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INTRODUCTION

The main emphasis of the Workshop had been on knowledge and understanding
of water resources occurrence and assessment leading to appropriate and
efficient development.

In the context of this workshop, small islands were defined as less than some
5000 sq km in area and in consequence generally unfavourable to the construc-
tion of surface water storage schemes of significant size. The larger main
islands of Indonesia, Papua New Guinea and Fiji were therefore excluded.
The geographical region of main consideration has been the South Pacific,
Micronesia and the Indian Ocean.

The Workshop was planned to have a primary training function and participants
were expected to have some involvement in water resources development in
small islands, whether as water engineers, hydrologists, hydrogeologists,
agriculturalists, public health engineers/inspectors, environmental scientists
or as managers of supply utilities. With such a wide range of background
skills anticipated amongst the participants it was decided that the programme
should concentrate on the understanding of source occurrence, notably ground-
water, and the broader problems and issues relating to resource assessment
and development. Since most of the Resource Personnel assembled for this
Workshop have close associations with the region, consideration of these
issues was able in most cases to be correlated with local case histories.

In addition to providing the technical review, the Workshop also planned to
provide advice and comment on current country programmes of work and to iden-
tify projects or studies which would have regional value. These latter are
contained in the Summary of the Discussions and Recommendations from the
Workshop that formed the first part of the report. This report forms part two
of the workshop and contains the technical proceedings of the main theme
programme.



HON. J.B. NAISARA, MINISTER FOR LANDS, ENERGY AND MINERAL
RESOURCES SPEECH AT THE OPENING OF WATER RESOURCES

WORKSHOP AT USP ON 2/7/84 AT 9 P.M.

Mr Chairman, Ladies and Gentlemen,

May I, on behalf of Government, extend to you all a most warm welcome. To
those of you - participants, observers and resource personnels - who are
visiting our shores for the first time, I trust that your stay will be
enjoyable and may this be the first of many visits.

I understand that this is a training workshop and the theme of the
workshop is "Water Resources of Small Islands" with particular reference
to resource assessment and its appropriate and efficient development.

The fact that this is a training workshop seems to suggest some degree of
self-examination - to understand clearer what we have and where we are in
terms of personnel and resources and equally as important to appreciate
where we are going in relation to national policies and objectives. At
meetings such as this, it is usually an opportune time to discuss and
comment on the status and progress of regional or cooperative projects.
But there seems to be no such programme in the field of water resources in
operation in this region of the South Pacific. I am of course, not
familiar with water resources activities in the Indian Ocean Region. They
might have something to offer the Pacific Islanders during this workshop.

As far as Fiji is concerned, the provision and supply of water is a
continuous and recurring problem, almost a night-mare. Practically every
alternate year, Government had to spend a considerable amount of its
limited resources to supply emergency water-supplies to rural villages and
to many of its islands. A year ago, in 1983, this country experienced the
worst drought in recorded history and nearly $1.0 million had to be spent
on emergency water supply.

Although only a small proportion of this sum was spent for the smaller
islands, the costs per unit volume delivered, were very high. Costs of
$20.00 per cubic metre were not unknown for water barged to the outlying
islands, involving 2 or 3 days trip from the capital, Suva. Experiences
such as this should explain why we in this country are only too anxious to
have the water resources on the smaller islands of our group developed.

In recent months, my Government has had serious discussions on the
possibility of converting salt-water into drinkable-water. We realize, of
course, that the costs of desalination plants are prohibitive; but that
will not deter our efforts in this direction. When one understands that
the inhabitants of some of our smaller islands have over the years been
more or less subjected to the fate of the old mariner who longed: "water,
water everywhere, but not a drop to drink" - one can then appreciate why
water resource assessment has to be addressed and tackled. But
fortunately for these people there are green coconuts around to drink
from.



My Government has had an opportunity to study the various themes which you
will be discussing at this workshop. And I can say that the Fiji
Government considers them to be very important and relevant to our needs.
It is for that reason that the Fiji Government had no hesitation in
agreeing to host this training workshop. I can say, too, that when this
workshop was being proposed, it was being proposed at a time when all Fiji
Government hosted meetings were being subjected to detailed appraisal
before approval can be granted. The fact that it was approved and the
fact that I am able to stand before you today is an indication of my
Government's support for the aims and objectives of this workshop.

Mr Chairman, I am also particularly impressed by the level of participants
attending this Workshop. I understand that among you, you have
hydrogeologists, hydrologists, water engineers, agriculturalists, health
inspectors and so on. Such a group has the experience and expertise to
tackle the task before this Workshop in a thorough and scientific manner.

