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El - EXECUTIVE SUMMARY

Hydropower development in the Solomon Islands should be divided
into 3 different groups of projects according to scale.

i) Medium and small hydro (1 - 30 MW)
ii) Mini-hydro (100 kW - 1 MW)
iii) Micro-hydro (less than 100 kW)

Each type of project requires a different approach, different'
design philosophy and different standards for construction. Medium
and small hydro require full studies, expert design and
experienced contractors, whereas micro-hydro requires a maximum of
local input and simplified construction techniques in order to
minimise costs. Mini-hydro is often a compromise between both
extremes with a leaning towards the simplified design and
construction techniques of micro-hydro.

There is only one area where medium and small hydrc need be
considered at present, namely the capital, Honiara. With the
present level of demand on the Honiara system of about 30 million
kWh annual energy and a peak load of 5 MW, only projects larger
than 1 MW will have significant benefit. A series of several
smaller mini~hydro projects for Honiara would involve considerable
effort, not least in land compensation, engineering and
administration, and scarce resources of finance and expertise
would be spread about to little effect. 9One project with about
5~10 MW output would be ideal for Honiara under the present
circumstances.

Mini-hydro development is suitable for certain provincial centres
and perhaps other centres where demand is expected to grow to
about 100 kW in the immediate future. The first priocrities must
be centres where there are existing diesel generated supply
systems, namely Auki, Gizo, Kira Kira, Lata (Santa Cruz), Buala
and Munda (see Figure P.l). Of these Gizo and Munda lie in areas
of no economic hydropower potential, and Lata lies too far from
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potential hydropower sites (12 - 20 km) to justify a hydro project
at the present low level of demand. The remaining 3 centres -
Auki, Kira Kira and Buala have definite mini-hydro potential and
these three should be developed immediately as pilot mini-hydro
schemes from which to gain experience &nd train Solomon Islanders
in hydro operation.

Government initiatives to clectrify new rural areas by micro-hydro
development should be temporarily suspended to give priority to
projects for Honiara and the existing provincial supply areas. The
substitution of expensive diesel running costs in existing supply
areas will reduce or stabilise electricity tariffs, thus
benefitting other non-hydro centres such as Gizo, Lata and Munda.
On the other hand expansion of electricity supply to new areas
will only increase SIEAs costs and lead to increased subsidies or
higher tariffs.

Small hydro for Honiara

5.

The Lungga gorge is the site of a potential large dam and power
project which has been planned since 1966 and reached tender stage
in 1981. The capital cost would exceed 100 million SI$ at current
prices, being the result of a large and expensive dam required to
generate sufficient head artificially. There is no natural fall
in the river at the Lungga gorge site.

Lungga is too expensive a project under any conceivable scenario
in the future. The cost/benefit ratio is still greater than 2
even if the entire power production can be utilised immediately on
commissioning (i.e. Gold Ridge mine). Even if excessive rises in
fuel costs indicate that Lungga might become economic, the adverse
geological conditions at the dam site means that the project has a
very high risk of cost overruns. It is therefore recommended that
Lungga be dropped as an alternative development for Honiara. The
existing compensation agreements to custom landowners for water
rights should be renegotiated to cover the more promising
Komarindi project further upstream on the Lungga River.
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An economic analysis assuming a typical run-of-the-river
hydropower project is introduced into the Honiara system after the
3 MW dendro plant in 1990 reaches the following conclusion. The
hydropower project capital cost should not exceed 0.85 million SI$
for each million kWwh the project produces in an average
hydrological year if there is to be any economic advantage over a
continued expansion of diesel units. There are various
alternative hyé:o projects for Honiara which have been reviewed in
this report - Tenaru, Mataniko, Kohove, Tinahula, Ohe and
Komarindi. Only the Kcmarindi project is economic at present fuel
prices with a cost/beneiit ratio of 0.84 and a capital cost of
only 0.65 million SI$ per million kWh produced annually.

The Komarindi Preoject involves a tunnel which utilises a natural
head of 75 m in a run-of-the-river type of project with a low dam.
Two alternative layouts are proposed and many other variations
exist, all needing further study. The cost of the project is
estimated to be in the range 27 - 30 million SI$ for an initial 6
MW installed capacity rising to 9 MW final. The potential
production at full development is 50 - 60 million kWh annually
(compare Lungga, 70 -~ 8V million kWh annually at three times the
cost). The Komarindi project requires back-up from thermal power
plant (dendro or diesel) because the reliable output is no more
than 2.4 MW in the dry season. The existing diesel and dendro
plant will be sufficient for this purpose until the late 1990s.

The Komarindi Project could come on line in early 1991 if planning
work proceeds immediately. The planned 3 MW dendro plant for
Honiara should proceed as soon as possible and should be on line
in early 1990. The resulting mix of diesel, dendro and hydro
generation plants is a very economic solution to the long-term
needs of Honiara and the north of Guadalcanal, and provides an
excellent diversity of fuel sources where reliabilit§ of supply is
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guaranteed. Based on the predicted Honiara system demand growth
of 6% p.a., the cost/benefit ratio of Komarindi against diesel
generation is 0.84, and the internal rate of return is 12%. This
makes the Komarindi project economically viable, and should be the
next project to be commissioned after the dendro plant already
planned.

The Tenaru project as presented in the UNDTCD mission report
(reference 2) involves the transfer of the Tenaru river water over
to the Lungga river. This would result in adverse effects to the
population living downstream on the Tenaru, and severe
environmental drawbacks such as lowering of groundwater levels on
the flood plains. It would therefore be necessary to pass a
minimum compensation flow along the Tenaru, thus reducing the
power potential by about 30%. This makes the Tenaru project
uneconomic with a cost/benefit ratio of 1.66 at 10% discount.
Alternative layouts which return the water to the Tenaru itself
further downstream do not significantly improve the projects
viability. Nevertheless, the Tenaru River has the next highest
likelihood of providing an economic hydropower project after the
Lungga tributaries Komarindi and Ohe. A potential scheme (Tenaru
A) with 4 MW installed would produce 15 million kWh annually at a
cost of 16 - 20 million SI$ depending on rock conditions for
tunnelling.

The Mataniko project would destroy a natural beauty spot and
sacred area to the custom tribes (Mataniko Falls), and shculd
therefore be dropped completely from future plans for hydropower
developments. The Kohove and Tinahula rivers need not be
investigated further, since these potential hydropower projects
will most probably prove to be uneconomic under any circumstances.
Purther planning work should concentrate on the Komarindi and Ohe
Rivers (both tributaries of the Lungga River), with the Tenaru
River providing a potential worthy of further study.
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Mini-hydro for the provincial centres

12.

13.

14,

The Auki system demand is expected to reach 1 million kwh annually
in 1992 with a peak of 194 kW. There is therefore good potential
for mini-hydro development and Auki should he given the highest
priority of the provincial centres because the existing diesel
sets are very old and need replacing soon. Several possible
schemes _exist, 2 on the Kwaibala River and one on the larger Fiu
River.

The lower scheme on the Kwaibala with 100 kW installed would
provide about 400,000 kxWh of annual production, i.e. half of"
Auki”s present needs, at a capital cost of 510,000 SI$. This
makes the scheme marginally ecomomic with a cost/benefit ratio of
about 0.9 at 10% discount rate. The other scheme on the Kwaibala
is further upstream, is more costly (0.8 - 1.0 million SI$) and
will take longer to design and construct, but provides 760,000 kwh
of production at about the same cost/benefit ratio. The upper
scheme should also be investigated at the same time, and a
feasibility report produced on both schemes before deciding which
to proceed with.

The lower Kwaibala scheme utilises 10 m of natural head in
shortcutting a bend in the river, only 1.5 km upstream from the
town itself. Access and all civil works construction is very
simple and can be handled easily by local labour and plant. The
only disadvantage is that the low head makes the turbine
relatively expensive, and it is recommended that every effort be
made to obtain the most competitive prices for generating
equipment. The easy access and simpie, easily understood civil
works makes this scheme suitable as a demonstration project for
training purposes. The river flow is said to be reliable, but the
quantity of water available for power production is very important
in determining the project benefits because all power can replace
existing diesel. It is therefore vital that river flow data
collection on the Kwaibala be given top priority after the Lungga
and Komarindi Rivers on Guadalcanal. Design work and negotiations
with landowners should proceed immediately while river flow data
is being collected, and if all goes well the project could be
commissioned late in 1988.
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16.

The Piu River is known to run completely dry in some years at a
point about 10 km upstrxeam of Auki. The Fiu project presented by
the UNDTCD mission was inspected, but the available head was
measured by altimeter at 35 m instead of the 60 m quoted by
UNDTCD, and the cost of the scheme will be greater than
anticipated, around 2.7 million SI$ for 380 kW capacity. The Fin
project has, however, a potential of 3 - 5 million kWh annually,
i.e. 3 - 5 times Aukis present needs. In effect the Fiu project
is too large and too costly for Aukis short-term needs, and will
not be required until the next century even assuming rapid growth
in demand. Furthermore the project cannot guarantee any power
during dry periods and full diesel back-up will have to be
maintained. It is therefore recommended that the simple less
costly lower Kwaibala projects be studied and one of them
constructed immediately in order to reduce diesel consumption and
heavy maintenance costs on the existing diesel sets.

The Kira Kira system is also experiencing difficulties with
off-loading diesel in the harbour and repair of existing units.
Demand is perhaps growing more rapidly than the ADB forecast
(reference 1) which predicts 222,000 kWwh annually with 78 kW peak
in 1990. There is therefore an urgent need for an alternative
mini-hydro project for Kira-Kira. Such a project was identified
on the Huro river after an inspection of both the Puepue and Huro
rivers, and their tributaries. The Puepue river system cuts steep
gorges Oof up to 100 m vertical drop. The Puepue headrace project
proposed in reference 2 would be impossible to construct and
tunnels would be required to transfer the water resulting in
excessive costs. The Puepue river is therefore not suitable for
mini-hydropower development.
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The Huro river hag similar gorges, but the river emerges from
these gorges at about 40 m above sea level, leaving 30 m to be
utilised in a mini-hydro project. A good dam site and penstock
route were identified, and the power station can be sited upstream
of the existing Huro village without causing any local
disturbance. The Huro project has a potential exceeding 600,000
kWwh annually with 100 kW installed, at a cost of 640,000 SI$. It
is therefore ideally suited to Kira Kira“s short-term needs. The
cost/benefit ratioc is 0.92 at 10% discount making it more economic
than continued diesel generation. The Huro project should
therefore be desigrned and constructed immediately. Some
additional river flow data would be useful for final design work,
but there is no need to wait for flow data before going ahead with
studies and financing.

