SUPPLY PROJECT 

Mon. September 15th Leave Tongatapu 6:OOAM 

Part of Nomuka, overright Nomuka 

Tues . I 1  16th Complete Nomuka, 'O'ua, overnight 
Ha ' af eva 

Weds. II 

Thurs. I 1  

Fri. 11 

S a t .  I 1  

Sunday I 1  

Mon . I 1  

Tues. 11 

Weds. 11 

17th Tungua, Ha'afeva (one group) ; 
Kotu, Matuku (other group) 
overnight Ha'afeva 

18th Fotuha'a, Lofanga, overnight 
Pangai 

19th Fakakakai, Pukotala, Ha'ano, Muitoa, 
overnight Pangai 

20th 'Uiha, Felemea, overnight Pangai 

21st Pangai 

22nd Pangai (Koulo, Holopeka) 

23rd Fonoifua, Mango 

24th Return to Tongatapu 
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A s  we alZ m, water is  one of ou r  most important  and most 
useful aeaeteg$ty i n  everyday l i f e  and we do n o t  always remember 
i t s  importanob when i t ' s  p l e n t i f i l ,  bu t  when it is scarce and 
very l i t t l e  w e t i l a b l e ,  t h e n  we r e a l i s e  how t o  u se  it t h o u g h t f u l l y  
and how t o  aave it from wasting and leaking.  

A l l  ove r  t h e  i s l a n d s  of Ha'apai Group, t h e  first t ime i n  h i s t o r y  
t h a t  t hey  e v e r  sscessed water  t anks  f o r  i n d i v i d u a l  homes i: g ran ted  by F.S. . It w a s  observed dur ing  t h e  survey,  t h a t  t h e  
community t anks  e s p e c i a l l y  i n  Kauvai D i s t r i c t  were a l l  f u l l  o f  
wate r  c l e a n  and locked up f o r  l a t e r  use. Because of F.S.P. Tanks, 
no one wants t o  t a k e  wate r  from community t anks  because i t ' s  t o o  
fa r  whi le  F.S.P. t a n k s  a r e  s tood  by each house, bu t  when F.S.P. 
t a n k s  run d r y  t h e n  they  w i l l  have t o  use t h e  community tanks .  

ZINCALUME WATER TANKS: 

General ly  speaking t h e s e  t anks  were no t  s o l d e r i n g  type, 
because zincalurne does n o t g e a c t  t o  so lde r ing  processes  s o  it 
w a s  recommended t o  use  adhejve s e a l a n t .  A s  you can s e e  t h e  
t a b l e ,  most t anks  leak.  The s e a l a n t  d i d  n o t  adhere  t o  zincalume 
p rope r ly  due t o  o i l y  r e s i d u e  from manufacturing, Then t h e  
r e p a i r  work was n o t  done proper ly  due t o  t anks  s t i l l  con ta in  
water ,  s u r f a c e  d i r t y ,  and most of a l l  should have been done 
from i n s i d e  no t  ou t s ide .  

A s  I observed most t anks  of t h i s  type a l though they  were no t  
;3rofessionally done i n d i v i d u a l l y ,  each on2 o f  them, it seezed from 
l a s t  yea r  r e p o r t  that t i le bottom and s i d e s  a r e  prime weakness'es. 
It w i l l  c o s t  more t o  pu t  t h e s e  tanks  r i g h t  bu t  d e s p i t e  t h a t ,  
1 an r e f e r r i n g  t o  1st cons t ruc t ion  and r e p a i r  s t a g e s .  

C o l l e c t i o n  of i n f o r i m t i o n  s t a t e d  tha t  c o n s t r u c t i o n  were done by 
eacn zroup o f  v i l l a g e r s  and it was obv io r :~  t h a t  ? ro fe s s i a i i a l  
hsnds and t e c ? n i c a l  suge rv i s ion  were lack.  

Again, w e  ileard t h a t   ti,^ renaii- work w a s  worse. i.lost neo;>ie 
wi th  alrnost no Ica?: tar];-s were forced ?a r t i c i : ; a t e  i:! the r e p a i r  
worlc, So w ! x t  ti-e)- d i d ,  W,?S 3r i ced  t)!e t a a n i :  up :)I: one s i u c ,  
clearled t:le f l o o r  under.sirio -t.ien lmrcr  da;-ln c~ t o  a layer of 
d r ~ i  sand nixed w i t f ~  d r y  ccment. It turiled o : ~ t  t h a t  ti:es? 
slriiost no lea!; tani.:s were l e a k i n s  75% mcre. 

F i n a l l y  I c o n g r a t u l a t e  F.S.P. Niuola and everyone t ak ing  p a r t  
on t h e  whole p r o j e c t ,  d e s p i t e  a few p i t f a l l s ,  l i k e  t h e  say ing  we 
learn from our  mistakes.  

We should look forward f o r  any f u t u r e  p r o j e c t  s i m i l a r  t o  t h i s  
one t o  dec ide  a b e t t e r  workmanship b e t t e r  supe rv i s ion  and should 
nave a b e t t e r  r e s u l t s .  
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1 1  

3 

NOMUKA 

99 

90 

9 

15 

64 

10 

0 

10 

33 

30 

14 

12 

-5' 

/ 

M W W  

$1 

49 

2 

3 

37 

10 

1 

2 

12 - 
17 

- 
5 

13 

51 1 - 
1 

7 



F.3.P. 5000 gal. Community 1 who 

I I 1 I 
g u t t e r s  complete 2 2 I 2 4 1 

I 

rnaJor leak tanks  0 1 broken tap 3 0 

: : l ins r  Ij.ak t a n k s  0 0 1 0 

ta!~:::: i:o leak 2 2 0 1 
* 

Village/Ialand 

tanks surveyed 

Mu1 t o a  

2 

tn::~::. il:icert?iir 

t3r1:i: empt.y. 

Osnt: : full 

&.. ,-,. . tAl<.5 3 fvll 

I I 

t.ank.5 abandoned 0 0 C 0 0 I 

BES 7 AVAILABLE COPY 

Ha ' ano 

2 

0 

0 

0 

0 
I 

F Y 

Fakakakai m a i  Holopeka 

2 4 I 

0 

2 d 

0 

0 
- 

0 

0 

- ,?: I  cs 2 f u l l  

t ji,!*:s f l j l l  

c " I - ~ L P P ~ ~  

- 
0 

2 

C; 

0 

0 

0 

3.11 community 311 commonity 

i, 

-- 

0 

2 

1 

0 

a l l  community 

0 

0 

0 

0 

comrnllnity 

0 

1 

0 

1 

6 

I 

I 

~- 1 
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a- % CENTRAL PLANNING DEPARTllIENT %. i2 .,. 

Cable: "CEPLAN" Phone: 21-366 

P. 0. Box 827 &uku6alofa Tonga 

9 October 4986 

M r  Jon D Lhdbong 
Country Di rec to r  
FSP 
?JURTJ ' ALOFA 

Dear Jon 

Flease f j n d  a t t ached  a copy of my r e p o r t  on t h e  final 
eval ua t i  OK cf tize Pa1 apai "iater Sur,pl!? p r o j e c t  conducted 
f r o m  t h e  15-24 September 1986. 

Yours s i n c e r e l y  
n 

A t t  



During the  per lod betvieen July lat, 1981 and May 31, 1985 
F.S.P. with the  a s s i s t a n c e  of Niuola Women i n  Development 

Assoc ia t ion  constawcted 786 Water tanks  i n  21 v i l l a g e s  on 
45 Islznds qn t h e  Halapai  Tslands .  A f i n d e v a l u a t i o n  
completed bay F.S.P. and t h e  Tongan Governllont i n  Apr i l  1985 
found 530 of the t o t a l  l e a k ,  156 of t h e  t o L d  n i t h  incomplete 
~ u t t e r t n g ,  and  a major i ty  of tanks  w! thout  p roper  t aps  and 

o r  c:vers to  p r o t e c t  ?!?em from mosquitoes and contzn ina t ion ,  

A p r o j e c t  t o  m ~ i n t a i n  these  t anks  and otknr  s.!:ortcornl.n,c;s of 

. . t he  water supply pro j ec t was funded through a U S I D  Grant 
adc;!nlstered by ti.e P.S.7.  Tke f j n a l  e v s 2 . t ~ ~ t i o n  of tile 

xa f  n-:c.::ance p r o j e c t  :. 2s conducted fror,  15-24 Sep t enber  1986 

51; re : :ezentzt l  ves Zrosn P.S.P., t!.e Y l n i s t r y  of Bea l th ,  t h e  
L 
a 7 =: ,, : <.! .ST ,T 

I..-.L_ .. -. of ',',';arks arid Cent ra l  Plannlnc; De2artment. 
8 
3 tl-.e Zn)iabi t e d  isZ.r.^r~rls c;f I-Ta1a7ar Group were vS s i  ted I n  
q 

A z! t!:e course of the  evalcztj .on wi t h  the except?-on of TJo1unga1cne 
3 

2 . - c  t c  s!?crta,ne of t 5 p .  Good use --!as male of the Fiskerlc!s 
h -. I .. 7:: ' (2 - .  . s.-o!-, Vessel $.!-;c I:.?.?. Alhar:c~-e. ::3y us'niy t5j.s v e s s e l  5 - t  
P3 

7 7 . 7  c! - 7 1  i I .  
c-, ~ ~ c . c - .  !j:.e Tc r  -:,e cvalast!.on t ?a?; tc zol:c fycm ;slacl t o  



Eumber of Ta~+1 , -  5urve :~ed  

??umber o f  qu t te r s  c o m p l e t e 6  
‘PT i:vmber o f  C u t t e r s  ? ncc)mpleted 

,T : ~ ~ u n b n r  of m a j o r  leak t a l lks  

Niunber of m i n o r  lea!: tar iks  

Yumber of tanks  u n c e r t a i n  

Number of tadrs n G  leaks 

ITumber o f  consumers  

' ?!AYE3 LETEL OBSER'ED .I?? ULTS 

! 1 Xumber of t a rh  e ! q t y  

2. Number of tanlis & f u l l  

3. N m b e r  of t a n k s  f u l l  

4. ;<umber of tanks f u l l  

5. laumber of tanks f u l l  

I T u b e r  of tanks abandoned 

2. ?:umber of t a n k s  have small 
roof area 

3. ??umber of tanks have no good gu 
g u t t e r  

Zill.c::> :c:;2 '?xl;:: 
7 <: ( . ( r '  ,.% - a.: 1. o n :; -- 

BEST AVAilABLE COP V 

--- - --- -.-- .-----. 