We look forward, therefore, to the recommendations of this workshop. Be
assured that when the views of this Workshop is made known, my Government
will give it the most serious consideration that it deserves.

Before concluding, may I take this opportunity to thank all those
Governments and Organisations who so willingly co-sponsor this training
Workshop:-

1) The Commonwealth Science Council

2) UNEP

3) UNESCO

4) SPC

5) ESCAP

6) The Overseas Development Administration of UK

7) The Australian Bureau of Mineral Resources

8) The NZ Department of Scientific and Industrial Research and
others that I may have been forgotten.

It is with their support and generosity that we have been able to meet
here in Fiji this week. I thank them all most sincerely on behalf of us
all.

It is my pleasure to declare this workshop on Water Resources of Small
Islands officially open.



COMMONWEALTH SCIENCE COUNCIL

OPENING SPEECH. WATER RESOURCES OF SMALL.ISLANDS WORKSHOP

Given by Ms K Gass

Ladies and Gentlemen, on behalf of the Commonwealth Secretary General and the

Secretary of the Commonwealth Science Council, I would like to warmly welcome

you to this workshop, the first of the Council's emphasis on water resources

of small islands.

I wish to thank the government of Fiji for hosting this workshop and the

Department of Mineral Resources, particularly Alf Simpson for its local

organisation. I would also like to thank our resource people, particularly

Dr Edmund Wright, for developing the programme for this workshop. Finally, I

wish to thank our sponsors and various interested parties.

The Commonwealth Science Council is an autonomous intergovernmental body

under the umbrella of the Commonwealth Secretariat. It's basic purpose is to

increase the indigenous capabilities of individual nations to use science and

technology for their economic, social and environmental development through

promoting collaboration among the member countries of the Commonwealth. In

the past, the Council has focussed its activities on technology transfer with

limited success. Its emphasis has shifted since 1982 to the use of science

for technology for development. This shift in emphasis has meant an expanded

programme of scientific cooperation, which has been shaped by an Expert Group

of eminent scientists from both the more advanced and the less advanced

Commonwealth countries. This Expert Group is headed by Sir John Kendrew,

Nobel Laureate, and has drawn up plans for expanding scientific cooperation

in new areas of developmental significance, including high technology, over

the next 10 years.



Water resources is one area of importance in view of its limiting function

on agricultural production, industrialisation and population growth. The

Council has six programme areas.

1. Environmental Planning

2. Mineral Resources, under which the Water Resources project falls

3. Energy

4. Renewable Natural Resources

5. Industrial Support

6. Science Policy and Organisation

These programme areas are designed to provide a strategic programme focus

on integrated resource management.

The water resource project of the Council has been in existence for five

years, and workshops have been held in the Caribbean and in Africa. This

is the first activity in the South Pacific region. Ground water is

becoming an essential source of water in many countries, and increasingly

so on small islands. However, the approaches for developing water

resources on these islands are necessarily different from those for large

continental areas, due to physical size.



A much more integrated approach considering the relationship between

surface water, ground water and sea water is needed, in small island

situations. It is the problem of water development on small islands with

particular reference to resource assessment and appropriate efficient

development that will be the major focus of this workshop.

As a result of the Council's shift in emphasis to the use of science for

technology for development, each project looks to the potential of

promoting and initating appropriate research and training opportunuties,

especially through regional co-operation, with the view to identifying

solutions to common problems, assessing on-going studies, and sharing

information and experience. We will therefore be investigating the need,

scope and feasability for a research and training network in the

appropriate aspects of water resources of Small Islands in this region. I

would be grateful if you would keep this in mind during the workshop, and

feel free to discuss any ideas or problems you have on this matter with

any of the resource people.

On that point I would like to convey once again the appreciation of the

CSC to the Department of Mineral Resources, the local organisers and the

Government of Fiji for hosting this important workshop, and wish all

participants a pleasant and fruitful stay in Fiji, and successful

deliberations over the forthcoming week .





PROCEEDINGS REVIEW

by E P Wright

This introductory paper is designed as a personal review by the Workshop
Technical Organiser. The Workshop Programne was planned to correspond with the
normal procedure for a water resource development project commencing with
considerations of geography, geology and hydrology, followed by water resource
assessment and finally planning and development.

The geographical region of main consideration is the South Pacific Ocean and
Micronesia but extends also to the low latitude islands of the North Pacific and
Indian Ocean (Table 1).

There is justification for the distinction between large (>5000 sq. km) and
small (or smaller) islands. The large islands of the region coincidentally have
large populations, humid climates, more abundant and diverse water resources and
commonly (but not always) a higher level of development. They include
Indonesia, the Phillipines, Sri Lanka and Papua New Guinea.