The Buala system demand is lower than Auki and Kira Kira and it is
difficult to justify a mini-hydro scheme for such low demand
levels (presently estimated at 67,000 kWh annually and 22 kW
peak). A diesel scheme is already in existence and functioning
satisfactorly (although it is a loss-maker for SIEA).
Nevertheless, the Jejevo mini-hydro project for Buala is in many
ways an ideal project and if demand grows substantially it will
rapidly become economic.

Tﬁé'Jejevo project utilises up to 180 m of head on the Jejevo
river with an 840 m long steel penstock. River flow appears to be
reliable and sufficient for present needs. As designed in
reference 8 the project would cost 490,000 SI$, but this could bg,
reduced to around 400,000 SI$ by reducing the head and the length
of penstock. Althonugh present requirements are only 20 - 30 kW,
it is recommended that 100 kW be installed at little extra cost in
order to standardise all electrical equipment with the Kwaibala
and Huro projects. Although Buala is the lowest priority of the
three mini-hydro supply areas, it is recommended that the Jejevo
project be included in the set of 3 mini~-hydro projects because it

-

e
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meets long-term needs for a relatively small cost. A new intake
site should be investigated and if possible the design adjusted to
reduce the capital cost to around 400,000 SI$ while still meeting
Buala“s needs. Some low-flow river data is required to confirm
that the flow is sufficient, and establishing a staff gauge read
manually will be adequate to obtain a few months of record
covering dry periods.

Micro-hydro projects

20.

21,

Micro-hydro development in the Solomons has started with 3
completed projects - Atoifi (32 kw), Maluu (30 kW) and Iriri (5
kW), all rather different in nature and in the methods they were
implemented. Atoifi employs an old turbine at low capital cost
and has apparently run successfully for many years although a
diesel back-up is required for low flows. Maluu is situated at an
ideal micro-hydro site, and was only recently commissioned after
administration problems delayed construction and commissioning
work. Iriri is apparently running intermittently and two
villagers are presently in Australia undergoing training as
operators. All 3 projects provide lessons which should be learnt
before any further micro~hydro development is attempted.

Both Maluu and Iriri have proved to be expensive when compared
with the benefits achieved. This is because they were carried out
as "one-off" projects requiring a heavy financial input
concentrated on the creation of electrification of a new area. 1In
order to justify such expenditure it is necessary to have a
guaranteed demand for electricity and substantial income from
electricity sales in the first years after commissioning. Atoifi
had a guaranteed market and it was possible to reduce initial
expenditure by purchasing a second hand generating set and
replacing this with new equipment after many years of running the
old set. This approach results in more cost-effective use of
financial resources and could be copied in other sites in the
Solomons where a potential market for electricity sales exists.
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E2 - INTRODUCTION

Late in 1985 the Government of the Solomon Islands requested the
United Nations Industrial Development Organisation (UNIDO) to
finance and recruit a technical expert mission to assist the
government in assessing hydropower development in general,
including existing projects, planned projects and unexplored
potential of any scale.

UNIDO reacted rapidly to the request and in March 1985 appointed
. Dr. Brian Glover of international consulting engineers NCRPLAN of
0slo, Norway to carry out the mission. After discussion with both
UNIDO and the Solomon Islands Government a broad terms of
reference was agreed upon in order to provide the government with
2 fresh independent viewpoint on all aspects of hydropower
development in the Solomon Islands.

Work commenced on 1lst April 1986 and concluded with presentation
of this final report at the end of July 1986. The author visited
the Solomon Islands for a period of two months in which data was
collected, potential sites were visited, new sites identified and
explored and extensive discussions were held with government
authorities and the Solomon Islands Electricity Authority (SIEA).
During the visit a preliminary analysis of all projects was
carried out and an interim report delivered to government and
UNIDO.

On return to Norway the author called u:nn the specialist
expertise of NORPLANs consultants in hyJropower engineering and
coordinated a more accurate costing, analysis and optimisation of
the various project alternatives which resulted in the present
final report. The final report differs little from the interim
report in results, conclusions and recommendations, but presents
in full the data used and assumptions made, and provides drawings
of project proposals.
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The author wishes to extend his thanks to all authorities, private
companies and individuals who assisted him greatly in all aspects
of his work. Particular mention must be made of the people with
whom the author worked closely during his field mission, all of
whom made considerable contributions to the speedy, efficient and
successful completion of the study, even in the difficult weeks
after the cyclone "Namu" disaster which tragically struck the
Solomon Islands on 18th and 19th May 1986 with terrible loss of
life. 1In particular the author would like to thank Stephen
Danitofea, Richard Haist, Bob Curry, Cliff Bird, Don and Tom
Medynski of the Ministry of Natural Resources and Terry Leonard of
SIEA whose contribution to a successful mission was very
significant. Purthermore thanks must be extended to the staff of
UNIDO and the UNDP regional office in Suva who enabled the mission
to be completed sucessfully within the short time available.

The report is divided into 3 sections because of the different
scales of project involved and the different approaches required:

H - Projects for Honiara (the capital)
P - Projects for the provinces
M - Mirro-hydro projects

These are preceded by an executive summary intended for
non-technical readers and policy makers, while specialist
technical matters are described in Appendices. A general
background is given in the following chapter.
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fhe resslting trade deficit of $18.6
nillien was the biggest simce 1981. It
completely offset 1984 s swrples. and toek
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persistent deficits that has charscterized the
last decade  Sech 3 condition is morml fer o
doveloping country. except during commodity
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Amoag the ssin experts. fish velumes were
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The folloving table summerises export
values for the last five yesrs

Toble VII
Moin exports by valve, 1981-85
$millions 1989 1982 1983 1984 1985
Copro 8.1 8.1 8.4 32.2 ' 23.5
Logs ond timber 16.1 22.9 20.0 30.1 24.8
Fish 22.0 14.0 29.2 28.8 31.9
Polm oil ond kernels: 7.5 7.3 8.8 19.1 13.7
Cocoo 0.9 0.9 2.3 3.4 5.0
Others 3.0 3.4 2.6 5.0 5.0
Totol 57.6 56.6 71.3 118.6 103.9

Extract from Central Bank of Solomon Islands Annual Report 1985




E3 - BACKGROUND

The Solomon Islands is a group of six major and numerous minor
islands situated to the north of Australia and east of Papua New
Guinea as shown on Figure Fl. The country became independent from
Great Britain in 1978 and has a parliamentary democratic system of
government, with decentralised provincial governments answering to
the national government.

Population density is low; the entire country is estimated to have
only 250,000 inhabitants mostly living in small villages scattered
around the coast of the major islands, althougﬁ much of the
interior is also inhabited by small settlements. Population
growth is rapid at over 3% p.a. despite housing shortages, and the
cap1ta1 Honiara is attracting an increasing populatxon estimated
at 30,000 at present.

The most populous island is Malaita followed by Guadalcanal,
although most agricultural and industrial development has taken
place along the flood plains on the north of Guadalcanal.

Most families live from subsistence agriculture and fishing. Paid
employment is scarce, particularly outside the flood plain area of
Guadalcanal. There are very few export industries because of
costly transportat.on to major international markets, but many
small industries are producing successfully for the internal
market.

After unusually high copra prices in 1984 leading to a good
financial year there has been a steady deterioration in the
Solomons export economy, mainly due to falls in agricultural
commodity prices (see Table VII from reference 20). This trend
was drastically worsened after the cyclone disaster in May 1986
with extensive flooding which ruined many major agricultural crops
and caused much damage to infrastructure.
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The currency, the Solomon Islands Dollar, is freely
interchangeable with a floating exchange rate linked to a basket
of currencies from major trading partners. The value of the SI$
has recently been falling against the US dollar, yen and european
currencies and in June 1986 was equal to 0.6 USD, 0.4 GBP, 4.6
NOK, 0.85 ASD and 1.06 N2D. -

The islands are situated in a tropical ocean climate with near
stable year-round temperatures of around 30°C in the daycime
dropping to around 23°c in the early morning. Humidity is high at
80 - 100%. There .are seasonal variations of wind which leads to
some seasonal variations in rainfall depending on which direction
the coast is facing. For example, Honiara and the north of
Guadalcanal experience a dry season from April to October while
the south of Guadalcanal experiences its wetter season during the
same months.

The mountainous topography leads to large local variations in
rainfall and there are undoubtedly many different micro-climates,
'although very few rainfall and meteorological records exist to
substantiate this. Honiara average annual rainfall is about 2000
mm but this is the driest area of the Solomons. 3000 - 5000 mm is
more common for coastal regions of other islands, rising to 8000
mm or perhaps more in the mountainous interior (see Appendix D).

The geology is also complex and variable with a mixture of young
volcanic and sedimentary rocks often with poor engineering
qualities and a high susceptibility to landslides. Paulting is
common and the region is seismically active with frequent
earthquakes. The topography is rugged with steep slopes (many
unstable), deep gorges, caves, ravines and peaks of over 2000 m.

Vegetation in the interior is dense jungle with a rich variety of -
trees and plants. The high rainfall and soft rock types has

created a dense network of streams and rivers, mostly perennial
although some do dry up or dissapbear underground. There are very

few access tracks or paths and most sites are reached by wading up
rivers during low flow periods.
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There has been extensive logging activity in recent years
resulting in over-exploitation of the forest resources in many
places despite government efforts to ensure controlled
exploitation and replanting. A moratorium on new logging licenses
has recently come into effect, but logging companies continue to
operate on existing licenses. Little scientific data is available
on the environmental effect of logging activities, but it is
probable that severe erolcjical changes are taking place in the
interior. The authors visit to the Komarindi River shortly after
the enormous cyclone flood provided evidence of this. The
Komarindi river water was clear of sediment at the same time as
smaller tributaries downstream and mcst other rivers were still -
flowing a muddy brown colour. The Komarindi catchment is as yet
untouched by logging activities.