' i u o l a  F e r r o  
Tc::!~!lt "ank 
2250 ':,Clans - --.- 

4 47 
121 

2 5 

4 4 
I SO 

37 
176 

2 ,593 

27 
174 

103 

57 
$6 

15  

33 

33 



BEST AVAILABLE COPY 



D e s ~ j  t e  the  fact that more tanks of  both the  Nluola and 
t he  Zincalume tanks  were found t o  be l eak ing ,  a ma jo r i t y  

of both  these  types  were observed t o  ho ld  between a q u a r t e r  

t o  a completely full tank of water. 

Attempts by ??iuola t o  patch t h e  l e a k i n g  tanks  were 

observed. Tn gene ra l  a t t empts  t c  pa tch  the  ITiuola f e r r o  

cement t anks  and Zincalunte tar'.:s a ~ p e a r e d  t o  be unsuccessful .  

The reason  f o r  t h i s  unsuccessfulness  is due t o  t h e i r  

majntel-w?ce procedure. T t  72s r e p o r t e d  by t!ie people t h a t  

t h e  mc.intenar?ce procedure f o r  ITi uola  f e r r o  cement tanks  was 
t o  dS g up the  tank and spray  5 t T.;! t t :  dry cener,t and then 

put bzcl; t h e  tank. The pla.cl'n5 o f  t he  tml rs  caused cracks 

a t  t h e  botton an& the s ldes .  A t  Roulo t h e  tad:s were enpt ied  
,? !. !? +- . . 
d. 

T I  ' ,, ( 7 -  3-e.:- s e s  1,vere p l z s t e r c d .  . , - s o b v i o u s  5l12t t h e  

~air_.!~e:!ar:cc y-cced.ure d ~ n e  ir: I:oc;Lo i s  b e t t e r  t!ia~: t h e  
ca.:.zv \1=71 .- 

" - A  A A -,l,.l~yes 2 s  tl-!e rimtcr or^ ';=J':s t h e r e  -;:ere ?ull an2 r - o t  
, L . .  .., ,., pki ?.::c!::.::;; o c c ~ ~ r r e d .  

T I.. ,. t'-,e czse  of li ncalume tzn!:~ t l :e ~ a j o r :  t7.- of l zaks were 
. - m .  . .-*,- - A *  tl:c c::,,.-.e ::c.~~::.,s ar,i-; t):e b~. : ton eciges cf t h e  ta:-&s. A;:e;.r 

-!2:z. . ' ,e::~.:;~e ;::ere .dc!:g 3:; w-c'- I.10~~e!-olCis. !?'-:is job was IIO.'~. 

. . ,.. ,-p , 0 ,, , . - :. ,:, ---p : 
3 .  LrLle e:; :]ii -riot ' - rye er-:cl;~h s!:f?.l .......... -..* f?2 c!:t :",t?C:"." 

$c  ..-,3- '. -- -:. 4 '-:c t.FU:;;; 2 ,> .... ,-,<: +-:. . . -$.,!.: -m T;-,2t,2T.; 2Ls J - 7  L:p., -i -.' . . .  -. - . . . .  i .>& . , d t d  l ! 
cy;ecL, ~ 5 ~ .  ccL-J?J qct 23_k.srp : . : - -rV A L .  r,?q1 .,--.. :. . f r J - ! -  

A A - ,...e rr;ta1 tad;. 

& ,, m . ,  - 1. - - -  . .  . : I ALsll, '.,i -;e .?:r: ' -  . . - i - :  - -  * -7 , : . .;;. --? 

. . . -.,. . c, ..: .r .I : . , , a .  .. 8 3 

- .< . . . . .  . . .  - ._.'.!'. 
. ;  : <- - t  . .:> -:-; ;.i::-, r :  :-,::,; A ,  . a~ .:. . 

. , :  ,-<. .>:- l.- - . : . n-.' . + !  . . . .  e :~;.:"-:~ :-. .- i .f -,'-: .' '. ' . .  . . : J '  
. . , , . . - "  - '. ,_ .._ - , .- , ,., _.- L , - -  .:;:,-:,: ;::;,- 

- 
. . , , -- . , ,-, . - , . . 7 .,',-,". . . . .  .L- C' . ,- <' I j ~ .  o e .. P> . ..-r - .- -.. . . . . . . . . . .  . . . . . . .  . - ; :  : : : .<. ;...I2 C.1. 

' , < ,  .' , ,  .. 1 . ;  . : !-el(; ,.y" ' .  4. .. , , -- . .  2 kc: 1,c 
. . , . r ) ,  r; ' ~ , T ~ c L , s  Et:,-. .n!-c,y,j ~ - , ~ ~ - ~ ~ + ; ~ ~ - ; -  <: '  :-;&*;era ...... .-. .. , . ..-.- S t..-:-. ..., 4 . . .  

A~ 



gu t t e r !  ng. 'la-y? ta3lis ccu ld  have k e l d  rnore water  i f  
.I- -:rea'ier atte!ltj n ~ ;  k?.d be en ~3 vec bo ;u.tterinc and prov!.dinc 

a Si,- v ~ z t e r  cztc.'??e:t area. 

5GCC ; - e l o n s  cox~w-. j  t!? fe-TG c e ~ e n t  t:ail;lrs. S i x  of tl:cze 

tan!rs were s:~.rve?ed a.?d f o u r  o f  t!.-srr; yere : ? o n : a d  tz >e 

T i l l 1  v;5 t h  com;llr-te ~ u t t e r t ' r - g .  h e  of  -:::err: h2.s  ino or 
n 9 ',c:dtl.:a ;LC(! t!:e 04.;!=-ir one was not  zb2.c CQ h012 :lvater, l i lese 

.!- -1 v, 1 - " 
l . i l - - . . ; ,  aps-;arer? t o  be providl  fig a gcod Sac:.: up of water 
=;i;;:;3271y t~ t h e  villa;;e III which t h e y  a r e  Icca ted .  

. T 
C 7 - 7 3 - . - 7  i - c..... .: -- I 1;nl-t t::,t f 1-e ..-.-; : '-' 

r ,L._. ., zJ;3r tznk ccns i;r.;~cC;i.cn 
-. I l.c 5 ? c t  !- :-..: ~;: . ' . ;~t~, : : t  j -; F q ~ r o v e d  i;ke 1-3.; p -;; a te r  sr:c~;.ly 

- .<"" 
% - 

.-tcrz,-e :a;?ac! t;- I n  ti;e !'alapai Tslz12 a!:< t he  goa l  of 
d 

-.--; .-.- -. n teining 7: . . u c l a  fe-TO cezent  ::aFJ.cs, Sincelume tanks  acd 
.:. -- 7 r .. .:;. C!. _i. .cd~lz_r ',z:i;s 1;as t i leref  c r e  beel: ;-;ell surpassed. 

. . I.zc!red cro-per  supcmr:s:on, s o  tile ~ e c ~ l e  d i d  hzve enough 
sl:i-!l .',;c repa'  r ' ;!~:e' r ' ; a m k s  

-. 
-'.!:.ernfore, desr;?te t k e  e f f o r t s  nade tcj cclrroct the f ac:lts 

c f  t:-:e y a t e r  r r o i z c t  - i t  c a n  be s ees  tt!:zt 2 rnz,jor'ty ~f tl:e 

-P- 9 i  - - ~ d / n a i r . ? ; e n ~ ~ c 2 . ~  tanks s t  lll hzve t'..e s x : e  ! : rcble~s  as ... 4 i . L -  -.-. 

>cfo:-e e- .  12211?!1:.5, ; r:ccnp.:l.ete . - ~ ~ t t e r l r . : - .  <.-a L z s t ? ~ ,  ~ ~ . % C : ~ ? ~ O L ~ T $  . . 
J '  ' . . ;.:.e ~12; fiter,ap-,:e -;;yc-J e c t  i s fict c ; ~ t !  s f a e t c y ,  ., , -1.9 LL t ~2 r -.: 3 ~ -  : s 
s!;cc.l,d be vs  eyed ss a .<j sere t e  acJ;l7j' "& \:;!~.i & 5.5 !7sq;j 

ccmplste.  There i s  a need t o  f c l l o x  ~p t o  ensure tzr2rs =e 

pro- , ler ly r e p a i r e d  i f  ~ o s s i b l e .  