The total population of the small island groups of the two regions is some three
and a half million people and the islands have a very widespread geographical
distribution. The economic level of the majority of the island countries is
fairly low and a desire to attain the life style imported by earlier colonial
powers has tended to impose a strain on basic resources.

The Theme I keynote presentation emphasised the problems of 'smaller' islands
with areas generally less than 50-100 sq. km. The water resources are
constrained by a lack of potential storage, whether below or above ground level.
High rise islands are commonly composed of volcanic rocks with a high runoff
percentage and low groundwater storage. Smaller limestone islands are mainly of
low elevation with thin freshwater lenses overlying sea water within the
limestone aquifer. Rainfall occurrence, both total and seasonal will be
critical factors whether in relation to rainwater catchments or groundwater
recharge. The limitations of storage will most strongly affect islands with low
rainfall and a high incidence of drought which includes notably those islands in
the eastern Pacific (Figure 2 in Dale, Theme I). A second important factor in
many of the smaller, low lying islands is a high population which creates
problems both in terms of demand and in the management and protection of a
freshwater lens.

Small islands with dimensions up to 5000 sq. km include notably the Solomon
Islands, Hawaii, Vanuatu, New Caledonia and French Polynesia. Similar
hydrological constraints to those occurring in the smaller islands also exist
but to a lesser extent. Surface water storage schemes may be feasible, although
of small size. Groundwater occurs in volcanic rocks, coralline limestone and
alluvium. Populations tend to have a fairly widespread distribution and this
dispersion constitutes a major factor in the provision of supply.

Water use in the islands of the region is discussed in Theme I. In the smaller
islands, domestic supply is almost the only requirement other than the supply of
groundwater for phreatophytic trees and other plants (ooconut palms, babai). In
the larger islands, a more varied use may existing including hydropower,



Country

I PACIFIC REGION

American Samoa

Cook Islands

Fiji

French Polynesia

Guam

Hawaii

Kiribati

Marshall Islands

Nauru

New Caledonia

Nieu

Norfolk

Northern Marianas

Palau

Papua New Guinea

Pitcairn

Solanon Islands

Tbkelau

Tonga

Tuvalu

Vanuatu

Western Samoa

TABLE 1

Number of Islands

6

15

2 large
320 total

130 islands in 5
main groups

1

8 main

33

34

1

1 large
+ 2 small groups

1

1

16

1

Eastern half of
New Guinea + many
offshore islands

1 main

6 main

3

3 main groups

9

80

2 main

Area
sq. km.

197

240

18,272

4,000

549

16,638

719

171

22

19,103

258

35

471

400

461,690

5

29,785

10

671

26

11,880

2,934

Population

31,500

18,500

601,000

141,000

90,000

887,000

56,452

29,670

7,700

138.000

3,578

1,698

15,970

14,800

3,168,700

64

196,823

1,565

92,000

9,000

112,596

13,463
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TABLE 1 (Cont'd)

Country

II INDIAN OCEAN

Andaman/Nicobar

Maldives

Mauritius

Seychelles

Sri Lanka

III SOUTH EA3T ASIA

Indonesia

Malaysia

Phillipines

Number of Islands

550

1200+

1

100+

1

5 main, many
offshore

Continental;
some offshore

2 large + many
thousand others

Area
sq. 1cm.

8,293

298

1,860

444

65,610

1,900,000

336,700

300,000

Population

188,254

149,000

936,000

65,000

14,640,000

143,000,000

13,463,000

45,000,000
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industrial use and irrigation. A significant factor is the general importance
of tourism, which requires both a safe and a high per capita supply including
the provision for such exotic uses as swiirming pools. Ensuring adequate
supplies for tourism can sometimes be a strain on water resources, particularly
on the smaller islands. Research is needed to reduce desalination costs and to
make more effective the utilisation of alternative energy sources.

Legislation was the subject of the third presentation in Theme I. Legislation
includes both written legislation and customary law and ideally should provide
the essential controls required to ensure a fair and equitable distribution of a
basic natural resource and the maintenance of its quality and quantity.
Complications exist due to the diverse ethnological background of the
populations, often within a single country, in addition to the influence of
alien laws deriving from earlier colonial constitutions. In the independent
small island countries, little formal legislation on water resources exists and
statements of policy are generalised and do not include a Water Code. Customary
law typically provides full ownership of water resources to associated
landowners. With development, it is inevitable that conflicts will arise if
land access is to be obtained or adequate protection of water sources to be
ensured. There is an urgent need for the enactment of legislation which will be
effective and acceptable. There is a tradition by which people of this region
will sacrifice private ownership right for public benefits, preferably by
leasing arrangements. State ownership is not favoured and emphasis should
preferably be placed on natural user rights.