Apart from Guadalcanal, industrial and agricultural development
on the other islands is very limited and generally restricted to
small scale projects. There are plans to support small-scale
industries and rural development projects in the provinces,
including establishment of small-scale industrial sites at Gizo,
Auki and Kira Kira as well as at Honiara. The lack of
infrastructure, however, is a major impediment to any industrial
initiative and the government recognises this by giving priority
to development of the provincial centres. Lack of finance has
hindered this work severely, particularly for the provincial
governments entrusted with carrying out this work. Roads and port
facilities are often inadequate. Whereever electric power supply
exists, it is among the most expensive in the world at 28 SI
cents/kWh (17 US cents/kWh), being almost entirely produced by
small-scale diesel generation. The real cost of electricity
generated in the provincial centres is much higher than Honiara
(see Table H.4) due to the low level of electricity sales.




Particularly after the recent cyclone disaster the Solomon Islands
Government will require considerable technical and financial
assistance in rebuilding its economy. The government has long
recognised the importance of energy self-sufficiency and the
potential role of its hydropower resources in that respect. Lack

- of technical expertise and land ownership questions have been the
main impediments to hydropower development hitherto, but the
government is making serious efforts to resolving these and other
problems and are giving hydropower development a very high
priority.
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E4 - METHODOLOGY FO:: PROJECT IDENTIFICATION AND ANALYSIS

A simplified description of the methodology used in identifying
and analysing potential hydropuwer projects is considered useful
for future work and is givern here. The procedure is considerably
simplified because of lack of data, particularly flow data, but is
nevertheless suitable for comparing j'rojects with one another.
More detailed analyses will be carried out in feasibility studies
when more data becomes available.

Assessing potential power production’

Two factors determine the project output: flow and head. In the
absence of flow data estimates of flow must be made based on
catchment area and rainfall. The annual average rainfall is first
estimated from the nearest raingauge with reliable records. Since
most raingauges are near the coast, where rainfall is likely to be
less than inland, the average rainfall for inland catchments is
estimated to be slightly above the coast figure.

The net evapotranspiration losses are assumed to be ralatively
uniform throughout the Solomons and a figure of 1160 mm per annum
is adopted from reference 2. By subtracting this from the
catchment rainfall estimate the specific runoff is obtained in mm.
This is converted to mean flow in million m3 per year and hence
m3/s by multiplying by the catchment area. Typical values of
minimum flow for a river range from 0 - 40% of the mean flow, most
commonly around 20%.

If the maximum energy output is required from the project, a total
turbine discharge of around 1.4 times the average flow is
selected, even though the generating equipment may be divided into
2 or more units.

Flow data is converted to power output by multiplying by the net
head, obtained from the gross head measured in the field minus
about 1 - 3 m for head losses depending on penstock length. The
other factor is the generating unit efficiency which is
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representéd by a single factor between 6 and 9. The smallest
micro units have the lowest efficiency (factor 6) whereas larger
Prancis and Pelton units are generally between 8 and 9. A
sizeable crossflow unit of 200 kW would typically have a value of
about 7.

Having determined the nominal installed capacity from the
efficiency factor multiplied by both the net head and 1.4 x the
average flow, an estimate can be made of the projects annual
energy output. Normally this comes from analysis of the flow
duration curve. Nothing is known of the flow duration curves of
typical small rivers and streams in the Solomons, and the
variation from river to river is likely to be great. 1In tle
absence of better estimates it is best to use a consistent rule of
thumb for comparison of different projects.

The annual energy potential is estimated by multiplying the

nominal maximum output by 4000 hours, a rule-of-thumb based on
experience from regions with similar rainfall patterns and ‘
catchment conditions.

The following example illustrates the procedure: |

Catchment area = 40 km2

Annual rainfall = 4000 mm (3600 mm at the coast)

Net evapotranspiration = 1160 mm

Specific runoff = 4000 -~ 1160 = 2840 mm

Mean flow = 2840 mm x 40 km2 = 113.6 million m3/year
= 3,6 m3/s

Minimum flow = 17% x 3.6 m3/s = 0.6 m3/s

Total turbine discharge= 1.4 x average flow = 5.0 m3/s
Gross head available =65m

Net head available = 62.5 m
Nominal turbine output = 8.0 x 62.5 x 5.0 = 2500 kW = 2.5 MW )
Pirm capacity = 8.9 x 62.5 x 0.6 = 300 kW

Estimated annual
energy output

. 6
2500 kW x 4000 hrs. = 10 x 10 kWh
= 10 GWh p.a. ]




Cost/benefit analysis

The last two items, firm capacity and energy output represent the
project benefits. The hydro projects firm capacity is the
guaranteed contribution to the total system generating capacity
and therefore represents the avoided purchase of a new diesel unit
of the same capacity (300 kW in the example above). New diesel
units cost 700 US$/kW (300 kW at 1170 SIS/KkW costs 350,000 SIS)
and must be replaced every 20 years (15 years for smaller units).
Thus the hydro project results in an avoided cost of 350,000 SIS
immediately before the project commissioning date and the same
amount repeated every 20 years in the future. -

The annual energy benefit is calculated as the average energy
output multiplied by the cost of producing the same amount of
energy from existing diesel units (from Table H.4). 1In Honiara
this is 10.64 cents/kWh at p—esent fuel prices, and the annual
benefit is therefore 10 x 10 kWh x 10.64 cents = 1,006,000 SIS.
This amount is repeated every year after commissioning and
together with tﬁé capacity benefits represents the total benefit
stream of the hydro project as shown in Table H.9.

The project investment cost is estimated taking into account all
costs including contingencies, administration etc. These costs
are distributed evenly over the construction period prior to
commissioning and are followed by an annual operation and
maintenance cost of 2% of the investment cost (1.5% for larger
projects). After 30 years it is assumed that all generating
equipment must be replaced and a corresponding sum is added to the
cost stream 30 years after commissioning.

Typical cost and benefit streams are set up as in Table H.9, and
by discounting at 10% discount rate (recommended by Central Bank
of Solomon Islands) the net present value of both the cost and
benefit streams is obtained. The ratio of net present value cost
to net bresent value benefit is an indication of the projects
viability. Values less than 1.0 indicate the hydro project to be
- more economic than diesel generation and the project is
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economically viable. Different discount rates can be tested, and
the particular rate at which the cost/benefit ratio is egual to
1.0 is known as the equalising discount rate, sometimes also
called the internal rate of return.

The on€ important wariation to this procedure occurs when the
system energy demand is less than the potential energy output of
the project calculated by the above method. In this case the full
potential benefit of the project cannot be realised and the real
benefit comes from only that part of the demand which can be
fulfilled by hydro production. If hydro power production is
limited to less than the system demand during dry flow periods,
then some use of diesel generation sets will be required. If the
hydro project has been correctly designed, however, the annual
diesel contribution is seldom more than 10% of the annual total.
It can be safely assumed that the hydropower benefits are
equivalent to the system energy demand mulitplied by a factor of
90 - 100% rising assymptopically towards a limiting value
equivalent o the potential energy production of the project. The
Komarindi project is a good illustration and the calculation of
energy benefits is tabulated in Table H.19.




TABLE H,1 -~ Existing Diesel Plant - Honiara Power Station

Unit

Manufacturer

Hodel

Generator Output
De-rated Output
Year of Manufacture
Year Installed

Lungga Power Station

Unit

Manufacturer

Model

Generator Output
De-rated Output
Year of Manufacture
Year Installed

1

Lister Blackstone

ERS8
428kW
300kWw

1958

1959

1

English Electric

6RK3C
776kW
600kW
1973
1981

2

Lister Blackstone

ERDFS8
440kWw
300kW

1968
1974

2

English Electric

6RK3C
776kW
600kwW
1973
1981

3

Lister Blackstone

ERDFS8
440kW
300kW

1968
1974

3

English Electric

6RK3C
776kW
600kw
1973
1981

4 5 6
Ruston Mirrlees Mirrlee
VEBS
332kW
280%V/ 900kW 900kW
1958
1958 1984 1984
4 5
Mirrlees Mirrlees
KS Major KS Major
1526kW 1526kW
1400kW 1400kW
1971 1971
1971 1971
]
&
]
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PROJECTS FOR HONIARA

H 1 - Present Honiara Generating System

The present generating system for Honiara as of 1984 was described
in detail in the ADB Power Development Study (reference 1l). The
salient features are repeated here for completeness, together with
updated information to describe the situation in June 1986.

The Honiara system supplies an area from just beyond the White
River in the west to just beyond the Ngalimbiu River in the east,
a distance of 30 km. The distribution is at 11 kV with supply to
all consumers at 415/240 V, 50 Hz. The system mainly follows the
coastal development and does not extend more than a few kilometres
inland.
The present system is supplied entirely by diesel generating sets
situvated in two power stations, the older one in the centre of
Honiara and a second station beside the Lungga River located as
shown on Figure F.5. The details of the existing diesel sets are
" given in Table H.l. The two power stations are connected by a
single 33 kV line.

Supply is primarily from the larger newer sets although the older
sets are still run frequently. Both Honiara and Lungga stations
will continue to operate in the foreseeable future. There is some
room for addition of new sets at both stations, although this
would require removal of the older sets at Honiara. A larger
,extension of the Lungga power station would be possible by leasing
adjacent land if necessary.

Diesel is imported in bulk tankers and stored in bulk in the
centre of Honiara. At the time of writing discussions are in
progress about the resiting of petroleum storage facilities
outside the centre. Provided the new facilities are located
within easy transport distance of the Lungga and Honiara power
stations there will be no adverse effects on supplies to SIEA.
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FIGURE F.2 - Guadalcanal system daily load curves 1983 (from reference 1)
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Operation and maintenance of the present Honiara system is
satisfactory, and the reliability of supply is reasonably good for
such a small system. The stability of frequency and voltage is a
little variable causing occasional problems for computers, clocks .
etc.

Typical daily load curves for 1983 are shown in Figure F.2 (from
reference 1). The typical daytime weekday peaks reflect the
predominance of office air conditioning systems and commercial
users, because these peaks are noticeably absent at weekends. The
load factor is 0.56 and is expected to remain around that value in
the future.

H 2 - Demand Growth and New Consumers (Gold Ridge)

A thorough demand study was carried by the ADB in 1986 and is presented
in reference 1, with the results summarised in Table H.2. Actual
figures for 1985 and 1985 are shown in Table H.3 and the latest
predictions from SIEA indicate that demand is increasing at about the
predicted rate, perhaps a little faster. The growth rate of energy is
assumed to be 6% after 1987 and this forms the basis for planning new
generation installments.