1 ) ?):at f ~ . r t l : c r  5 r,-;esti cztlofi be c a r r i e d  o u t  t o  determFne 

":e bes t  nieans of r e p a i r i n g  t anks  ( ~ i n c a l u m e ,  ? T i  uo la  

and V.H.O. ) 

2) Ar, appropr i a t e  t echn ic i an  be prcvided t o  vi s! t Tla'apai 



7 3 )  o r  f u r t h e r  s!.i:tilar water p ro jec t s  , t h e  choice 
of  the implementing agerrcy 3 h ~ d . d  be c u e f u l l y  
done f n  orde r  t o  a v o i d  s iml lzr  ~ r ~ 5 1 e m s  faced 

55' t h e  I-3a1 a?2: -7atsr Supply F ro jec t .  
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: R I P O R T  OF THE FI:4AL EVAUJ.4'i'ION -: \j 
\ i 

I 
\ L 

1 
1 ,  

< I I OF HA ' A P A I  RAINV:ATER: SUPPLY PROJECT I 
P 

I .  , SoptwBer 15-23), 1986. !; k 

1 ,+, 

Se~ct i .A. l (nuvnka 

P u b l i c  H e a l t h  I n s p e c t o r  

E n v i r o n n e n t n l  Health Section 
M I J J I S T R Y  OF HEALTH, 



. Ths purpose OR the  ARuaoni  v i s i t  tvaa t o  ; ; ir i i ir&hiif idl  m a h -  7 .  . . . .  
rainwater t a rk  t h a t  has bean  c s m s t r u c t o d  <by4 N . . .  larX& Group urfffrr 

- .U9 Aid - t h r o u g h  FSP, so it 6ould  then t e  a c c u r a t e l y  tas'8eseed hbv ( . , I  

' 

. . . . . . .  
e f f c e t i v c  t h e  project  had beeA, I t  a l a n  pmride4 an o n n o r t u n i t y e  
for t h o  e v a l u e t 6 r o  t o  ooewhot t h e  o i t e a t i o n  wna on anoh i s land ':; . . . . . . . . . . .  . 
i n  tCm3 of availability o f '  frbsh .s/ntcr; 1'' 

. . . . . .  \ \I 

. . . .  ' \ .  . . . . . . . .  
Xethod ology . ) 

. . i. . . .  . . . , .  11. . . . . . .  
?.Tha P i s h e r i c r ;  D e u ~ r t n e n t  ''9 'ffrlh'hT& tte9ae1, -WV Albacore, .-mi$ 

h i r e d  b,y t h e  FYP'fi..3'thn .r.?c?nns of cf!nvcgrtnce t o  t h e  i n l ~ n d s .  

2.Tnyrn q ~ f f i t - c r s  ,Pl:3tric:t o f f i c e r s  and t h e  Ha'apai  Group, i n  . 

. . .  .j..Ssqch arld c?vcry t , t r ~ l ;  conntructerq t ~ n d e r  t h e  F3P Pro;lecA woe . . . . . . . .  . . . . . .  
v i s i t e d  by t h e  tcn t i  i n c l r 1 4 l . n ~  t h e  F a n ~ n l e ' o u n ~  Yell 'Nater Scheme. 

4 .Spcc ia l  a t t e n t i n n  was [liven t o :  

. . -nunbcr of t n r ~ k n  p e r  i ~ l n r ~ d  qr- v i l l a g e .  . . . . . .  - nunber  ' o f  conouriers. . . . . .  . . . . . . . . .  - c o n d i t i o n  nC fl1tterinrr.s. 
- nnount  of 1:'ater p r e s e n t  i n  tanlce on d a t e  of  i n g p e c t i n n .  

e s i z e  o f .  cn tch r~r?n t  R r m .  

5. I n f o r n a t i o n s  n e r e  ob ta ined  from hnt1sehol3ers  a n d  t n n k  owners 

r e m r d i n g  t h e  ~ r o j e c t  an11 l n c ~ l  e x ~ e r i c n c e s .  
6 .  I n  o r d e r  t o  c a t c h  un ~ ~ v i t h  t h ~  nrnnrnnnc o o h v ~ u l e ?  it nns 

n e c e s s a r y  t o  s p l i t  t h e  t c a ~  i n t o  t n o  r-DUDS when i n a n e c t i n r  

Katu-?+latuku and Tunmtn-Ha ' o f  cvn. 

 at^ c o l l e c t i o n ,  n n n l y s i ~  an? ~ ~ e ~ o r t  w r i t i n r .  

R e s u l t  

( P r e s e n t e d  i n  t a h l c  fc?rri a s  a t t n c h e d  ). 



D i  ecp 681 o n  r \ 

The e m  l u a t d r n  r e r e  o o n a i s t a C  o f  C rrhreeentativeo f r o n  
varioue g a v e h m e n t  d o n a r t m o n t e  a n d  o r p n i e n t i n P a b  t h a t  i s  , 
H i n i ~ t r i o ~  n d  R c a l t h  orld Works(1 f r o ! \  o a o h ) ,  C s n t r r l l  P l n n n i n g  

r e p a r t n r n t  ( l ) , ? o r t m l n t i b n  of tha Pe able of t h e  8 o u t h  P a c i f i c  

( 2 )  a n d  The W+r ld  H o n l t h  or,-nniz n t l o n  S n n i t n r y  E n r r i n e c r .  _ -  - 
V i l l a E a n / I a  l n n d a  P i n i t e d  w o r e  r 

. . '  . . 
r e  l s n e a .  

. . . .  Kr.u 1 o P u k o t a l a  
_ . .  . . -  

R a l c p e & ,  Ha l a n o  . . .  
. par ;;I M u i t o a  

. . .Tne  . a ~ e + d &  n11.1her o f  c o n n u n e r s  f o r  e a c h  t n n l t  nnn * t b o u t  6 . 1  , 

The e o t i r ~ o t e d  t o j n l  q n o u n t  of w n t c r  ? r e s e n t  i n  thr! t n n l t s  Ir11-iv.-  
t h e  v i o i t  weo  bout 60 Q00 Impe r i n l  r n l l o n r c  t ~ u t  i f  n ? . l  +hz 2:''' 

BEST AVAILABLE COPY 

H i h i f n  P a n g o  
. . . . . .  

. . . . . . . .  L'o'ianea . . . . . .  Pon oi f UA 
. . . . 

l o t y h r l r  . ' ' ' ' . . .  . . .  
. . . . . . .  . . . . . .  

~ o ~ n h i i ' ~ o n e  e n d  T p f u n  .!:die'?;& v i s i t e t l  by t h e  t e n ? ?  b e c a u e e  

ef t h e  ~ r o b l e a o  n f  n c o e s o i b i l i t y .  

T b e r c  r r e r c  747 r ~ i n a n t e r ?  t n n k n  cxnr1inc.d of  . h i ? l ,  '!?" n c r c  

made n f  Zin ,c7nl t ln  ( c r > r m t ~ n t c d  l r n n  n h c e t a )  e a c h  o f  n b w t  2 nr'n 
_ .  . '  

.l.i.h.'o< , 447  N i u n l o  f e r r o c c r ~ c n t  t n n l t s  e n c h  of.  , q b n u t  . ncn l i  tr-3 . . .  3 - 
+?, 6 c o r n n ~ : ~ L t j r  f c i+~ ;&&ent  t n n k n  e?l 'ch 'bd n b o u t  7 <\O? 1 i t r . c ~  

end 5 WAC! oclrrsre tnnlco w h i c h  ,.i?rc! I ~ u i l t  : ~ t  t h r  b e c i n n t ~ c  rf t t l ~  

. . progrnnmc b u t  d u e  t o  t h e  h i e h  t . c h n o l n g i j n l  Icnnwled-p rc~~l t ! . rcr t  
. - 

f o r  t h e i r  c n n a t r u c t i o n  t h e y  w e r e  n r l e d  n r l t  nl' t h e  n r o e r n a  ,a .  

T h c  c n n d i t t e b e  o f - t h r  t u f l k s  vnr i r l .1  f r f r ! i  o n e  i e t r t n  d t? 

a n o t h e r  owin,: t c  ( 1 )  t h e  l n v c l  o f  t e c h n i o a l  k n o w l e 3 y a  e v n i l n b l - ,  

( 2 )  co f f inun i ty  n n r t 1 ~ i n n t i c . n ~  

( 3 )  a n d  g ~ o d  t a n k  k e e n i n g  o f t . g>r  t h e  c n ~ s t r u c t i ~ ~ n .  

f e a h n i c ~ l  know ledge n v a i 1 n b l . e  xerc e u o n l i e d  o n l y  by t h e  
c o n s t n ~ o t i o t ~  Frcup--  The ' l i u o l a .  

C o n n u n l t r  y n r t i ? S x i t j ? n  r l i f f e r c d  f ro11  n n c  i s1 . in . l  t r+  n n n t h c r  

~ n d  v a r i t ? u n  , ; t a t r ~ r ,  of  +nnlr!: .;s?qtn~l , t h 7 t  1 !I, nn:I0 t;nlc:; 

w e r e  r i d d l e d  w i t h  m i n o r  l e n l i ~  b u t  o t h e r e  e i t h e r  ht!d n o . l o r  l e a k s  

o r  w e t e r i i r h t  t h i ~ t  t h e y  mere f u l l .  