Theme II. The Formation of Islands.

The islands of the region may be divided into three main categories:-

(i) Continental islands which are a detached part of an adjacent land mass.
Examples are Sri Lanka and the Seychelles.

(ii) Island arc islands which occur on the continental side of deep trenches
and have some continental affinities. Associated volcanics are pre-
dominantly andesitic, hence the alternative classification of Andesite
Province. Examples are Indonesia-New Guinea, the Phillipines, the
Solomon Islands and Vanuatu.

(iii) Islands of the Oceanic Province occur on the oceanic side of trenches or
subduction zones. Volcanic rocks are mostly basaltic (hence Basaltic
Province and associated with intraplate volcanism. Examples are the
Hawaiian islands and French Polynesia.

Some broad water resource correlations can be recognised. The volcanic
sequences of the island arc andesitic province have a predcminance of submarine
flows and ill-sorted pyroclastics, both of poor permeability and porosity. The
main aquifers are in limestones, notably raised reefs, or localised alluvial
sediments. Oceanic islands with older volcanic sequences and abundant
pyroclastic rocks also tend to have poor productivity in associated aquifers.
In contrast, young volcanic centres have a predominance of lava flows which
contain highly permeable and porous aquifers, chiefly a consequence of the
abundant vesicular and fragmentary rocks in a multiple sequence of thin flows.
Oceanic islands are generally submergent and may ultimately form atolls. Atolls
are low lying limestone islands and water resources are effectively limited to
groundwater occurring in thin freshwater lenses.
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The Keynote Speaker concentrated his discussion mainly on the oceanic islands.
Of the various theories of origin, he favoured one in which deformation of the
lithosphere occurs as a consequence of sea floor loading by volcanic piles. The
sequence which commences as an initial emergence of a volcano above sea level is
followed by subsidence due to the loading of the lithosphere and is reflected in
adjacent areas by emergence of other islands due to a conccmmitant upward
bulging of the lithosphere. Although the general sequence of events fits the
broad hypothesis, there are islands, such as sane in Hawaii, with anomalous
features. In addition to the effects of such tectonic/isostatic forces, there
have also been major eustatic changes in sea level consequent on the periodic
melting and freezing of polar ice caps.

The Keynote Speaker also reviewed the trend of age relations exhibited by rocks
of the Oceanic Province with results summarised below.

(i) Occurrence: Ridges - seamount - guyot - atoll - volcano

(ii) Average age: 89 48 37 17 5
millions of
years

Dates are mainly radiometric. Other methods include subsidence rates and
geomorphological expression (for relative ages). Subsidence data do not
generally give a good correlation with radiometric dating.

There were four ancillary speakers in this Theme who provided discussions on
standard atolls, on a raised atoll (Nieu), on younger oceanic volcanic islands
(Hawaii) and on the geology of an island arc group (Lau-Fiji). The theory was
propounded that atolls may not have formed to any great extent until the very
recent stabilisation of sea level (i.e. within the last three thousand years).
The proposal does not accord with the age sequence outlined earlier, nor with
the raised atoll, Nieu, which is composed mainly of Miocene limestones. Nieu
also lacks the indurated sediments of the reef plate which may perhaps
characterise the more modern atolls.

The value of an understanding of the geological controls must be stressed. In
addition to the broad correlation of resource characteristics with age and the
geochemical province, other regional controls which have caused elevation or
subsidence or changes in sea level have been of critical importance in
determining the hydrogeological characteristics of the limestone sequences
relating either to original lithofacies or to secondary features, cementation
and karstification.

Theme III. Island Hydrology and Hydrogeology.

Theme III was designed to provide the baseline hydrology and hydrogeology.
Inevitably, the quantitative understanding resulted in some overlap with Theme
IV, resource assessment.

The Keynote Speaker concentrated entirely on the situation of the smaller, low
limestone islands and the occurrence of the freshwater lens. From the very
comprehensive review which he presented, the principal conclusions are set out
below.

(i) Recharge: Best calculated by soil moisture balance unless the soil cover
is thin or absent. Factors which must be considered are set out below.

13



Runoff typically small to negligible but it can assume very significant
proportions (up to 90% in one instance) with intensive rainfall.
Sheet flow may occur which will be difficult to quantify.

Interception: 7.5% and 15% quoted for two case histories.

Instantaneous recharge: significant, 10% evaluated in one modelling
study.

Evapotranspiration: monthly data, minimum requirement; Penman method
recommended.