The situation in 1986 indicates that the 6% forecast looks
realistic or perhaps slightly underestimates the load growth,
despite continuing high tariffs (25 - 28 SI cents/kWh in May
1986). The Energy Section of the MMR is about to undertake an
energy conservation study, presumably followed-up by measures for
reducing consumption, especially on air conditioning systems.
There is considerable scope for savings, and these efforts are to
be highly encouraged. The present rapid growth in infrastructure
and private development in Honiara is likely to continue and this
will outweigh any'future energy conservation measures. Continued -
growth is therefore expected at least in the short term, and all
project analysis is based on the updated forecast of 6% p.a.
growth after 1987 as shown on Table KH.3.
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Table ¥-2 - Eaorgy and Maxismm Demand Ferucast - Guadaicasal System @ ADB forecast from refersace 1 (1984)

© Commfl Tetal SIEA Energy . Leed Maxines
Ren? Gent a1 & Other Seld Use Lessss Genarated Facter Demand

197% (actwnld L] a1 »e nn "nn - 953 97

1909 (actwal) N 273 %37 15003 - 1297 13700 g ;."z:

1981 (actwal) nn Lz . ¥ 1M72 - 1069 i€} 0356 ne

1962 {sctwnl) »2 M I by 1R 1 1373 17018 (X)) 353

1983 (actual) %37 333 18% ne62 1618 o7 1633 18881 3% e
. 19508 »z NN 21 3338 167¢6 % 1676 191% 03 192

1983 L1 .4 »n mn nn 18318 0 18350 211%? 6.5 432

1986 L 4 - »wn 6182 2028) %01t 208 23212 0.3 a3

1907 (1474 6238 8001 6302 2129 182 2130 20 0.3 307

193 5007 @33 W w22 rrail}) 2180 22 2723 0.5 A3
- 1989 br 4 A8 a1L 6902 23538 2220 235 28112 .56 3

19% 3587 6283 4991 7382 0763 210 r 243 29649 056 606

19935 7823 8326 )] 3981 e 3100 3276 N 036 .00

2000 "N 10130 1293 10027 43936 3600 3% 31930 Q3. 10.58

Growth pa.
£ L ¢ £ 4

197%.1983 &7 75 203 &l 74 &l

1983-19%0 (4] 5 T s L 5 &l &

1991-1995 (¥ ] 0 100 &0 33 37

1996-2000 0 0 100 &0 (¥ i3

1933-2000 &0 k¥ ) 120 2 (] «

Not

L In 1980 and 1981 SIEA use included In the industrial catgory.
2 Energy in MWh and demand In MW,
2

.

Figures for SIEA we, losses Mwmﬂhﬂu!xmwmmw
in 1987 and additional units thereafter using diesel.

Energy generated for specific options are developed in Appendix &,

TABLE H.3 - UPDATED DEMAND PORECAST FOR HONIARA SYSTEM

ENERGY (GWh) PEAK (W)
1980 15.7 3.24
1981 16.9 3.46
1982 17.0 3.65 actual recorcded figures
1983 18.9 3.79
1964 19.6 4.05
1985 22.0 : 4.50
1986 24.4 4.90 short-term forecast
1987 26.4 5.28 (SIEA)
1988 27.5 5.60 6% predicted by ADB
1989 29.1 5.94 (ref 1)
1990 30.8 6.29
1991 32.7 6.67
1992 34.7 7.07
1993 36.7 7.49
. 1994 38.9 7.94
1998 41.3 8.42
1996 43.8 8.93
1997 46.4 9.46
1998 49.2 10.03
- 1999 $2.1 10.63
2000 8.2 11.27
001 $8.5 11.94
2002 62.0 12.66
2003 65.7 12.42
2004 69.7 14,22
2005 73.9 15.10
2006 78.3 16.00
2007 8.0 16.90
2008 88.0 18.00
2007 923.3 19.10
010 98.9 20.20

e ST e e T e e




New consumers are continually being connected, but special mention
must be made of one major potential consumer, namely a future gold
mine development at Gold Ridge, some 30 km south east of Honiara.
Investigatory drillings have reached an advanced stage and the
Government may grant a prospecting license within a year or so.
There are many difficulties, however, including land ownership and
compensation, and the Gold Ridge development is at present very
uncertain. If the development were to go ahead it is assumed that
an additional 10 MW capacity and 60 GWh annual energy would be
required rapidly. This would increase the Honiara system demand
to 16 MW and 90 GWh annually in 1990.

Preliminary discussions indicate that the SI Government would be
responsible for supplying (and guaranteeing) adequate power at the
present industrial tariff. This would have a major effect on
SIEA”s generation expansion plans, with new generation units being
required specifically for Gold Ridge. Alternatively the mining
company might provide and maintain its own power supply.

The analysis of hydropower projects for Honiara is based on the
assumption that Gold Ridge mine is not developed. If additional
power is required for Gold Ridge, it will significantly improve
the economic feasibility of large projects such as Komarindi, but
have no effect on smaller projects such as Tenaru where the
potential output can already be absorbed by the present system.




Honiara Auki Kira Kira Buala Santa Cruz
Diesel price (June 86 ex duty) 28.42 3l.41 34.91 33.4) 36.41 (8I cents/litre)
Consumption (1/kWh) 0.29 0.417 0.454 0.454 0.454
Fuel cost (cents/kWh) 8.24 13.10 15.85 15.17 16.53
Lubrication cost (cents/kwWh) 0.4 0.5 0.5 0.5 0.5
Operation and maintenance (centg/kWh) 2.0 3.0 5.0 5.0 5.0
Marginal cost of energy (cents/kWh) 10.64 16.60 21.35 20.67 22,03
Depreciation 2.26 2.7 3.0 3.0 3.5
Other fixea costs divided by *
annual sales (estimates.for 1986) 9.0 13.0 25.0 30.0 35.5
TOTAL COST (SI cents/kWh sold) 21.9 32.3 49.4 53.7 61.0

¥ Includes admin,, distribution, own generation and staff costs.
(Estimated by updating SIEA figures for 1983)

“'ABLE H.4 - Cost of diesel generation in the Solomon Islands (1986)

{




H 3 - Generation Expansion Alternatives

H 3.1 Diesel

The installation of diesel generating sets will continue to be a
viable expansion alternative, either combined with dendro or hydro
or diesel on its own. The recent fall in oil prices will make
this alternative much more favourable in the short term until oil
prices rise again to levels comparable to 1984 (the date of the
ADB study). At the time of writing the price of o0il had sunk to
around 10 USD per barrel, but the price of diesel delivered to the
Solomons was falling much more slowly. Prices for diesel
delivered in June 1986 ex. duty are given in Table H.4, the
Honiara price being 28.41 SI cents/litre or 17 US cents/litre.

There appears to be continued pressure at present holding oil
prices down, and opinions on future trends vary widely. It can be
expected that after a relatively low price period, say 5 years,
the pendulum will swing back again and prices will rise again
rapidly as proven oil reserves begin to dwindle towards the year
2000. In the absence of reliable predictions, the June 1986 price
level (Table H.4) has been assumed to apply in the future, and
diesel prices are assumed to increase in par with inflation.

Future decisions based on the analyses presented in this report
should bear in mind the actual price of diesel at the time of
making the decision. If prices for diesel rise slower than
construction costs, this will favor diesel plant compared with
hydro and dendro. An economic analysis similar to the ones
presented here should be repeated using current prices before
major planning decisions are taken.

Diesel units have approximately constant capital investment costs
per kW independent of size. The figure of SI$ 1170/kwW (700
US$/kW) used here represents the complete station price and
compares with the ADB report, Appendix 4.1, updated by 2.5 years
inflation.
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TABLE H.5 - HONIARA SYSTEM: PROBABLE DENDRO/DIESEL GENERATION
EXPANSION SEQUENCE

(All figures in MW)

HON. LUNG. NEW DENDRO TOTAL STANDBY FIRM PEAK

DEMAND
1986 2.98 4.60 - - 7.58 2.30 5.28 4.90
1987 2.98 4.60 - - 7.58 2.30 5.28 5.28
1988 2.98 4.60 1.4 - 8.98 2.80 6.18 5.60
1989 2.98 4.60 1.4 - 8.98 2.80 6.18 5.93
1990 1.80 4.60 1.4 3.0 10.80 4.40 6.40 6.29
1991 1.80 4.60 4.4% 3.0 13.80 6.00 7.80 6.67
1992 1.80 1.80 7.4* 3.0 14.00 6.00 8.00 7.07
1993 1.80 1.80 7.4 3.0 14.00 6.00 8.00 7.49
1994 1.80 10.4* 3.0 15.20 6.00 9.20 7.94
1995 1.80 10.4 3.0 15.20 6.00 9.20 8.42
1996 1.80 10.4 3.0 15.20 6.00 9.20 8.92
-1997 1.80 13.4* 3.0 18.20 6.00 12.20 9.46
1998 1.80 13.4 3.0 18.20 6.00 12.20 10.03
1999 1.80 13.4 3.0 18.20 6.00 12.20 10.63
2000 1.80 13.4 3.0 18.20 6.00 12,20 11.27
2001 16.4* 3.0 19.40 6.00 13.40 11.94
2002 “16.4 3.0 ° 19.40 6.00 13.40 12.66
2003 16.4 3.0 19.40 6.00 13.40 13.42
2004 19.4* 3.0 22.40 6.00 16.40 14.22
2005 19.4 3.0 22.40 6.00 16.40 15.03
2006 19.4 3.0 22.40 6.00 16.40 16.00
2007 22 .4* 3.0 25.40 6.00 19.40 16.90
2008 21.0 3.0 24.00 6.00 13.00 18.0¢
2009 24 .0* 3.0 27.00 6.00 21.00 19.00
2010 24.0 3.0 27.00 6.00 21.00 20.20

* New 3MW unit to be commissioned by start of year




The marginal generation cost of diesel generated electricity in
Honiara is calculated at SI 10.64 cents/kWh (US 6.4 cents/kWh), as
calculated in Table H.4. This represents only the marginal cost of
generating additional electricity using existing sets, and does '
not include capital depreciation or fixed components, which more
than doubles the unit cost.