.* . 
<' 

tankt3 wore f t i l l  they w ~ r l l d  have h e l d  a t o t s 1  q u a n t i t y  of 

130 000 Inp. collw3a. Fhe+refr>re  only 46,296 of t h e  t o t a l  

c e p a c i t y  of t h e  229 tanks. were a v a i l a b l e  on t h e  dates  of 

i n s p e a t i o n .  It should  be remembered t h a t  t h e r e  aye o t h e r  . 
tank? p r i v a t e l y  b u i l t  hy sorne honeo and most of them are 

b e t t e r  than  t h e  z inc-nlun t n n k n  and t h e p i f o r e  they7 a r e  n o r e  

f r e q u e n t l y  u s e d  by t h e  houncho2dere, r e s p e c t i v e l y ,  

Tho problefis n e t  w l t h  n c r e  a s  follows 
( 1 -) Lealta.nr?e wero d u e  t6 tvea'tnsaeea o r  i n e u f  f i c i e n t  g l u e  

a p p l i e d  a t  t h e  searas , b o t h  on t h e  e i l e  and t h e  base. 
12)' S t r a i n e r a  and downpines a r e  no t  c o s i l y  removed f o r  

cleaniny: przrqooeo. 

( ( 3 )  Some c u t t e r i n ~ s  were e i t h e r  incomnle te  (7.6P) o r  

marked "badt1 (3;3$) due t o  t.bc.. nnn-ex i s t en t  of g lue  nn t h e  

e d ~ e s  of t h e  ~ : ~ ~ t t e r i n - g g  t h e r e f  o r e  t h e y  could n o t  .f.ully . . . '  
t h e i r  11urno3e~ .  . . . . . . 
(i) S m r  t n p a  ' b r o k e n  e i t h k k  by c a r e l e s s n e s s  o f  t h e  

owners o r  rlanqptl by roar.ling l i v e n t o c k s ,  p i g s  f o r  ins tnnce  . 
( q )  Moet tclnlrn had n o  A r n i n n ~ t e  3 y e t e m ( P i t )  under t h e  t a p  

i n  mohic?ti n?) i l l cd  yater c o r l l d  c o l l e c t  a t  e n d  seep i n t q  . . . - - 
. . -  . . . - .  

t h e  s o o i l  ... . ' . - . . 
( 6 ) '  Tlost of  t h e  t s n k a  tind n o  f c n c ~  q r o r r n d  t h e  t n y  t 0  k e e p  

away rn : l l r l in t  l j  I C ~ ~ O ( : \ : $  w t ~ i c h  ac\c.?t7vt f o r  nany d9m1ces 

,'l f ~ n e  t o  t n l ~ n  .and 'r~ud p o o l s  v h i  ch ,  a r e  env i r n n n e n t a l  . . 
h 2 a l t h  .hnzordg. 

( 7 )  Ilo t s n l c  hn.1 a n y  r ~ n n r j t r i t n  n e t  t n  c q v e r  t h e  i n l e t  n r e l t n c  
- 

( : ~ t r n i n ~ r  n c n t )  t o n r c v c n t  t h e  e n t r a n c e  of a d u l t  ma~qr ! i tnes  

~ n t l  t h e  e x i t  of newly d e v e l o p e d  a d u l t  ~ o s q u i t c e s .  

1, h e a l t h  hazr7rf1. 

8 )  9 vt?nr&e d o n ' t  3ec?Jr! to ~ i v e  nny e x t r a  c a r e  o r  $ 9  

a n y  i ~ . l n r r ) v o c i c n t  t o  f n u  L t y  tnn!co. 

(9 Moo t ho:nc.s n c v e r  c l . r n n  nr i t  t h e  l eaves  a n 3  . ?d l r , t a  

(1 The avcrrirrc nuilbor! '~ of c ( 1 n s m c r e  f o r  each tan!: w a s  a b o u t  5 . u  . 
. ' 

T h o  c n t i r ? : ~ t c ? d  t o t 8 1  : i 1 : ~ 0 1 1 ? t .  nf'wgtcr p r e ~ e n t  i n  t h e  4 4 ' 1  t a n k a  
< .  

u p o n  i n : : j > ~ c t i o n  .ma5  i i!.:~~ t lc;n n*O, I r i p ,  g a l l o n s  i n  rihish i f  
- .  . - *  n r \ n  T- -  4% 



k?~ 
,.: 
d ~hexaiore , on t h e  d + t t c s  o f  i n s n e c t i o n  o n l y  5O$ '\of t h c  t o t  o l  

tanka o o o a c i t y  was e v a i l n b l c  i n  t a n b n  f o r  u e e .  Once a c o i n  , 
ather t o ~ ~ k e  p r i v n t e l y  c a n e t r u o t e d  i n  homes* w e r e  a l s o - .  

i n  uee.4 
' . . . . .  . . . . .  

The problerse found O O ~ I O C ~ ~ I I ~ ~  f 8 ~ ~ 0 0 ~ ~  n t  tnnkfl  we re  a s  

1. J3ad g u t t b r i n c o ,  t h a t  ! R ,  b  r a c k e t a  vrerp n o t  r l~ tc?*l  
t n p o t h e r  i n  enulc! h ~ m s s  (8.7%) nnd some w e r a  j t i ~ t  i nco r :p l e t e6? . ' $ ) .  

2. Only a a m a l l  nllrnbrr of t s  nko had m ~ o q t r i t n  n c r c e n o  17s 
t b r  o . t r a l n e r e  i n  which  t o  p r e v e n t  f h e  e c o e n o  of  m o s q u i t  oes .  

3..Same t o n k e  h  ad n o  cover j .  * f o r  t h e  i n c p s c t i o n  U o l e  
a a t  all, t b u e  a l l o w   in^ l a n v ~ s  A nd 411uta i n t o  1-t. 

4 .  Sane hnda l)r?ltan t n n n  nnd n h c t  h A d n o  t an ) .  n t  n l l  b u t  

draw o u t e r  by u s i i l ~  ropene-br rcke te  t h rnunh  t h e  t o n  i v ~ p c c t i o n  
h o l e ,  hn \?ever ,  t h i n  i n  n v e r y  i n n o n i t ~ r g  r le thcd  o f  drotnin.? 
water. A h e a l t h  , h ? z a r d r  ...... 

, 5. About 2 tnnlce , a s  1; 'Uihn,  had l n r ~ e  h n l n n  nn t h e  ~ 1 4 e  

tl!o t t h e y  a n t ~ l d  n o t  ho ld  nny wntc!r nnd f i r e  t o t n l 1 . x  r e l e ~ t n d r  . . . .  

Wall  was t n o  t h i n  f o r  ouch n ? n r ~ r  t a n k  t t ~  ho ld  a l n r - c  
e n o ~ i n t  of  water. 

6. B3.sne c t e d  l c n k a  ( n n j n r )  r l t  t l l ~  b n ~ o n  !,Ti-fc.h i n  nnny?.d,#. 

by t h e  q u i c k  l n n n  o f .  !v?tcr fr*? +hcn jumt a f t e r  heavy r n i n o ,  . . . . 
7. Bast m t t c r i n g n  vierr! ~ 1 c n n n ~ " n r  l e n v e n  , 1 110t nnd R i r t o .  
B..?one t a n k  nwnere novor  see!-] t o i n n r q v c  n i n o r  f a u i t e  

, . .  
i n  t a n k = .  

. . . _  
9. 8qne tnnl:s n r c  n o t  1.cvellcd or ld /q r  e y ~ l i p t r l " n l .  

In scnnral , both zino-rzlun .and , f q r r w e m s n t  t a n k s  bcon 
. . 

b y far p o o r l y  c n n o t n x a t e d  and ~ o o r l y  mn in t c ine r l ,  ' ' . 

T h e r e f  r ~ r o  I recor l r~cnd t h e  f n l l o n i n ~ f l :  

. . 
1. Thn t  f u t u r e  e i d  prozrnnmen ohould  be. o o r r l e d  n u t  by a  more 

reliable and h i c h c r  t e c h n o l n r r l c n l  oonwt r? l c t i nn  r-nt o r ? r l  s e .  

2. T h a t  ?SF o f f i c i n l ~  h o l d  v i l l a ~ c  m ~ c t S n c a  w i t h  loc .31  
f n n i n l  and i n f o r - n ?  l e c d e r o  ? n o r  t o n i y j  niO * n r n ~ r a n m e  

of s u c h  t y p e .  

3. A Public H e a l t h  i n s p e c t o r  \,<nr!!il G a y  s m j ~ r  r o l e  i n  
o r m n i z i n r ;  t h e  pco!)le ,  tec1;nf cnl r tdv ibo  r y  , nnj  n t e n s n c e  
en2 e n v i r o n a e ~ l c e l  l l e n l t h  i n n p r c t j n n .  

4. (Tthar thar:  p r n v i d i n c  p r ~ r t  sf t h o  l n b o u r  t h e  p c n n l c  
~ h c u l d  b e  d v r n  rl pa r ' i an  of t h e  ? n t n l  9x :w1n~rn  t n  Day i t  

t h n n a c l v c e  sr, * .hu t  tljey w (?uld f c e l  t h ~ t  t h e y  h o v c  anr.n.? i t  

on t h e i r  c:.m t h u g  ve ry  c 0 r o f u l . l  i n  c n n e  t m o t i ~ n  end mn in t enanoe ,  
&. . .*4 .,-- ; - 7 a 

.. 
#- . ,  *,,a;*..< ..:..-. l . . : . ,k*-  a*. . .. I,, .A"."  & 4 , 4 . .  