Root Constants and Maximum Soil Moisture Deficits: generally estimated.

Phreatophytic Discharge: may be a significant component of discharge.

(ii) Freshwater Lens Geometry and Response Characteristics: Influences
include ground layering and groundwater head fluctuations. Latter can
relate to recharge, transmissivity, storage and tidal and barometric
effects. Overall response is essentially dynamic. Ground layering
affects lens geometry and response to stress (i.e. abstraction, etc).

The use of a range of empirical factors to be added throughout the recharge
calculations is daunting and disturbing and certainly provides encouragement to
seek alternative methods such as the chloride balance (described in Theme IV).
A combination of geophysical survey and drilling is essential for lens
investigations, although if initial results indicate fairly uniform conditions,
a simplified model can also be considered as both a predictive and management
tool.

The majority of the ancillary papers continued the emphasis on the smaller, low
limestone islands. In the discussion of hydrochemistry, the variability of the
chemical composition of rainfall and the major control of aerosols (wave
generated particles) were noted. An important factor brought out in the paper
on climatology is the marked orographic effect which can occur over quite small
islands, less than 100 sq. km, and moderate height. The one paper on
groundwater in atolls provided an important case history, extending and
developing the issues raised by the Keynote Speaker. Most notably, the effect
of lateral heterogeneity (the reef flat plate) on the shape and the response of
the lens is illustrated. The two main geophysical techniques most applicable to
the situation in low limestone islands are seismic refraction and electrical
resistivity.

The final paper discussed the ecology of islands and the relation of vegetation
to water. Apart from the general correlations such as the occurrence of
phreatophytes above shallow water tables and the abundance and diversity of
plants which occur above the thickest part of the freshwater lens, the speaker
referred to other important controls on vegetation, notably the cyclonic winds
and the interference of man. This last point is significant both on low
limestone islands and on the larger more variably vegetated islands. The effect
on water resources is discussed of the replacement of forest by grassland.

Theme IV. Water Resources Assessment.

This Theme covers much the same topic as Theme III but with a greater emphasis
on techniques of measurement and results of case studies. Appropriate surface
hydrological measurement networks have been mainly evaluated for larger islands

14



with graphs of station densities occurring for the range 100-20,000+ sq. km. It
was suggested that for smaller islands, presumably less than 100 sq. km., four
rain gauges and one evaporation station might suffice and for low atolls, one
rain gauge and one evaporation station. In high volcanic islands with varied
topography, the number of gauges would need to be higher. It should be
remembered that these guide lines have been developed for analysis of total
rainfall. Since the geochemistry is also important, particularly for recharge
calculations, the controls to the variability of composition needs also to be
taken into account in planning networks. Selection of station density should
preferably be based on experimental studies. For remote areas solid state
loggers attached to recording rain gauges are to be recommended. One paper
discusses tests being carried out on the Solomon Islands with this type of
equipment.

Surface runoff measurements may be required for safe yield estimates on surface
flows, for flood studies, to evaluate hydroelectric potential or in connection
with groundwater recharge. In the case histories presented at this Workshop
only the last named objective was under consideration. In low limestone
islands, runoff is generally considered unimportant except under very intensive
rainfall conditions where water logging and sheet flow may occur. Runoff
studies have been mainly undertaken on the larger volcanic islands, for water
balance or for base flow analysis.

Evapotranspiration is the largest element in the hydrological cycle after
precipitation. Corrected pan evaporation figures are more ccmmonly used than
Penman calculations which require extensive data.

One lecture was concerned wholly with modelling. Results of modelling' studies
are also referred to in a few case histories. The models used have been of the
predictive type to assess probable response of the aquifer to stresses such as
pumping or variations in reharge. The potential of modelling is yet to be
realised and limitations of data are usually regarded as the main constraint to
construction. A better understanding of regional geological sequences may allow
more standardised models to be developed.

Calculated recharge rates vary from negligible to high proportions of total
rainfall as shown in the listed figures below.

I Volcanic

Island Occurrence Method Recharge as
Percentage of

Rainfall

Soil water balance (i) Young volcanics
30-36%

(ii) Old volcanics 16%

Baseflow 6%

Baseflow 27%

Soil water balance 25%
Chloride balance 18%

Hawaiian
Islands

Babelthuap

Efate

Norfolk

Oceanic
Province

Oceanic
(Old volcanics)

Island Arc

Island Arc

15



II Limestone

Peleliu

Male

Guam

Christmas
Island

Limestone

Coral Limestone
and sand

Coral atoll

Coral atoll

Well hydrographs

(i)
(ii)

Flow net

Various methods
Chloride balance

Soil water balance
and model (varying

of cover
groves)

20%

41%

37-62%
38%

11-29%
with degree
of coconut

The older oceanic volcanic sequences in Hawaii and Babelthuap show low values of
recharge, 6 and 10% and this is generally attributed to weathering effects
resulting in high runoff. The fairly high values of recharge for the island arc
volcanics on Efate and Norfolk island are rather higher than might normally be
assumed for these rock types of the Andesite Province and may perhaps be
atypical.