The Honiara system in 1986 is already running on reduced standby
capacity and slight problems will arise if the two largest (1.4
MW) units are out simultaneously. SIEA are therefore considering
installing a new diesel unit to be commissioned before the planned
dendrothermal plant. The size of the new unit is undecided, but
is assumed to be 1.4 MW for simplicity in the present analysis.
The older Honiara units are due for retirement soon, and the
system in 1990 is assumed to have a total of 10.8 MW installed
capacity as shown in Table H.S.

In comparing the various options open to SIEA for expanding their
generation facilities the following assumptions have been made.

(i) 3 MW dendrothermal capacity on line by 1990

(ii) the standby capacity must be greater than the
two largest units in the system.

(iii) additional units are added of standard 3 MW size
(for simplicity of analysis)

(iv) older diesel units are retired after 20 years of service

Considering the scenario or "option" where no hydro project is
included, the probable sequence of diesel unit installation is set
up as shown in Table H.5. This represents the basic dendro/diesel
or *non-hydro® option used for comparing all hydro projects for
Honiara in the cost/benefit analysis. (C.f. the ADB report,
Appendix 4 with updating to include the two 900 kW second-hand
diesel sets installed at Honiara power station in 1984).




To calculate the benefits from any hydro project, it is assumed
that the hydro project is commissioned in early 1991. Certain
costs in the "non-hydro® option can be avoided if the hydro plant
is built and these are calculated in the form of

(i) avoided purchase of new diesel units equivalent to the
firm capacity of the hydro plant

(ii) avoided fuel and running costs for existing diesel uaits
equivalent to the average annual energy output of the
hydro plant

It is the latter item which dominates the benefit stream of
typical run-of-the-river hydro plants such as those proposed for
Honiara. By multiplying by the equivalent diesel prices of 1170
SIS per kW installed and 10.64 SI cents/kWh produced respectively,
the benefit stream of the hydro project is set up. Examples of
such cost/benefit analyses are given in later chapters.

H 3.2 Dendrothermal

A steam turbine generator fired by a variety of wood and plant
residue fuels or "dendrothermal®™ plant has bean proposed and is
analysed and reported by the ADB mission (reference 1). This type
of plant is well suited for the Solomon Islands because the
running costs are low relative to diesel, and it uses indigenous
fuel resources. The ADB report recommends a 2 x 2 MW
dendrothermal plant but some land problems may be encountered in
establishing fuelwood plantations which will be required in later
years. The optimum installed capacity was therefore later reduced
to 3 MW. Since the capital cost of 2 units is significantly
higher than one, a single 3 MW unit is being considered and
appears to be the most likely alternative at the time of writing.




The ADB have indicated their willingness to fund the design and
eventual construction of the dendruthermal plant and establishment
of a trial fuelwood plantaticn, and loans are expected to be
approved later in 1986, ‘A site has been identified and
negotiations are in progress. Every indication is that a 3 MW
dendrothermal plant will be commissioned in late 1989. For the
purpose of further analysis, this scheme is considered to be
committed and will produce power from 1990 onwards. '

The possibility of further dendrothermal development (up to 8 MW)
was considered by the ADB study, and found to be marginally
economic compared with the option with continued diesel unit
expansion after the initial dendro unit. The cost of fuel for
additional dendrothermal plants will be higher than for the
initial 3 MW plant, as the cheaper fuel sources are fully
utilised. Furthermore, the future of fuelwood plantations on
Guadalcanal is extremely uncertain due to land problems and it is
probable that further dendro plants will not be a realistic
alternative in the short and medium term. For these same reasons
as given in reference 1, Chapter 5, and for simplicity, a
development option including dendrothermal plant beyond the
initial 3 MW was not considered in the present study, and the
least cost alternative to hydro was assumed to be continued diesel
expansion as described in the’previous chapter.

The planned 3 MW dendro scheme will produce about 18 net GWh
annually at an average fuel cost of about 5.5 SI cents/kWh at 1986
price levels (from ref..l Appendix 6.7.2 excluding the Foxwood
sawmill contribution). It will be operated as the base load
generator with diesel supplementing the supply as the demand
varies.




I“*fgbwt:

57

D" PYNERWIN
MICE CARDIW & etk
W HOCHTIN WiN
CIMEAON MSNAMARA & MATIIRS PTY. LT0.

1480 _HVIRgeIRe) oo et LS
BAMSITE , TUNMIL & NYBAAPOWIR BTATION

FIGURE F.3 - Lungga hydropower project - General layout (from reference 9) |



H 3.3 Lungga Hydropower Project

This project is located on the Lungga River at a narrow gorge site
some 9 km inland from Honiara as shown in Figure F.5. It involves
the construction of a 50 m high rockfill dam and installation of a
total of 21 MW generation capacity at an initial cost exceeding
100 million SI$ at 1986 price levels. The general laycut is
reproduced here as Figure F.3.

The project has been planned and studied extensively since 1966,
culminating in a tender competition in 1981, which showed
construction costs greatly exceeding the engineers estimate.
Updating of these costs to 1986 price levels results in an
investment cost exceeding 100 million SIS. Repeated efforts have
been made to reduce the initial investment by phasing the scheme
or raising the dam in two stages, but without reducing the net
present value cost significantly.

The dam was to be constructed at a site with complex and
unfavourable geological conditions. The river bed alluvium is
known to extend 65 m below river level and must be sealed by a
bentonite slurry trench. The dam abutments include limestone
shown to have karst features (large open passages in the rock) and
the extent of grouting required to prevent leakage is generally
unpredictable. The headraces involve concrete-~lined tunnels with
associated contact grouting problems in the limestone. The
spillway empties directly into the river bed upstream of the pcwer
house, which will result in severe erosion of the river bed and
likely deposition of alluvial material outside the power station
tailrace. Maintenance costs will be high, and costly repair works
may be necessary after each major flood.

According to all norms of dam engineering, the Lungga project must
be considered as a high risk project, with a high likelihood of
cost overruns due to unpredictable geological conditions.




TABLE H.6 - LUNGGA HYDROPOWER PROJECT

Data for cost/benefit analysis

Phase Civil Works Units Year Annual energy Cost **
Installed * Comnissioned (GWh) (million SIS)
I Dam, powver st. .
overflow 3 No 1991 50.0 100.0
11 - 1 No 1999 55.0 3.7
II1 - 1 No 2001 60.0 3.7

v Spillway gate
structare uprating 2003 - 77.6 27.0

hd Each unit is rated at 2.52 MW Phase 1 (FSL = 60 m)
uprated to 4.20 MW Phase IV (FSL = 70 m)

*+ Estimate updated to 1986 price levels

Firm capacity estimates:
2.6 MW in Phase I (guarant.ed flow = 10 m3/s)
6 MW in Phase IV (guaranteeéd flow = 17 m3/s)
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The following updated economic analysis has been carried out as
part of the present study to investigate whether the Lungga
project will be viable under any circumstances in the future. The
analysis is a simplified one for ease of understanding and because
of the amount of conjecture incorporated in many of the '
assumptions.

The Honiara system demand will be satisfied up to the end of 1990
by installation of a new 1.4 MW diesel unit and the proposed 3 MW
dendrothermal plant. 1991 is the earliest possible commissioning
date for the Lungga hydropower plant. The Lungga project data
used in the present cost/benefit analysis are summarised in Table
H.6. Only 3 units are required in 1991 according to the latest
demand forecast with further units needed in 1999 and 2001
followed by spillway gates in 2003.

Assuming the latest demand forecast (Table H.3) it is possible to
set up the cost and benefit streams of the Lungga project as
presented in Table H.7. Design and construction costs totalling
100 million SI$ are spread over the years 1987 to 1990 inclusive,
with Phases II, III and IV expenditure coming in years 1998, 2000
and 2002 respectively. The annual operation and maintenance cost
is assumed to be 1.5% of the capita! investment, amounting to 2
million SIS after Phase IV. After operating for 30 years it is
assumed that all Phase I electrical and mechanical equipment will
need replacement at a cost of 11 million SI$ in 2020,

The benefits are calculated as the avoided cost of continued
diesel and dendro operation up to 2020. Figures in the early years
are identical to the Komarindi project analysis as set out in
Table H.1¢, and start at 2.46 million SI$ in 1991, rising along
with the hydropower contribution to demand until the total Lungga
energy potential of 77.6 GWh replaces diesel in 2009, which is
equivalent to 8.26 miliion SI$ p.a. In addition the avoided cost
of installing 2.6 MW of diesel in 1990 and a further 3.4 MW in
2002 at 1170 SIS/kW are added (equivalent to Lunggas firm capacity
contribution to the system).
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TABLE H.7
LUNGGA HYDROPOWER PROJECTs Solomon Is. (Assumes ADB demand growth, 6% p.a.)
COST - BENEFIT ANALYSIS (mitl.Siss 1988 rrice level) Biscount rate = 10.0 2

I YEAR SISCOINY  CNSTS REHEFITS ! 1984 PV 1986 PV }
- i FACTOR l COSTS BENEFITS |
i 1986 | 1,00 0.00 0.00 1 0.00 0.00 |
1 1987 | 0.91 10,00 0.00 { 9.09 0.00 i
| 1988 | 0.83 30.00 0.00 1 24,79 0.00 i
I o1y89 1 0,75 30,00 0.00 } 22.54 0.00 1
I 1990 | 0.48 30.00 3.04 ) 20.4% 2.08 i
1 1991 !¢ .62 1.50 2.46 | 0.93 1.53 I
1 1992 1§ 0.56 1,50 2.687 i 0.85 1.5 i
I 1993 | 0.51 1.50 2,36 | 0.77 1.47 i
1 194 ) 0.47 1.50 3.06 i 6.70 1.43 i
I 1995 1 0.42 1.50 3.29 ] 0.54 1.40 I
I 1996 !} 0.39 1.50 3.50 i 0.58 1.3% 1
I 1997 1 0.35 1.50 3.70 ] 0,33 1.30 |
1 1998 1 0.32 5.20 3.91 1 1.64 1.25 }
I 1999 | 0.29 1.50 4.12 I 0.43 1.19 |
| 2000 !} 0.26 5.20 4,28 1 1.37 1.13 i
I 200t | 0.24 1.50 4,45 i 0.346 1.07 |
I 2002 | 0.22 28.50 8.92 I 6.20 1.94 i
§ 2003 | 0.20 2.00 6,09 § 0.40 1.20 |
I 2004 | 0.18 2.00 $.43 { 0.36 1.16 I
I 2005 | 0.16 2,00 6.80 1 0.33 1.11 |
I 2006 | 0.15 2,00 7.16 | 0.30 1.06 |
I 2007 1 0.14 2.00 7.53 1 0.27 1.02 ]
| 2008 | 0.12 2.00 7.90 § 0.25 0.97 |
] .2009 | 0.11 . 2,00 8.26 ! 0.22 0.92 i
I 2010 0.10 2,00 11,30 | 0.20 1.15 !
I 2011 1 0,09 2,00 8.26 I 0.18 0.76 i
] 2012 | 0.08 2.00 8.26 1 0.17 0,69 i
1 2013 | 0,08 2,00 4,24 | 0.45 0.63 |
1 2014 | 0.07 2.00 8.26 I 0.14 0.57 i
1 20153 " 0.06 2.00 8.26 ) 0.13 0.52 I
I 2016 | 0.06 2.00 8.26 | 0.11 0.47 I
] 2017 ) 0,03 2,00 3.26 1 0.10 0.43 §
I 2038 | 0.05 2.00 8.26 I 0.09 0.39 I
i 2019 | 0.04 2,00 8,26 | 0.09 0.36 |
I 2020 | 0,04 13.00 B8.26 | 0.51 0.32 I
2071 onuwards remainder ¢ 0.78 3.23

NPC = 96,71 NPB = 35.0%
Cost/EBenefit ralio s 2.72
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The results show that at 10% discount rate the cost/benefit ratio
is 2.72, indicating the Lungga project to be totally uneconomic
{Table H.7).