C- 
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5. The e : is t ine faulty tankn ~ h o u  1.3 be rapaixded before 
fu rthar afd  p r  c j e c t  bc- gin. 



wpe of 
t ank  

Zinc- 
alum 

1 T j  u o l ~  
f e r r o -  
cornen t . 
5 000 
corn. 

VJl@ 

BEST AVAILABLE COPY 

r 

Cnnsvrnors t- lnk9 Connumcre TBAPA r n ~  i 

Typn 04 
t a n k  ET I r > + ; ~ l  

\ 
puhl i c .  

. c I ! 

n *3 

1 / 4  

Tlr 

I 

1776 

2593 

o ~ e n  
t o  

publ ic  . 
open 

t o  

1 , I t  I T  Ill-y 

Noo 

103 

154 

n i l  

1 

Zlncahlx 

T!iuol? 

Typ? n f  GTTTTCl? F- (1 

Minor None 

' F  

35.5 

34.5 

0 

20 

9 ( 
#L 

f nr ro -  
cement, 

5000 
comm, 

'I ,?!O 

t?,k 

Z i B c n l ~ ~ r ~  - 
T7ino7~  
f er rc -  
c e v e n t  

No, 

'9175 

1'93 

n i l  

2 

surveyed p g ~  1k.jor 

57 

6 

p i 1  

Wcertain 
b 

1 - 

3 

Smn 1 1  
C P + ; C ~ F C ~ ~  

9 

60.6 

43.9 

0 

40 

7 

19.7 

17@~39.1 

100 

0 

n i l  

F u l l .  1 / 2  

5.n 

~2 rrlr c 

IT0 q 

19 

37 

n i l  

n i l  

9 

17.1 

9,s 

0 

6 0  

20 0 

417 

6 

5 

0 

110 . 
11 

95 

5 

? 

' 3 

TJo. 

05 

n i l  

nil 

1 
-- - 

2 

c? 

nl-ovfi 
 TO 

8 

1 . - - -. 
1'; 

ni  7 

nil 

Coaplz  t;e Ir~ccmplote 
5 ! 

5,G 

7:4 

n 

0 

I 

I 
cr 

14.3 

21 .5 
. 

8303 
- 

40 

Po. 

3n 

6 

nil 

n i l  

5 

7n.7 

1 0 3 ? 3 . 0  

0 

0 

16.7 

40 

oned. 
r+ 
I' 

2,,8 

,. 

7. -1 

C 

0 

GI k t  crinq 

tank 

6 

6 

open  

oppn 

I 

?I , 

13.1 

15.3 

O 

0 
A 

I 

I ? O ~ .  

1 1  

- - - - 
39 

n i l  

n i l  

1'0 * 

267 

21 

No. 

38 

11 

n J 1  

7 p i 3  

c' 1 

3.8 

8.7 

0 

O 

c' 

02.3- 

- - 
31.2 

. 

FTo . 
22  

26 
--- 

0 

d 

'7.6 

5.8 



APPENDIX V 



E V A L U A T I O N  OF T I l E  I I A ' A P A I  

WATER S U P P L Y  PROGRAf4ME 

14 - 23 September, 1986. 



Evaluation of fla'apai Water Supply 

Programme 

1. Introduction 

An Evaluation of ttlc F.S . I J .  water tanl: progranrnc was conducted 

from 14 t o  23 Septe~iber ,  1986. The purpose of the evaluat ion was 

mu1til)hssic. I t  was n fir131 evaluat ion of the c o n s t r u c t i c ) ~ ~  of more 

than 700 tanks t o  determine c f fec t ivcness  of water supply increase 

t o  l o c a l  i s land populat ions,  t h e  s t a t e  of repai r  of individual  tanks 

and g u t t e r s ,  and the i n t e g r i t y  of indiv idual  tanks a f t e r  construct ion.  

'I'lie survey team inclutlcd r ep resen ta t ives  from FSY, lIO\J, C e n t r a l  

Planning, i W I I  and the  IJIIO engineer a s  a  technica l  r c s ~ u r c e .  'The 

v i l l a g e s  v i s i t e d  s p e c i f i c a l l y  by the I410 engineer were a s  follows: 

- IL'o1nuk.a 

- O'ua 

- Kotu 

- lhtuku 

- Lofanga 

- Fakakalcai 

- Pukotala 

- Ila'ano 

- lluitoa 

- ' Uiha 

- Felemea 

- Koulo 

- Holopcka 

- Pnngai - Ilihifo 

Tslancls a n d  v i l l a g e s  not surveyed b y  the  I~lllcJ Engineer includcd: 

- i i-3n;:o 

- Fonoifua 

- Ilonngaone 

- Fotuh:l ' a  

- '1,oJ- u : ~  

(!f ~ J I ( : S C  131. t ~ r  is I : ~ r l d s  011 l y Tofua and Ilour~gaone were not v i s i t ed  

I)!. all\  src~:~l)cr.s of t t ~ c  tenre because of access  pro11 l ems. 'Tile reason t l ~ e  

IlliO c r ~ g i r ~ c c r  was no t  a b l e  t o  v i s i t  tllc r e ~ i i r ;  3 v i . l l a g c  {.:as 

t l lat  i f  va:; rlcc:?..;snry t o  s l ! l i t  t l ~ c  tc~nrrl i n  ortlcr t.o c o ~ : ~ p l c t t  the 

strrvc.!.. i;r:vcrtlleless, t l ~ e  Id11,l ec~girteer was a b l e  t o  pc~rsorln.lly irl .-;p~ct 

over 500 tanks on 15 v i l l a g e s  spread tllroughout tltc l lo 'a j~ni  islnnrls. 



The survey was very r ~ s c f r ~ l  and informative. Not only d i d  i t  

a f ford  a  c l o s e  look a t  water supply problems ttiroup,l~out a l a rge  

portion of Tonga, b u t  i t  afforded a  f i r s t  hand look a t  environrlental 

heal th contli 1-ions, an oj~l)ortrrni ty v e r y  few aid agrncy cxpatr  i o t  s 

have had. 

J n  t h i s  regard the  irllorrr;~tion gained was s t r i l t i l ~ g  ant1 a t  tjrlcs 

unexpected. 'I'herefore, t h i s  repor t  w i l l  encompass somcwl~at more 

than water tank evaluat ion information. Included w i l l  be considera- 

t i o n s ,  f a c t o r s  and opinions an t o  tlie s t a t e  of individual  v i l l ages  

w i t h  r e g a r d  to  b o t h  e n v j r o n m e n t a l  h e a l t h  ant1 p a s t  a n d  p o t e n t i a l  a i d  

pro jec t s .  Such informatior1 is enl~ar~ced by the  f a c t  t h a t  the  WHO 

enginec3r ditl srlrvrys of t l ~ c  sarne i s l a n d s  and v i l l a g e s  some 8 year 

ago. Comparisons can be orade. 

11. Water 'lank Evaluation 

Two types of tanks were I ~ u i l t  under tlie programme. A zinc-alum 

corregated tank of about 750 imperial gal lon capacity and a  

ferrocenlent tank of about 2250 imperial gal lon capaci ty .  These were 

a l l  i n s t a l l e d  on indiv idual  llonles taking advantage of ava i l ab le  roof 

catchment for  rainwater .  A t  the beginning of t l ~ e  programme 8 y!IIO 

square tnr11:s were b u i l t  but these proved impract ical  clue t o  the !iigh 

l eve l  of technolosy 11eetletl and the  l o ~ i s t i c s  of transportin;: 

p r e f a t ~ r  icated panels.  

The p l~ys ica l  s t a t e  of the tanks varied from v i l l a g e  t o  v i l l aqe .  

'Tile s t a t e  o f  the  tanks i n  any p ; ~ r t i c u l a r  v i l l age  tiel)er~ded on two 

f a c t o r s ;  F i r s t ,  t t ~ c  atlecl~rac); of cons t ruc t ion  by the cons t ruc t  ion 

group assigned i n  a p a r t i c u l a r  v i l l a g e ;  Second, I r a t l r r s l~ ip  i n the 

v i 1 Lage \., i  th rcgnrtl t o  tnrlli  mai ntenancc and c n v i r o n n c ~ ~ t a l  tlealt11 

matterc; i n  !;encral. Since constructiori groups consisted rnostlv qf 

v 1 1 proplc from each v i  1 Iagc vhcrc construct  ion too!< ~ I a c c ,  

adequncp of cons t ruc t ion  nrrii ~nnirltcnancc liere u s u ; ~ l  lv  corol I ,!r) . 



Where cons t ruc t ion  was exceedingly poor maintenance was nearly non- 

e x i s t a n t .  Those groups t h a t  were u s ~ ~ a l l y  more ca re fu l  i n  tank 

construct ion appearotl 31s~)  t o  }lave the incent ive  t q  l -?intqi? t h e i r  

tanlcs t o  the best  of t l lc jr  a b i l i t y .  

1 1 e  tanks w i l l  bc d i  scnssed by cons t ruc t io r~  type r a the r  than 

by v i l l a g e  althorrgh int l ividual  v i l l a g e s  w i l l  be mentioned a s  

appropr ia te .  