In the limestone islands, the chloride balance tends to give lower values than
the soil water balance methods. In general, errors in the former method, other
than an overestimate of the rainfall chlorides, would tend to underestimate
recharge and a fair consistency of the two methods may be assumed. The
importance of the vegetational cover, notably coconut groves, should be noted.
Recharge can be increased by reducing the cover of this tree.

Theme V. Planning and Management

The Keynote Speaker reviewed the constraints and inadequacies which are
affecting planning and development in the region. These include institutional,
economic, geographical/logistical, policy and legislation, and hydrological. He
makes the important point that the Decade targets will be met, in many cases
sooner than 1990 but quality of service needs upgrading. Urban supplies are
generally adequate in the region but rural more variable.

The ancillary speakers covered a wide range of topics which included groundwater
development aspects in high oceanic islands (dyke aquifers) and in atolls
(galleries), rain water catchments, pollution, drilling and pump testing,
desalination and surface water measurement planning for small islands.

Three papers were concerned "with rainfall data processing either generally or
more specifically in connection with planning storage capacity for rain water
catchments. For the latter, two methods of calculation are described in
detail.

Dyke aquifers had been referred to earlier in relation to Hawaii where high
level aquifers have been impounded by vertical dykes and are tapped by
horizontal drilling. The occurrence described in Theme V relate to ah
exploration drilling project in Tahiti. The results demonstrated that the
aquifer geometry was more related to heterogeneities in the lava pile, mainly
horizontal or shallow dipping, without apparent impoundments occurring in
consequence of vertical dykes (see Figure associated with Conclusions). The
aquifer head measurements were low and much less than the altitude of perched
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springs which are supposed to represent the overflow of the dyke aquifers.
Since the dykes do not result in a significant build up in head and aquifers
constitute a stratified series with restricted interconnection, horizontal
boreholes will have an inflow restricted to the main layers which are
intersected and drilling angles and directions could prove critical factors.

Two papers were devoted to groundwater development in atolls and the discussion
of Christmas Island was particularly comprehensive on aspects of gallery design
and construction. It is important to note that even with very lengthy skimming
galleries, which must be adjudged the most effective way known at present to
abstract from fresh water lenses, only a relatively small proportion of recharge
is feasible to abstract. In the case of Kwajalein this amount is 16% of total
recharge and for Christmas Island between 10 and 13%.

Two papers were concerned with pollution in small island water resources.
Although a wide range of pollution occurrences have been identified overall
which includes contamination of rain water (in the atmosphere or from catchment
materials), contamination of other water sources including groundwater by
leakage of toxic fluids from airfields or military installations, of chemicals
used in the timber industry, canning and agriculture, and by domestic garbage
and sewage, it is concluded that the main threat to small island water resources
are the inappropriate use and handling of pesticides and inadequate sewage
disposal. Monitoring of water supplies is given an obvious priority although it
must be pointed out that in the case of the agrochemicals this is rather easier
said than done, since there is no straightforward indicator equivalent to
coliform bacteria for sewage. An emphasis is recommended on restrictions in use
of dangerous chemicals which if and when used should be costed to include the
expense of appropriate monitoring. Legislation is particularly critical to
ensure protection of such highly vulnerable aquifers as fissured limestone or
highly permeable volcanics.

The final and most important topic to be referred to in Theme V is desalination
which must also include alternatives to water supply other than from localised
developments of groundwater and surface water. Desalination has an obvious
attraction for islands with water resource problems and a particular potential
for low limestone islands with a dense population and a fresh water lens at risk
due to overabstraction, high drought incidence or excessive vulnerability to
sewage (or other pollution). The main constraint to desalination is cost. Of
the various methods, the cheapest would appear to be reverse osmosis and this is
the method discussed in three of the papers of this Theme.

Various figures of cost, either capital cost of plant, or overall cost of
production are set out below as a basis for comparison. Australian and Tonga
dollars (palanga) are currently equivalent at 1.5135 to the pound sterling, the
Fiji dollar is 1.2814 and the US dollar 1.07. Some data has also been provided
from outside sources, notably for Anguilla in a published document and fran the
Dupont Company. Gallons are assumed to be imperial gallons unless stated
otherwise.