In order to test whether Lungga is uneconomic only because of the
low present level og demand, it is assumed that Lungga”s energy
potential can be absorbed immediately, as might be the case if the
Gold Ridge mine was developed. This scenario assumes the same
construction sequence and hence the same cost stream as in Table
H.7, but the benefits are increased as shown in Table H.8.
Assuming the Phase I hydro potential of 50 GWh entirely replaces
diesel at 10.64 SI cents/kWh gives an annual benefit of 5.32
million SI$ immediately after commissioning.

Even in this scenario the cost/benefit ratio is greater than 2.0,
indicating the Lungga hydropower project to be totally uaneconomic
despite the most optimistic assumptions of power demand growth.

Furthermore, there are serious practical constraints with relying
on a hydropower project to supply a mine development like Gold
Ridge. PFirstly, the lead time for the Lungga project is about 4
years after a firm committment is made to go ahead, and the
capital repayment on the loans can run to 30 or 40 years. This is
in stark contrast to the mine which will require power within 1
year of deciding to go ahead, and will only require power for its
economic lifetime, estimated at 10 - 15 years for Gold Ridge. It
will therefore be necessary to install provisional diesel units
during the first few years of mining construction and operation
while Lungga is being constructed.

Secondly the starting up of construction work on both the mine and
the hydropower project simultaneously means an enormous capital
drain on the economy within a short space of time. The
infrastructure required in new access roads, housing, water and
sanitation, port and transport facilities etc., will add even
further to the capital requirement. Many large loans will be
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TABLE H.8
LUNGGA HYDROPOMER PROJECT» Solomon Is. (Assumes unlimited demand)
COST - BENEFIT ANALYSTS (sill.SU$s 1985 srice level) Discount rate = 10.0 I

I YEAR | OTSCOURY  COSTS BENEFITS | 1934 PV 1986 PV I
1 I  FACTOR | CcosTS BENEFITS |
| 1986 | 1.00 0.00 0.00 | 0.00 - 0,00 1
1 1987 1| 0.91 19.00 0.00 i ?.09 0.00 1
1 1988 1 0.83 30.00 0.00 i 24,79 0.00 |
1 198y | 0.7% 30,00 0.00 | 22.54 0.00 |
I 1990 | 0.68 30.00 3.04 J 20.4% 2.08 |
I 199t 1 0.82 1.30 3.32 | 9.93 3.30 |
I 5992 1 0.54 1.50 5.32 i 0.8%5 3.00 I
I 1993 1| 0.51 1.50 5.32 I 0.77 2.73 i
I 1994 0.47 1.50 5.32 i 0.70 2.48 |
1 19935 | 0.42 1.50 5.32 1 9.64 2.26 |
I 1996 | 0.39 1.50 5.32 | 0.58 . 2,05 I
I 1997 i 0.35 1.50 3.32 1 .53 1.86 i
1 1998 | 0.32 5.20 5.32 1 1.66 1.70 |
I 1999 1 0.29 1.50 .85 ] 0.43 1.469 |
I 2000 1| 0.26 5.20 5.8% l 1.37 1.54 |
I 2001 | 0.24 1.50 4.38 ) 0.35 1.53 1
I 2002 | 0.22 28.50 10.35 1 6.20 2.25 i
I 2003 | 0.20 2.00 8.26 | 0.40 1.63 I
1 2004 | 0.18 2.00 8.26 1 0.34 1.4% l
I 2005 | 0.16 2.00 8.26 § 0.33 1.35 |
I 2006 i 0.15 2.00 8.26 } 0.30 1.23 f
I 2007 | 0.14 2.00 8.26 | 0,27 1.12 |
1 2008 i o 0.12 2.00 8.26 { 0.25 1.01 l
1 2009 9.11 2.00 8.26 | 0.22 9,92 I
I 2010 | 0.10 2.00 11,30 l 0.20 1.15 !
I 201t |} 6.09 2,00 8.24 I .18 0.76 1
i 2012 | 0.08 2,00 8.26 | 0.17 0.69 |
I 2013 | .08 2.00 8.26 | 0.15 0.53 |
I 2014 | 0.07 2,00 8.26 1 0.14 0.57 i
1 2015 1 0.06 2.00 8.26 | 0,13 0.52 l
i 2016 | 0.06 2.00 8.26 I 0.11 0.47 I
i 2017 | 0.05 2,00 B.26 I 0.10 0.43 I
I 2018 | 0.05 2,00 8.26 I 0.09 0.39 |
1 2019 | V.04 2.00 3.26 I 0.09 0.36 |
1 2020 | 0.04 13,00 8.26 i 0.51 6.32 |
2021 onuards remainder ! 0.78 3.23

NPC = 946,73 NPB = 44.76
Cost/Benef; ¢t ratio = 2,07
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required and most donors will not be prepared to take such high
risks for a small economy like the Solomon Islands. On the other
hand, the low investment cost of diesel generation sets is much
more suitable for short-term use as foreseen at Gold Ridge.

It is evident from this simple but realistic analysis that the
Lungga hydropower project is of the order of 2 - 3 times too
costly to warrant further consideration. Even if the entire firm
energy output of 77.6 GWh p.a. could be consumed by some future
large consumer like Gold Ridge, the cost of power from Lungga
would be double the present rate from diesel.

It is concluded that the Lungga hydropower project is definitely
not economically viable and will not become viable under any
circumstances within the foreseeable future. Smaller hydropower
projects proposed in the next chapters present a more economic
proposition, and it is therefore recommended that the Lungga
project be discarded as a realistic alternative development.

H 3.4 Small Hydropower Projects for Honiara (1 - 10 MW)

Despite the impending construction of a dendrothermal power plant
there is still scope for substituting diesel generation costs
after the dendrothermal plant is commissioned in 1989. Hydropower
projects of up to 10 MW producing up to 50 GWh annually and
costing no more than 42 million SXI$ are worthy of consideration at
present fuel prices. These are commonly classified as "small
hydro" projects.

These small hydro projects are typically run-of-the-river projects
without seasonal reservoir storage. They utilise whatever flow is
available in the river to substitute diesel (or dendro)
generation. They have little or no reliable capacity because
river flows in Guadalcanal drop to low levels or in some cases
even dry up during the dry season.
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TABLE H.9 - HYPOTHETICAL “BREAK-EVEN" PROJECT

Consider a project costing 8.5 million SIS.

Producing annually 10.0 GWh (from 2.5 MW installed) -
Assume all 10 GWh can be absorbed in the Honiara system
Firm power 300 kW (g min. = 20% g avge.)

Operation and maintenance 2% of capital

Alternative cost of diesel energy 10.64 SI cents/kWh
Capital cost of diesel units 1170 SI$/kW (700 US$/kW)
Discount rate 10%.

Year Costs Benefits Comments
(million SIS) (million SIS)

1 0.5 - Planning
2 1.0 - Design/access
3 3.5 - Construction
4 3.5 0.35 Construction
S 0.17 1.06 Commissioned
6 0.17 1.06
7 0.17 1.06
8 0.17 1.06
etc. etc. etc.

NPC = 8.22 NPB = 8.23 Cost/benefit ratioc = 1.0
Conclusion:

Run-of-the-river projects costing 0.85 million SI$ per GWh annual
production are marginally economic at present diesel prices
(28.41 SI cents/litre - June 1986)




- k6 -

The advantage of such projects is that the cost of providing
reservoir storage (i.e. dams) is considerably reduced. Only a
concrete overflow structure or diversion weir is required to
provide an intake pool or at the most a daily storage reservoir.
The iack of firm capacity is substituted by thermal power units
which can run in periods of low river flow. Since the Honiara
system already has diesel {and soon dendrothermal).generation
these can act as appropriate thermal back-up for such
run-of-the-river hydropower projects at no additional cost.

It is relatively easy to analyse run-of-the-river projects because
their benefits are equal to the annual average energy they produce -
multiplied by the marginal cost of generating that energy by
existing diesel units (10.64 SI cents/kWh from Table H.4). A
hypothetical run-of-the-river hydro project which is marginally
economic has been set up and analysed in Table H.9.

The project is assumed to produce 10 GWh annually and will cost
8.5 million SI$. Such a project breaks even with diesel
generation at 10% discount rate. Because the total benefits are
directly proportional to the amount of energy the project
produces, it is possible to conclude that 0.85 million SI$ per
annual GWh produced is the "break-even" figure. Projects
providing power at a capital cost of less than 0.85 million SI$
per annual GWh will prove to be economic provided their full
energy potential can be used to substitute diesel generation. It
is important to note that this figure applies to present diesel
prices (28.41 cents/litre excl. duty) and will increase in
proportion to any increase in diesel prices. '

Investigations for hydropower development around Honiara have
therefore centered on finding potential run-of-the-river projects
of about 1 ~ 10 MW in size. It is conceivable that economic
projects of less than 1 MW are available, but such "mini-hydro”
projects still require good hydrological data, professional design
by consultants, administration by government bodies, fully-trained
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operators and costly access roads and transmission lines without
having the benefits of scale of larger alternatives. Theic is
growing evidence internationally that mini-hydro projects of
between 100 kW and 1 MW are usually among the most expensive per
kWh produced when compared with small and large hydro (greater
than 1 MW) and even some low-cost micro-hydro (less than 100 kW).