A .  Zinc-Alum c o r r e ~ a t e d  tanks. 

Over  300 o f  t h e s e  t a n k s  w e r e  o b s e r v e d .  Of t h e s e  t a n k s  

more than half had s i g n i f i c a n t  problerns r e l a t ed  t o  e i t h e r  water 

catclirnent a r e a s  or  t h e i r  a b i l i t y  t o  hold water. - 

These tanks k1r>rp ronstrr~ctet l  o ~ r t  of srmi - r i  rr-111 nr  rorrrclat r r l  

i I ~ * I I  I . : 1 I I 1 I I I I l l 1  I 111111  I O , I I  1 1 1 : ; .  ~ ! I I - . I  I I I I  I I I ~ I )  

was donc on s i t e  b y  r i v i t i n g  the  pieces together  with calking 

betc:ccrl thp r i v i t c d  jo in t s .  'Tile bottoms were crirllped on w i t h  

a  calked s e a l  and thc  tolls were a l s o  crimped on. Gutter ing 

w i t h  downpipe was i r i s ta l led  f o r  each tank and s t r a i n e r s  were 

insLnl lcd or1 tlie Lop of each tank. 

:\I~hor~::li ~ h c  r i v i  t ing  arid crir!ipi ng appearctl adeqlrnte, most 

I :  tiad i ~ l a d ~ q t ~ a L c  cn!I:irig t o  rrlnkc i ; r l  \ la ter  : ; nn l s .  

As n rcsrllt  most had a t  l e a s t  some minor lealcing and many \!auld 

not tioltl water. 

A t t e ~ ~ i l ~ t s  l~ad b e ~ n  made to  r epa i r  mqny  tanks but r e p a i r s  

\:-nrc> donc or1 t l ~ r  outsitlc.  'The only way t o  adequately r epa i r  

tticsc tnnlts is calking from tlic insic!c. 

Ot l1r.r prol)l crrl:; f rctll~c?nLly cricorln teretl includctl the 

f o I l ~ v i  118: 

1 .  S ! r a i r ~ c r s  \ ~ c ~ r c  riot a  self-clearling i Cy1)c p n s i l y  

rernov;~blc. A..: n r e s u l t  many of tlie tarilts were opc~l ,  d i r t y  

ins ide  and nrrrsuries fo r  tliousnnds of mosquito larvae. 

Proper s t  ra i  rier maintenance \:as ncarly riori-cxi sLnrit i n  
."<,C+ I,.<.-,+ 8 



2. Gut ters  and dovnpipes, of a PVC type, were not glued 

t o g e t l ~ e r .  As a  result  many had come apa r t  nqd rlowr~pipes 

hacl f a l l e n  o f f .  I t  became apparent a l s o  thnt. the majority 

of intlividunl owners d i d  not bave the incent ive  o r  knol~lcdge 

o f  how t o  :ltIc\qi~~~tcly f i t  the do!mpiptls and ~ r r t t r r s  !jack 

t o g e t l ~ e r  . I l i  i s r-c:;ulted i n  rlt:lriy Lanl:s bei rlg near ly empty . 

1. A goof1 nurihcr 0 1  Lanl:s \!crc misplnrctl. i t i  uere 

at tached t o  roof a r e a s  s o  small a s  t o  provide inadequate 
I 

c n t c t i ~ ~ r ~ i t  or  t l t r ? y  w r c  installed on liouscs :.lit11 g30d pre- 

c ? : i s t i n v ;  tai1l:s ; . I  ~ - ~ n ( l y  i n  olacc. I n  n nr~~nbcr o i  cases, 

provided g u t t e r s  were re-routed t o  an old tank even though 

the  ncw tnnlc vns :;ootl. 

4. l'hc water t:]l)s a t  t h s  base trere of poor tlesigrl and nany 

\:ere hrol:cn. A 1  t t~oug l~  tliese a r c  e ~ i l  y f i:tetl, many o1cncrs 

( l i d  not c a r e  t o  do so o r  did not have the simple t e c l ~ n i c a l  

I:no\rledge t o  r epa i r  them. 

5. P r a c t i c a l l y  no taps  had drain p i t s  below them. A s  n r e s u l t  

1:lnrly tap  .?rPn..; !,:?re vcry d i r t y  and a severe environrqetltal 

~ 1 ~ ~ 1 1  t 11 t1;17,:?t-~~. 

0. i l r~st  tnr~l:s w r c  not l eve l .  Since these tanlts hold nesrly 

4 tonnes of water whcn f u l l  the s t r e s s e s  or1 -3 nor]-level 

tarif, a r c  cr~orr~ro~ts. l'his i l l  i t s e l f  can c i t h e r  cnusc 1ezl:ing 

or cx ;~scc r l ) :~ tc~  e x i ~ t  itis leaks.  

7 .  llost t ap  a r e a s  were not fenced agains t  animals and many 

tanlcs llarboured populations of p i g s  around the tap  a r e a s  

i n  pa r t i cu ln r .  I'iz damsgc t o  tanks because of t h i s  was 

vcry c:rc\:!t i I I  plncc's. P i g  root ing had pushetl many tanks 

o f f  lcvel  ; I I I ~  I ~ I : I ~ ? ( '  tile immcrliatc nrr:a a pi!: ~ : a l ? o v .  I l l i s  

I I i I I r I Y t I IIP : ~ i  t l ~  I t11:lt 11;id 1 rlal;~ r)r had 

rlvcr I lo\~ct l .  I c r l  on l i 'omuka,  a Inrye n t t r ~ ~ h ~ r  of 

tnnl:s vcrc. rcridrrrad u s c l c s ~ i  and a scverc hc;lltli hazard 

I ; P ~ Y I I ~ : ~  1 1  j 1: (1 : i l  tcif:c~ e ~ l o ~ ~ c .  
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8. blost indivitlual.  ov~ners  appeared riot t o  u ~ i l e r s t a n d  t h e  need , 

. . ,  

f o r  c l ean in?  g u t t c r s .  As a r e s u l t  many rerere clogzed and ., . 

non-f unctionaJ.. 

I n r ,  i t  m u s t  I F  consitlerc(1 tI1~7t metal. t anks  c:in only 

prov i t lv  a very t ~ r :  .so.lut. ion t.o L r  ~ 1 .  'Tile I i fcspan 

of :;uct~ tanks  r a r e l y  c:tcccrl.s 10 ycnrs.  !lany tan l :~ ,  i n s t a l l e d  4 and 

-3 ~ v a r s  : i ~ ! ( ~ ~  ::'PI.c a1 r(.s:j(ly co:ni t o  t 111: er~cl of tlir.ir r~ sc f i i l  l i f e .  

Kust. I t ? ( !  s t a r t e d .  0 1 1  K ~ L I I ,  s cvc ra l  tnnks were observcld with t h e  
I 

bot torrls c o ~ i ~ l ~ l c t e l  y rustctl  nu t .  'The ex t en t  of s11ch r u s t i n g  i s  1.11ilcnor~n 
i 

;is i t .  !:';?s not .  j,c.,ssil)l~: !o ,,t,r:c:rvr. t l ~ c  I r o t t . r m r ;  of rnost tan!:s. 

T t  should he noted t h a t  most leal:Jnq tanks and g u t t e r s  a r e  

ca s  il!; rc:!,ni.rablc. Tl~i.~lc.,s coulrl be done t.o extend theiir l i f e s p a n  

rrlorc Llian 1.0 [nore years .  Ilowevcr, t h i s  l~oulri  t ake  funds,  inf ' rostruc-  

t u r c ,  n!ltl c 1 13sc supc!rv i s j  r,n. ilnst j .mporta~lt ,  i t  would take  v i l l a g e  

c o o a i n .  Sr1c11 c o o l ~ c r a t i o n ,  frorn observations made, could not 

bc c:::pcc tctl 1-ron many vi1la:;cs. :. 
r' 

L)f ! ) a r t i c u l ; i ~ -  r ~ o t c  i s  thn i.qlancJ of I.lornl~lm. t laintenance, and 

i ~ a r t i c ~ ~ l n l - l y  n:,nc:t- rc\::!)ol~sil)ilit.y Idas 5 0  po!)r t h a t  3 grca t  percentage 

f 1 t ~ :  r .  I r I i c  I 1  I l a r d  'I'hcy arc! vuch 

l-lor:? o f  n I i i i  1 i t .  tl!:~~!~ nrl a s s e t .  iiany a r e  degraded pig r<clllows 

I I I 1 I I i t r i i n n y  ;)re d i r t y  i n s i d e  and a r e  breeding a r e a s  

f o r  l  i t e r a l l y  thousands of mosquitos. Although, IJomulia has  an excel)- 

tiorla1 prol)l(lv~ r , r i th  t h e i r  ! ;~ltcr tanI:s, s u c ! ~  [)rol)lcms e x i s t  t o  some 

txtc.:~!.  or1 n l  l i s l n r l t l s .  

'l'lle i s land  w i t 1 1  t he  best tank maintenallce i s  Kotu. This  i s l a n d  

is very c.lenn and \ $ e l l  govcrncd. 'Tile people a r e ,  i n  gene ra l ,  h ighly 

c o ~ ~ r ; c i c n t i o u s  and rcspons i l l1  c w i t h  r c spcc t  t o  t h e i r  v i l l a g e  

surro1111tl i I)::? ;111!1 !!~:lt " 1 .  i ~ : ~ l  1 ) o c . c : ~ ~ ~  i 011s .  