Christmas Island. Production requirement: 11,000 gpd (50 m3/d)

Method of Production Cost per m3 (Australian $)

Gallery: 3.72

Desalination (conventional reverse osmosis): 6.41
Solar still: 4.27
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Rainwater collection: . 20.00 (in excess of)
Importation (tug/barge): 9.31

Note: The above costs include capital, operating, maintenance and replacement
costs with a discount rate of 10 per cent.

Fiji Offshore Islands.

Method of Production Cost in Fiji Dollars

Importation (barge): 6.00

Desalination (R/O): 20.00-40.00 (estimated)
Capital cost of small plant: 4-6 F$ per litre per day capacity

Estimated cost of 50,000 gpd plant (230 m3/d): 60,000 Tonga Dollars equivalent
to 0.26 T$ per litre per day of capacity.

Anguilla.*

Brackish R.O. Plant: 20,000 E 75 m3

Estimated production costs (presumed total costs): • US$ 5.80 per m3

The estimated costs of R/O production at Christinas Island and Anguilla are
fairly comparable for similar size plants. The estimated rate for Fiji is much
higher and appears excessive. The total estimated cost for production at Tonga
is not quoted but would seem likely to be appreciably lower than for Christmas
Island, perhaps as little as T$ 1 per m3.

Three tables from the Permasep't" Engineering Manual have been reproduced below.
It must be emphasised that actual costs will vary significantly for different
locations depending most notably on the size of the plant and the energy costs.
Commercial R/O for intermediate size plants (50,000-100,000 US gpd; 190-380 m3

/d) are generally quoted at US$ 5-10 gpd of capacity for sea water treatment
(US$1.3-2.6 per litre per day of capacity) which is significantly more than the
estimated rate for Tonga. On the assumption of 10 US$ per gpd, the smallest
plant in Table IX for a production of 36 m3/d would include US$ 3.36 per m3

amortisation of capital to be added to the US$ 1 per m3 of production giving a
total figure of cost of some US$ 4.36 per m3. This is rather less than the cost
quoted for Christmas Island and could relate to variance of energy costs. For
larger plants and with brackish water use, costs drop appreciably (Table II from
Permasep Engineering Manual, Bulletin 307) corresponding with lower energy costs
and a relatively lower amortisation. These results demonstrate the potential of
R/O desalination for the small limestone islands with dense populations, such as
Male or Tonga.

* Goodwin, R S Water Resources Development in Small Islands, Perspectives and
Needs. Am. Soc. of Civ. Eng. Nat. Speciality Conference on Water Supply -
Florida, 14-16th March 1983.

t Reg. U.S. Pat. & Tm. Off. for Du Pont's Permeators (Du Pont Company).
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TABLE II
BRACKISH RO SYSTEM

TOTAL WATER COST
18,900 m / d (5 m i l l i o n GPD)

Energy 1.57 kWh/m ($0.06/kWh)
Chemical Cost
Labor Cost
Maintenance and Repair
Membrane Replacements
Amortization

Total Water Cost

Cost of Product
$/m ($/l,000 gallons)

0.09 (0.36)
0.02 (0.09)
0.03 (0.12)
0.01 (0.05)
0.03 (0.10)
0.13 (0.48)

0.31 (1.20)

TABLE XI
SEAWATER RO SYSTEM

TOTAL WATER COST SUMMARY
3,785 m / d (1 .0 m i l l i o n GPD)

Energy (6.4 kWh/m )($0.06/kWh)
Chemical Cost
Labor Cost
Maintenance and Repair
Membrane Replacement
Amortizat ion

TOTAL

Cost
($/l,000

$ .38
.01
.18
.05
.19
.41

- $/m
gallons)

$(1
(
(,
(,
(,

(1.

.45)

.05)

.70)

.20)

.71)

.55)

$1.22 $4.66

TABLE IX
PERMASEP* PERMEATOR SEAWATER RO SYSTEMS

ACTUAL OPERATING COSTS FOR FOUR PLANTS

TDS
Size
Energy

Chemicals
Filter
Other
Labor
Membrane Replacement
Operating Cost S/1,000 gallons of product

•Minimal replacements for 1st two years. (/m )
'No replacements for 1st two years.

Ras Al
Mishab

43,000
284 m3/d

1.13
(2c/kWh)

.15

.50

.03

.22

.62

2.65
(0.70)

Cowpet Bay
Condominium

33,000
36 m3/d

2.50
(10c'kWh)

.15

.20

.20

.14

.62

3.81
( 1 . 0 0 )

Key West

38,000
11,355 m3/d

2.03
(8CkWh)

.08

.39

.03*
2.53

(0.67)

Cadafe
38,000

3,785 m3/d
0.423

(4c/kWh)
0.174
0.053
0.074
0.132
0.0 **

0.856

(0.22)
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Conclusions.