The author carried out a thorough search for project possibilities
of any scale using the 1:50,000 topographical maps of Guadalcanal,
followed by site inspection of the Mataniko, Tenaru, Tinahula,
Kohove and Lungga rivers. Surprisingly very few possibilities
emerged for the following reasons:

(1) The topography is not particularly suited to small
hydro projects. Many rivers cut deep gorges with
vertical sides or slopes which are lying at the
critical stability angle of loose material (around
450). Such terrain renders canal and penstock
construction very expensive and in some cases
impossible.

(ii) The geology is very complex and the prevailing rocks
are problematic for construction work such as tunnels
and dam foundations. Limestone is frequent and
usually karstic with caves, ducts and underground
passages nearly impossible to seal. Other rocks are
often soft, poorly cemented and easily erodible.

(iii) The variation in specific runoff from catchment to
catchment is quite large, presumably due to the
rapidly varying geological formations. There is a
total lack of runoff data for small rivers, and it is
therefore nearly impossible at this stage to predict
which rivers have a high runoff suitable for

hydropower projects.
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(iv) Lack of access roads and even paths severely limits
the area which can be investigated and will increase
design and construction costs.

(v) Nearly all potential projects lie on custom owned land
which makes it necessary to undergo a complex legal
process, probably involving compensation payments and
delays in investigation and construction work.

(vi) Honiara is among the driest areas of the Solomons,
having an annual rainfall of only 2000 mm. There is'a
marked dry period from April to October in which the
river flow becomes very low or totally dry (see

. Appendix D). Potential run-of-the-river schemes on
small rivers cannot be relied on for firm capacity and
full diesel back-up will be required for each hydro
unit. -

Nonetheless, it is possible to indicate from the present study
which rivers have the most promising possibilities for small hydro
development and which others can be discounted from further
investigations. Only rivers on the north side of Guadalcanal
within reasonable transmission distance of Honiara were
considered. There is a large hydropower potential on the south
side of Guadacanal where rainfall is much higher (8000 mm has been
recorded) and the rivers fall more steeply. There is, however, no
demand at present along the south coast, and transmission costs

across the island are prohibitive for small projects.




FIGURE F.4 - Mataniko hydropower ptojqct'- general layout (scale 1:10,000)
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Mataniko River

This is the nearest river of any size to Honiara, and has a
spectacular waterfall within short walking distance known as
Mataniko Falls. The project area has been mapped at 1:10,000
scale and is presented in Fiqure F.4.

A simple canal type of project is presented, similar to that of
the UNDTCD survey (reference 2), excepé that the canal is
considerably shortened to reduce project costs and avoid the steep
slopes on which canal construction was proposed in reference 2.
The revised project data are presented in Table H.10 and the cost
estimates in Table H.1ll. The project will provide 5.0 GWh
annually and cost 6.3 million SI$ to construct. Based on the
break-even figure 6f 0.85 million SI$ per annual GWh the
cost/benefit ratio is 1.48, clearly uneconomic.

Tﬁe project proposal of reference 2 will be more costly at approx.
8 million SI$ at 1986 prices even assuming a headrace canal could
be constructed in the steep terrain, which is very dubious.

Furthermore the project would largely destroy the Mataniko Falls
as a beauty spot and as a sacred or holy place for most of the
Guadalcanal people. It is therefore recommended that the Mataniko
project be dropped as a viable power project. The Mataniko river
may be developed as a suitable water supply source for Honiara as
and when required.

Tenaru River

The Tenaru River drains a catchment area of 23 km2 adjacent to the
Lungga river, and falls about 300 m in a reach of 5 km in length.
At a level of 200 m above sea leve) it passes within 1.5 km of the
Lungga River which runs at 27 m a.s.l. just below the proposed
Lungga dam site (see Pigure F.5). A short tunnel and penstock
leading from the Tenaru to the Lungga will utilise 170 m of head
to produce 11.7 GWh p.a. at a cost of 11.3 million S1§.
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TABLE H.10 - NMATANIKO PRUJECT - KEY DATA

e e —————

Catchment area - 32.5 km2

Estimated annual runoff « 1800 wm

Mean discharge (q) = 1.85 m3/s (58.5 million m3 p.a.)
99% guaranteed discharge = 0.46 m3/s {25% q)

Dam crest level =082=

Normal tailvater level =15m

Gross head =67Tm

*5tal head losses = 1.0 q2

~urbine discharge (1.2 ) = 2.4 mi/s

Annual energy potential = 5.0 Gih

Instailed capacity = 2 x 600 kW horizontal Prancis
Firm capacity | = 220 XN

TABLE H.11 - MATANIKO PROJECT - COST ESTIMATES

Civil Works million SIS
Land clearance 0.06
Access roads (8 km) 0.32
Intake weir (60 m long, 4 m high) 0.25
Intake (2.3 m3/s max) 0.09
Desilting basin 6.20
Headrace tunnel (canal or pipe ,
600 m long) 0.48
Head pond 0.28
Penstock (800 m dia, 270 m long) 0.40
Power house 0.50
Site establishment, preliminaries 0.38
Sub-total 2.96
Contingencies (20%) 0.59

EBlectromechanical Zguipment

Generating aquipment package
(2 x 600 kW FPrancis) 1.00
Transformers, svitchgear 0.09 :

’ Transmission line (2.5 km, 33 kW) 0.08
Sub-total 1.17
Contingencies (15%) 0.18
- Land aquisition and compensation 0.32
Engineering and administration 1.08
TOTAL INVESTMENT COST 6.30

Annual energy production » 5.0 GWh
Cost/benefit ratio = 1.48
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TABLE H.12 - TENARU PROJECTS = KEY DATA

Upper dam site (Tenmaru A):

Catchment area = 17 km2

Estimated annual runoff = 2300 mm N
Mean discharge, g = 1,24 m3/s (39.1 million m3 p.a.)

99% guaranteed discharge = 0.25 m3/s (estimated at 20% q)

Dam crest level = 350 n

Lower dam site (Tenaru B):

Catchment area = 23 km2

Estimated annual runoff = 2200 mm

Mean discharge, g = 1.60 m3/s (50.6 million m3 p.a.)
99% guaranteed discharge = 0.32 m3/s (estimated at 20% q)
Dam crest level = 200 m

Tenaru A alternative:

Normal tailwater level =75 m

Turbine axle level (Pelton) = 80 m

Gross head = 270 m

Total head losses = 5.0 q2

Turbine discharge (3.6 MW) = 1.6 m3/s (1.3 x q)
Annual energy potential = 14.4 GWh

Pirm power = 520 kW

Tenaru Bl alternative (Lungga transfer):

Normal tailwater level I0m
Gross head 170 m
Total head loss 2.0 g2

Turbine discharge (2.5 MW)
Compensation flow

1.8 m3/s (20% q minus 0.3 m3/s)
0.3 m3/s constant all year

Annual energy potential 11.7 cwh
Loss from compensation flow 3.7 GWh
Net energy potential 8.0 GWh
Pirm power 0

Tenaru B2 alternative:

Normal tailwater level =90 m

Gross head =110 m

Total head loss = 2,0 g2

Turbine discharge (1.8 MW) = 2.1 m3/s (estimated at 20% q) ’
Annual energy potential = 7.5 GAh

Firm power = 240 kW
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This project has one majior drawback in that it transfers water
from the Tenaru to the Lungga River, adversely affecting the large
Tenaru river basin downstream. It will be necessary to release a
compensation flow at least equivalent to the dry season flow in
the river which is estimated at 20% of the mean flow or 300 1/s.
This results in a lost annual power production of 3.7 GWh and
complete loss of all power production during dry months. The
remaining energy production is therefore 8.0 GWh p.a. mainly in
the form of random power during wet weather and flood rises. This
alternative is known as Tenaru Bl and is comparable with the
UNDTCD proposal (reference 2).

Another alternative known as Tenaru B2 using a tunnel on the south
bank and returning the water to the Tenaru River at a level of 90
m has been considered. In this case no compensation flow is
required but the available head is less. Tenaru B2 would produce
7.5 GWh annually for an investment cost of 11.9 million SIS.

A third alternative has also been considered using a dam site
higher up at 350 m, and a 3 km long tunnel to a power station site
lower down on the Tenaru River. This is referred to as Tenaru A
and would provide l14.4 GWh annually with an investment cost of
18.1 million SIS.

The Tenaru schemes are shown on Figure F.5 and key data given in
Table H.1l2., Construction of the project will produce relatively
few problems. The diversion weir can probably be founded on sound
rock and the tunnel can be driven as a free surface flow headrace
at a slope of 1.5 m per km. A small cross-section of excavation is
adequate (6 m2) and labour intensive mining methods might be

. considered to keep the tunnelling cost to a minimum. A head pond
and desilting basin is constructed at the tunnel exit. An 800 mm
diameter steel penstock leads down to a power station either on
the banks of the Lungga (Tenaru A) or on the Tenaru (Bl and B2).
Flood rises on the Lungga can frequently be more than 5 m, and
some head must be sacrificed in order to site the power station
high enoujh for safety from floods.
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TABLE H.13 - TENARU A -~ COST ESTIMATES

Civil Works million SI$
Land clearance 0.10
. Access roads and bridge (10 km) 0.60
Diversion weir 0.15
Intake 0.10
Desilting basin -
Headrace tunnel (3 km, 6 m2 section) 6.00
Head pond + desilting basin 10.50
Penstock (1100 m, 800 dia) 1.10
Power house - 0.50
Tailrace 0.05
Site establishment, preliminaries 1.40
Sub-total 10.50
Contingencies (20%) 2.10

Electromechanical Equipment

Generating equipment (3.6 MW Peltomn) 1.60
Transformers, switchgear 0.12
Transmission line (11 km, 33 kV) 0.28

Sub~-total 2.00

Contingencies (15%) 0.30

Land aquisition and compensation 0.70

, Engineering and administration 2.50

; TOTAL INVESTMENT COST 18.10

Annual energy production = 14.4 GWh
Cost/benefit ratio = 1,48
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All the Tenaru alternatives require headrace tunnels of varying
length. It is very difficult to predict the cost of such tunnels
without knowledge of the geological conditions and properties of
the rock encountered. The cost estimates represent typical costs
for a small-section tunnel (6 m2) in medium poor quality rock with
reinforced shotcrete lining and occasional concrete lining in .
parts with very poor rock stability.