! ) \ . I , !  ! f I -  I t i : ;  :\,cro o r  . I\ ~ ~ p r o x i n a t e l y  

t . ~ ~ r ~ , - , ~ - ( j ~ ~ . ~ r - l  c 3 r  :: 0 1  I I I C ! : : ( ~  / I ; I I !  : ; c~~~-~ rcx  : ; ~ ~ J . I I C  t111-al pro11 Ic:i!i. 



'I'l~cse tanks tlere rollstrrlct.cd on-sic-e without the use of 

forms by l oca l  v i l  Loge Labour groups. florc so  then the  rlctnl 

tanks,  the i r l tcgr i  t y  of constructio11 varied g rea t ly  f ronr vi1ln::e 

t o  v i l l age .  Ilowevcr, i n  no case  \:.ere any individrlal ;;roup 

of tanks well  constructecl. They were very rougll in(lced. 

k 'c r roc?~~~ent  tall ls .:ern in v i l  1at;cls O I I  Liful:a, '(litla and lln'ano. 

A J . l  tanlcs wcrc corlstructed wi.t.11 water taps  a t  L'le bottom 

1: i t11 t. I I P  c xc : :~~ t i  01: f. I IIO:?? in K ~ I  I o  a11(1 1/01 op(?l::~. '!'llezr, llacl 

I I p I verc clesigr~ed t o  I)c (lipped from opellings 

i n  t l ~ c  top. 

A t t c ~ n l ~ t s  I ~ n d  I)cc:r~ rllatlc Lo r e i ~ a i r  many of the leaking tan!cs 

brrt repairs were inntlequat-e. Tt is w r y  d i f f i c u l t  t o  arlcquately 

rc.pair -? tnlllc of t l l i s  tyoc a s  they leak  a t  s t r e s s  po in t s  where 

c racks  \ ~ j  11 a l s o  appcar i n  r ~ p c l i r s .  I n  addi t i o n ,  t,li tllout proper 

I c  i r I !  c : i c I  t rcntncl l t  new ferrocement w i l l  not s t i c k  

t o  O l ! I .  

Sovc of' the j r l l r r ~  f rcrlucntlv encquntered r;ith t h r s c  

1CL roc~~l~lc~llt. tal\!::; 1b:f*l-c3 3s 101 Lo..,rs: 

1 .  I I :~nr I  i n : - 1  I c o n s t r r ~ c t i o n .  Found L~II!:s 

t l ! ' l ! ~ ! ~ ~ c l  :I !,cr-y : : v ~ ~ ~ ~ : ~ ~ t r i : . ; l l  s l~npc  and yoor1 1.cvelLilig i n  or-rler 

I . i I .  I ; I I  I I .  1 1 1  t lip case of t!lcse tanks,  they m u s t  

witllstand pressures  of up t o  10 tonnes of water containctl vi t l i in .  

Co!ls j s!.cnt sllapc r ;n s  never maintainc,I a,; I cvc!l 5 an11 forr!~:; \ i c rc  

riot u.c;c.:! iil rorlst1-llct i o n .  

2 .  I I n l ~ y  t n l ~ s  \,:ere bro1:cn a n d  not repa i red .  

3. 111 Inany cases thc  t ; l l l l <  roofs  L:CTC f l a t  and caving i n t o  

t i .  'Illi:. \:.I-; !);lrtic.tl l:lr l I evident nrl t!lc> i s l a n d  of Ila'arlo. 

4 .  i i ; :~ly prltt(7rs ~ . ;c ra  r;ii:-:placcc] o n  r o o f s ,  \:or(! hl-c?l:cri or ?icrc 

I -  I t i  I I I I I .  1!1 most ct1se.C: the re  Ilad hcrr! 

110 J ;  I :  1 0  r :  r Ltlrsc I r .  I r r i r t  

: 1 . 1 1 1 ;  b*l(l  : : I I ; I I I ,~  o T ~  tl~c: i:;Ia111' of ' l l i l l : ~ . .  



5. blany tanks were placed on inadequate catchment: nreas and 

on Iiouscs wi t.11 prc--e:ti s t -  illy, good tanks. 

6 .  Vcrp f c r ~  sieves or s t r a i n e ~ s  vlcrc en~placed on the tops 

and the t.op opn11 i n ~ s  mo~ t ly  ttlere not covcred. klosqui t o  problems 

were a severe I ~ c n l t l ~  hazard a s  a resu l t .  

7. Drains and Eerices were not ploccd aro~rnd the tap areas.  

Ifo~:r:ver, pig j)rc~bIcr~ls were riot so great  2s w i t h  t l ~ c  metal tnn lcs .  

I i 1 r 1  liit.11 the greates t  fcrroceln~nt tank problems was 

'Uilla. ' I ' t t i s  was reflected i n  general v i l lage conditions a s  a whole. 

The bcst tclr lks were i n  1:oulo an(]  I l o l o ] ~ e l ~ ~ ~ ,  close t o  Yangai, the center 

of C O ' I S ~  r l lct io~l operat i ons .  

: C I I I I - I ,  I for  j nt.err)zL, tllc \JllO cngirlccr d i d  

I c v i n :  I tllr>::e t n n k s  J tlle I'nrlr;n i - I l i h i f  o area. 

(;rricr-nJ 1 y ,  t.lirscl I ?!I!:C: I r ~ r l : c r l  very zonrl as t!l(:!- ~ ~ e r c  constrr~cted 

,s\.~..!~ct. r- i t r : ~  I 1  1,. ; I I ~ .  IIo~~-c.v~:r, Lllerc : I  t o  I two 

-:I;I  j o ~ .  111-01) I cB;lr>: 2::::0(, i I !  ,(I I.; i 1.11 L ~ I ~ ~ ! I I .  

1.j ,-:;l , 110 :.I.I-;? i 1 1  i 11, ; .  1 1 ~ ~  ice:: l . : c r~  ~ ~ I I C  1 114r!(l ; I I I ~ \  I I I ~ , ; ~  ~ I ( I \ J I I ; J ~  pe 

I 1 i t  I I 1 1 : s  I:~.~l)!)ish, d i r t  nrld lc;~vc:.r c! il-cctly 

I I L:~II!<T I 1. ' I ?  r . o l  , nl:d rrlorc severe, 

I : ~ i  t o  I I~c!cr~ :I dcc:i.:;~i Flaw t i  I t o  the 

-,,,! 1 1 - I . , ;  .- ~ ) I I I ~ , ! ; I I .  i ,111 r : t j ! l r , . , r .  t i o ~ ~ .  ' I ' l l ?  !;:I I I:: , ~ I I ; , * , : I ~  L O  f 7 1 1 ( l  .lo\:li 

I I  L'lc~ 1 :  I i ~ , ~ I : I I I  i I I I ~  I 1. 1 i I!I  i t .  

I :  1 1 I I ! , I I i I I I !  i I I I r I! \,::I I I -1)p.se 

i i  I , I [I,.' 1 1  I :I,.,.,: I !I ! I  r l r  ( 2  :;~jl?.jr*cl t.0 Ilc.11; ic?.;l ; :  '['he 

( 1 1 .  o f  L i l  i !; I r :  i 1 ,  is not knr>\,>n : ~ t  t h i . s  t-i~nt-:. I!o\.!c.ver, 

:.i 1 1 1  r,11c11 c1r . r :  i .:I! I ~ $ * I I .  i *I,:  c c ) : ~  1 1 1  ?p!v::r n t , ~ n y  t. i x ?  i :I p r ~ i , i  c , v ~ s l y  

i I !  I ;  1 c ~ : t  I. I .  i 11r1 Ii(!r (!\ ' ;~lui~tir)~i :\'i..l J ncerl to I)!! tlonc? 

I-egarilirl9 t l ~ i s  a:; i l: inay bc :I very serious problem indeed. 
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111. Ccncral Comments renardin?, i n d i v j  d u a l  'api  lQLer 'l'anks i n  Ila'apai 

ant1 R i ; c o ~ s ~ ~ c r ~ d n L i o ~  

I::irst, i t .  must h c  :;c?id tll::t t11 . i~  progralil;!lc Iln:; not bccn succes- 

s f u l  . Tn f n c  t. ,  on so!:~c i r ; l n r~ t l . q  i.nclrtd i I I ~ :  ' IJil~a, ;lonlul:n, ;let.l.~!:rt rrrlti 

otl~cr:s,  tllc tnnlcs a r c  I P O ~ C !  of a l i a b i l i t y  i l l  envi rollr!tertt.a 1 I~col. t h  

Lerlns C l l r ~ n  nrl o s sc t .  ' I ' l ~ c y  a r c  i~ i fec tc t l  !,lit11 pizs nlvJ are .ideal .Large 

mosclrr i t o  I)rcc,li n:: a rcas .  'I ' l l (?  mLcr recepti  c lc nrcas arc! un:;nnitary 

a n d  1) l ::cc:; f o r  c:lr:y t r.;~n::r*!is:: i r) r i  of ~)nrar:i. trs nntl disc.c~scs. 