The Workshop Proceedings have extended over a wide range of issues concerning
the water resources of small islands. The aspect which has been given most
prominence relates to the fresh water lens which occurs on low limestone
islands. There has been a very thorough review given of fresh water lens
systems in relation to geology, recharge, vulnerability to pollution and methods
of development. Evidence put forward would favour groundwater as the most
cost-effective supply source but for the more densely populated smaller islands,
such as atolls, it is possible that R-0 desalination could be competitive even
now and probably more so in the future. Energy costs are a critical factor and
cost effectiveness would improve if cheaper, renewable energy resources can be
developed.

Of the other two main types of island - continental and island arc - there has
been little emphasis and the omission is perhaps most significant in the latter
case since they include such important groups as the Solomon Islands and
Vanuatu. Although commonly falling into the defined category of small islands
(<5000 sq. km), many are of significant size and in consequence surface water,
either run of river flow, or springs, constitute important supply sources. For
planning purposes, it is necessary to make comparisons on the potential and cost
effectiveness of development of both ground and surface water. The
circumstances in Vanuatu will be described below as an example of the issues
involved and because the writer has some first-hand knowledge of the country*.

The rural population of Vanuatu is sane ninety one thousand out of a total of
one hundred and eleven thousand and is dispersed widely throughout the island
archipelago (total area of 14,800 sq. km) although often concentrated along
coast lines. The recent census showed that 29,939 live in localities with less
than 50 people and 77,743 (the majority) in localities with less than 200
people. A summary of water service data is shown below.

Summary of Water Service Data for the Rural Population of Vanuatu to end 1983.

Percentage

Rural Population 93,745 100

Water service projects completed 39,572 42
(by population)

Water service projects in progress 10,948 12
(by population)

Residual population without basic 43,528 46
supply

100

Wright, E P 1984. Water Resources in Vanuatu (unpublished BGS Report
WD/OS/84/5).
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Population

15,674

9,079

8,159

9,753

42,655*

Percentage
with

of Population
service

37

21

19

23

100

Projects completed or in progress
in relation to water source

(i) Spring sources

(ii) River sources

(iii) Rainfall catchment

(iv) Wells/boreholes (locally
combined with rainfall
catchments

*includes some surveyed

These results demonstrate that some 46% of the total rural population do not
have access to a basic service. They also demonstrate that of the existing
supply sources, spring and river flow account for 58% of the total to date.
There is a general preference for a piped distribution system from a spring or
remote river source mainly because of the assumed safe quality and the lack of
maintenance requirements. However in the context of planning for future
development, two main factors need to be taken into account, cost and timing.
For standard gravity feed systems, the costs can be demonstrated to be about
7118 Vatu per capita (110 Vt - £1) made up of 4500 Vt for materials and 2618 Vt
for labour, supervision and transport. In rural water supply budget terms these
costs are fairly high and reflect the significant duration of project
construction. Costs are likely to remain at an equivalent level in the future
or to increase because sources are dispersed and the larger sources for bigger
population centres have been generally utilised already. Reservoir storage
schemes have been discounted because of the high costs associated with such
schemes and their unsuitability for dispersed populations.

The lengthy duration of construction of typical rural water schemes has been
referred to and the current annual progress of service cover is between three
and five thousand of population service annually. In the context of a residual
population of over 43,000, there is clearly little hope of attaining Decade
targets as set out in the National Development Plan without very large increases
in project inputs, staff and materials or the use of more effective (time as
well as cost) methodology. This might be obtained by integrated projects in
areas of greater demand (two islands have a residual population without cover of
22,000) in which all supply options can be given appropriate consideration and
which will allow a more concentrated and effective deployment of professional
and technical expertise. The increasing utilisation of groundwater could prove
very advantageous in both overall time and cost terms in comparison with
development of remote surface sources of supply, even taking into account
increased maintenance requirement and pimping costs. Precise costing for
groundwater development for comparative purposes is not readily available, nor
can the standard costs of a dispersed drilling programme using slow and
cumbersome cable tool rigs be utilised to make a fair comparison. However, it
could be anticipated that a figure of 2000 to 3000 Vt per capita would be a
reasonable estimate and would still represent an overall lowert total cost.
Groundwater development would require greater expertise in relation to siting,
avoidance of pollution etc. The more effective use of professional manpower
within integrated projects should ensure such an input.

t Taking account of all factors for either type of development including
amortization of capital outlay.
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