, ,  J l ~ c  ~C;)SOII!: 1.01: t 11i.s C : I I I  nnt  I,c a t t r i  I , t ~ t . r r l  t o  nriy on- a:y,i:cy or 

f:ror!l). I'!r~~rc: I;( ,I-~. :  i I ~ : I , I , ~ [ I I I : I ( .  it::.; 0 1 1  3 1 1 .  s i !I<!::, ,$,-:[. ~-r::;~cly c>:.::~scc-r!~:~Led 

1)y t . l~c ;I I. L iLrrrlcs o P  J oc;tl 1)c'ollJ.e rcg;lrtling at;~inLcnance arttl san i. tnry 

cond i Lions. 

:Ilt-lrc>ugh tl~r! pro:;t-:~nate is now i r rc t r i cvnb lc  t l ~ c r e  is much t o  

I)? lr.:~rrlctl from i t .  Somr of t !~c  t!tings tha t  the !liIO engineer t h i n k s  

a r c  t>lo,:t in~portnnt nru a7 1 0 1  I O I J S :  

I . I L' f LII!(!S ar~r! it~Ir;!:-;~r[~c[.rrrc c:311 I ) ?  f.our~d, rc l~ni  r s  ;)-~rt.i.c~r- 

I c t r !  t ! ~ c  1 1 1 r l t : 1 1  tnr14s slto11l.1.1 be n l d z .  1 1 1  Llti:; 

s ~ v : ~ I ~ \ . I I : I  I i 1 y L I I V  i.'llO c!r~;;i~~ecr wi.1 1 l)c :;S.2(l t o  r!!:;l.:.~ s [ )cacif ic  

rCxcrl.l!-::~r):l;~t i 011s a:; L O  Itor.! Lltesc repn i rn s!torrltl he contlr~ctcd. 

. i l ( s  1 I L I I  i r~s!~ec tor:; sllould be disp.ltclred t o  tltcsc i s l~ i~( l s  

,, ,. , Y~)( - : I  ;lc pn~:l;il~lc~ t o s t ronal  p taclclc tllc environnental 

I ~ e a l t h  problems associated vrith these. Ui-wcekl y f 01 low 

r r p  sltorrld be  rnatle t o  make srrrc tl~wr, ~)rc~l)lcrr~s a r e  taken 

r ? r c  of [)c)sC-1i;lsLc. 

3 .  i:i~f,r.c tnlll.:s 3r0 ur~rel)airnble or owners uncooperative, the  

L ~ I I ! : , ;  slrnl~l.(l c:-~pti  cti, spa  l c d  and qrlarnntetncd Ottterwise 

t l~ey  s I 1 o ~ t l d  !.)e clcstroycd to  the point where t . l~ere no 1on:;er 

i~olrl n r l y  i\.:~t-cr : ~ n t l  llrcsc?t~t. 110 fu r thc r  I ~ e a l t l ~  hazards. 

BEST AVAILABLE COPY 



4 .  i'izs v:rrc the 1)i::;;cst s i n g l e  problem re la ted  t o  metal tanks ,  

Particul.arly on f!omuka, b u t  no t  only t h i s  i s l and ,  t h e  

conditi.onr, rel.zt.ctl t o  p i g s  and water wcre utltolcrable. 

Ir.l!eet! i , i t c  ::~c.ps slro~t l d  bc* ti~l:ctr t o  corltrol pi.o,s fo r  this 

ntld o thcr  r?rl:;oni:. 

5. l n t l i  vidu:~ l o\:.ncrs r,l~onld I,c nl)soltrtely rcqui rcc! t o  do 

t l ~ o  i o l  1o; i in: ; :  

- i * .,c:r I tl1c. t.;1rr!: ~ - o ( ) S  

- Ke<.:p ir~tc-; ;~-:~l  s i p v c b s  : ~ l ~ . , : i - ; : :  i n  p1:icc 

- I ' l t t  t l r . : ~  i 11:: rrc I ot: t11e tap ;lrc:ls 

- lac?!lf.,l 1 111.3 t : I l l  :1t.-!3s 

- I!sc (1:. l y I.:III:; f o r  r ~ n  t c r  rc'Lr.i.cvrl I , !rot operr L(JI)S and 

hucl:c t r,. 

2 I). Co~lsiderat ion i o r  fu tu re  prograrlnes 
93 

2 
9 1 . It  tlocs r l l ) !  ,rj)(vnr l.!r:~t i ~lc!j.vi(!unl o\~!trers on outer  isl.ancls 

!:In y I)(: rr:?(if)lls i I ,  l !> r~rro[r,:!t I . o  al:l i rr L r i i n  t lroi.r o\:r~ I , r a t~ r  t a n k s  
L 
v, 
lu i r l  ; I  I I I I 1u1,ct ior1:11 t i  t j  n .  1 1  t i r : . ~ ,  i t  
Q 

t l ' l ~ [ ~ r ~ ~ ~ l  o ~ - ( ~ ,  i ! I  I I !  ; ~ I I  I y rc-cor,:;irlcr i r r  i 1. inted 

tl1:111 i I r i 1 : i t  t;!r~I:s. I i  Ira..; botlr v e r y  strong 

I I ( , - I  1 I 1 1  ii.!pl i r : ~ !  i<)rl:; ;IS 1:~11 as  \tl:itcr s u p p l y  f o r  dr:; pcriod 

2. 13efore any  nore water tank I)ro::rarTr!ncs a r e  i n i t i a t  i . ~ ! ,  tl19rough 

' ; ) p i  I)! ';ll:j :;arvc!ys sJlould I)c cor~:j:lctctl by  bot l~  ttlo projec t  

coor(!irlntor:; nrlrl i1011 to dccertrrinc C Y C ! C ~ ' ~ J  ~~I ic r t !  t o  p u t  

r>;>c!~ Lrlri!: n r ~ c l  Ira\: t o  . irlstall  i t .  

3 .  , \n  c ! c  i I 1 ~ I I I  o f  sorile s o r t  should accompany 

:111\~ r~nt . i~r  I ; t r t ! :  i rr:-l.:ll l a t i  ~ I I I  ?r1(.1 c l car  s c t s  of i n s t r u c t i o n s  

':;1$!!!1 ! , ! I  r-. , t ! i v ~ . l  1 0  ' ~ ( 3  !~r~::t.ccI i n  tllc ' n p i  a s  t o  use 

l L , ,  /,. , /  ...,. . - . . 
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5. e tan!< constrncted should he t 

a  qualified. i ~ ~ d i v i d u a l  lie for(^ i t  is released f o r .  use. 

This  s l~ould  i I I u I IOI! .  I na 

destroyed as they cause sevcrc hcnlth hazards. 

6. 1\11 water tanl: cons t ruc t ion  should be done hp indivir luals  1; 
or  cons t ruc t jon  ;7r'oups wi t l i  demonstrated o b i l i  t y  i n  water 
tanl: cons t ruc t ion .  

7. A l l  tanks and supp l i e s  such a s   uttering should be of 

standnrr! (I*!:: ;;;ti :111d spcci  f i c a t i  ons and a l l  material:: slioultl 

I)e 1oc;ll l  av :~i  lab lc .  'I'his w i l l  m31:e p o t e n t i a l  repairs 

much more possible.  -. 

I V .  Gcneral CornaenLs re:::lrtlir~r, a id  pro jccts i t 1  ou ter  isl-ands i n  w n e r a l  

Onc~ of tllc notshlr: t i  on the  i s l ands  s i t  !.as t he  

r o o  of nil1 1)rojccL.s. Ilcarly cvery fnrr!ily was a r ec ip ien t .  

Inc 1 ~~ricc! WPI-c ' ~ u r r i c a n c  ho~rscs, fences,  stove:;, bathl-oorn impr-ovcrnc~llts, 

1:i tcllc~ns rlllcl w,ILc.r tanlrs. 

Ii'vcn w i t h  a l l  of this, i t  was obvious Lo t l ~ c  \!!I0 cnginccr t h a t  

env i rur~rnrnt;~ I I i r> : l l  t.11 conc! i t i o n s  or1 nlarly of the ll:1'a1);li i s I : t r ~ d  }lave 

scvclrc-1 y t le lcr i  o r : l ~ r d  over t h o  past. d years.  'I'hc reasons f o r  t h i s  

arc  rlol entirely c l e a r  b111 rvny have t o  do v j  t h  such tll ings a s  emmigra- 

tior) t o  urban c e n t e r s  of tlte more aml~itjou:; i r idividuals  a s  well a s  

the  ex l~ec ta t ion  of the  remainder t h a t  government and aid programmes 

w i l l  talcc ca re  of t l ~ c i r  needs. O f  notable  exception were Kotu and 

Lifulta. 

I;.. k; . . .  
I 
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I t  is- n a t u r a l  then, t l t r l t  a i d  i r ~ d i v i d u a l s  observing t h i s  would 

have doubts about t h e  ns tu rc  a n d  conduct of :lid prozrmmc:; i.n sucl~ 

areas. So1nchor.r a t  tc-rllls 1 o tiel 1) ~ ;coplc  s!lc)uld incl.ud? cxpcrt;2Ll.ons 

t1l:rl i n c c n t i  vcs :irc i I W  r.c:!??(! f o r  Llte rcc  ipic11t.s t o  I1cJ.l) t!~c!~;i:;r?lves 

t o  a c . r ro t r r  tlc:;rrw. I t  i : :  rtot obvi .~l ts  t h a t  t-ltis i s  hap:)eni?~? on 
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