It is very difficult to obtain access to the two dam sites, and
neither one has been visited, although all power station sites
were inspected. It must therefore be recognised that cost
estimates are only accurate within about + 40% and - 20%.
Similarly the power production estimates are also unreliable
because of the total lack of runoff data. It is therefore
dangerous to conclude anything on the feasibility of the Tenaru

project alternatives. Preliminarily analyses indicate that they
are not economic, although favourable geological conditions and
favourable hydrological data could easily reverse this conclusion,
- as would a relative increase in diesel prices. Nevertheless, the
Tenaru is the only river near Honiara on the north of Guadalcanal
with interesting hydropower potential, with the exception of the
Lungga River described in the next chapter.
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TABLE H.14 - TENARU 81 <~ COST RSTINATES

Civil Works atilion SIS
Land clearance : 0.03
Access voads (7 km) 9.30
Diversion weir 0.135
Intake 0.10
Desilting basin -
. Beadracs tunnel (1.2 ka § m2 section) 2.40
Bead pond and desilting basin 0.60
Penstock (4350 m, 800 dia) 0.50
Power house 0.60
Tailrace 0.10
* g8ite establishment, preliminaries 0.72
Sub-total ' 5.52
Contingencies (208) 1l.10
Electromechanical &
Gensrating equipment (2x1.2 W¥ Prancis) 1.40
Transformers, switchgear 0.12
Transmission line (9 km, 33 kV) -0.23
Sub-total 1.78
Contingencies (13%) 0.26
Land aquisition and compensation 1.00
Engineering and administration 1.70
TOTAL INVESTMENT COST 11.33
Annual energy production = 8.0 Gi¥h
Cost/benefit ratio = 1.66
TABLE H.1S - TENARU B2 =~ COST ESTIMATES
Civil Works million SIS
Land clearance 0.05
Access roads and bridge (6 km) 0.40
Diversion weir 0.15
Intake 0.10
Desilting basin -
Headrace tunnel (1.5 km, A = 6 m2) 3.00
Head pond 0.50
Penstock (250 m, 800 dia) 0.30
Power house 0.60
Tailrace 0.05
Site establishment, preliminaries 0.75
Sub~-total $.90
, Contingencies (20%) 1.18
Electromechanical Equipment
Gensrating equipment (2x1.5 MW FPrancis) 1.80
- Transformers, switchgear 0.12
Transaission line (11 xm, 33 kV) 0.28
Sub-total 2.20
Contingencies (15%) 0.33
Land aquisition and compensation 0.49
Engineering and adminigstration 1.80
TOTAL INVESTMENT COST 11.9%0

Annual energy production = 7.5 GWh
‘Cest/benafit ratio - 1,87
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Other rivers

The Kohove River to the west of Honiara has a steep fall, but the
flow at the lower level is known to dissappear regularly and be
dry for several months during the dry season. It does not
necessarily follow that the flow at a higher level dam site is
equaly unreliable, but the chances are very slim that any viable
hydropower project can be found in such conditions.

The Tina and Tinahula rivers to the east of Honiara have more
reliable flows, but there is no concentrated fall shown on
existing maps, and the valley sides are steep and unsuitable for
canal construction. Headrace tunnels would have to run parallel
to the rivers, a rather unfavouraﬁle direction for good rock
stability, and the rock types found in the area are rather loose
and somewhat unstable for tunnel construction. Several project
configurations were investigated but none gives a cost/benefit
ratio of less than 2.0. It is concluded that these rivers need
not be investigated further for the time being as a source of
hydropower potential.
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TABLE H.16 - KOMARINDI PROJECT - KEY DATA

* Catchment area, Komarindi dam = 137 km2
Estimated annual runnoff = 2600 mm +
(c.f. Lungga bridge, 377 km2 - 2300 mm from reccrds)
- Mean discharge = 11.3 m3/s (356 million m3 p.a.)
99% guaranteed discharge = 3.6 m3/s
Design flood = 2000 m3/s (estimated 1000 year return period)

Probable maximum flood = 3800 m3/s (160 mm runoff per hour)

Dam crest level (HRWL) = 220.0 m
Design flood level (HFWL) =227.0 m
Normal tailwater level {NTWL) = 142.0 m
Tailwater in 1000 year flooé (HTWL) = 147.0 m
Gross head = 78.0 m,
Total head losses = 0.04 q t
Turbine discharge (qt) 3IMW - 4.6 m3/s
6MW - 9.2 m3/s
IMW - 14.0 m3/s
Annual energy potential 3MW - 26.0 GWh
oMW - 43.5 GWh
9MW - 52.0 GRh

Recommended phasing:

Phase A - 2 x 3 MW Horizontal Francis (1991)
Phase B - 1 x 3 MW Horizontal Francis (2002)

Firm capacity (99% guaranteed) = 2.4 MW
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H 3.5 Komarindi Project (Lungga River)

The most suitable project for Honiara is located on the Komarindi
River {(a tributary of the Lungga River) some 20 km upstream of the
Lungga gorge damsite. Just upstream of the Ohe River tributary
the river forms a gradual bend with a fall of about 75 m. The
Komarindi project short-cuts this bend with a 2 km long tunnel,
thus producing 52 million kWh p.a. with 3 x 3 MW Francis turbines
installed.

Komarindi is a run-of-the-river project which can guarantee 2.4 MW

output even during the dry season. Only 2 x 3 MW units are to be '

installed initially but there is room for a third 3 MW unit when
demand increases. The total output will then be 52 million kWh
p.a. with ap, »priate thermal back-up units to run during dry flow
periods. This project alone will fulfill the hydropower
requirements for Guadalcanal well into the next centruy.

The essential difference between this and the Lungga project is
that Komarindi is a run-of-the-river project utilising a natural
head. Thus the excessive dam costs of Lungga are avoided and the
total project cost is much less (27 - 30 million SI$). The
benefit from savings in fuel for the diesel and dendro plants is
approximately the same as for Lungga; because the same demand is
met by both projects. The only difference between Komarindi and
Lungga is the lack of reservoir storage which means that power
from Komarindi is mainly available in the wet season and the
dendro and diesel units must run more often in the dry season.

There are many alternative layouts for the Komarindi project, and
only a full feasibility study with detailed geological and
topographical mapping will determine the best layout. Two
alternatives are presented here as shown on Pigures F.6 and F.7.
The first involves a short tunnel going over to a contour headrace
canal, surface penstock and power station, and is referred to as
the surface alternative (Pigures F.6 and F.ll). The second is an
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underground power station and tunnel system and would be adopted
in the event of unfavourable surface topography for canal
construction (Figures F.7 and F.12). Both alternatives have
advantages and disadvantages, and a preliminary cost comparison
indicates very little difference between the two alternatives
assuming medium poor rock conditions for tunnelling. Various other
layouts are also possible, but they differ little in overall cost
and are therefore not shown or described in this report.

Both alternatives have the same damsite and tailrace, (see
Photographs 1 and 2) utilising a natural head of 75 m (+/- 5 m
measured by altimeter). A concrete gravity overflow dam will be
required about 10 m high to provide a small degree of storage for
daily flow regulation. A useable reservoir storage of 90,500 m3
would enable 8 hours running at 6 MW followed by 16 hours at 3 MW,
which corresponds to the typical weekday load variation pattern
(see Figure F.2).

. The dam will incorporate a large scour gate (about 4 m2 is
suitable) positioned immediately below the tunnel intake in order
to ensurz that the intake remains free from sediment. Elsewhere
the small reservoir can silt up without adversely affecting the
operation of the power plant.

For the underground alternat.ve the headrace comprises of a
pressure tunnel leading down to an underground power house and a
horizontal tailrace tunnel out to the river. This has the
advantage of having all construction work underground and is less
susceptible to damage from landslides, flocoding and earthquakes.

The prevailing rock conditions will determine the best layout and
the cost of this alternative, and a preliminary evaluation from
aerial photographs indicates that the tunnel alignment is
favourable and no unsurmountable problems are anticipated (see
Figures F.9 and F.10). It is assumed that medium poor rock
conditions are encountered and that the pressure headrace tunnel
will require a full concrete lining. The tailrace tunnel will
probably not need such a lining to prevent leakage, and reinforced
snoctcrete is likely to be sufficient to provide support and
protection from erosion of soft rock types.
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No heudrace surge chamber is required with the proposed pressure
tunnel since a flywheel and heavy generator will be sufficient to
provide the required operation stability. A tailrace surge
chamber may be required and can be constructed at little cost.

A 400 m long access tunnel also containing the 33 kV cables will
lead up to the Ohe River where the 20 km access road and .
transmission lines to Honiara begin, as shown on Figure F.8.

A pump drainage system with standby generator and pump will ensure
safety against flooding inside the power station at all times,
even if-the tailwater level is higher than the machine hall floor,
which might occur during an extreme flood.

This underground power station solution is well tried and tested
in many recent power plants in Norway, but is not yet well known
internationally. Considerable savings can be achieved over
surface alternatives if the geological conditions are well-papped
and the design is adapted to the prevailing rock conditions.
Because there are no design restraints due to surface topography
the designer has full flexibility to alter tunnel slopes and
alignment to obtain the optimum least - cost solution.

For the surface alternative the headrace takes the form of a near .
horizontal tunnel from behind the scour gate leading through the
ridge to a concrete-lined canal, a surge tank and penstock, as
shown on Figure F.6. The power station is sited in the open
(behind the helicopter in photograph 2) at a high enough level to
be safe from flood rises. This layout represents a conventional
solution, but necessitates good ground conditions for canal and
penstock constructions.

At a later stage the flow of the Ohe River can also be utilised by
constructing a diversion weir and canal or pipe leading into the
headrace canal, but the extra energy is not required until well
into the next century.
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TABLE H.17 - KOMARINDI SURFACE ALTERNATIVE - COST ESTIMATES

Civil Works

=
oo
[ d
-1
(%]
"~
“»

Land clearance

Access road (26 km)

Transfer tunnel {1=115C =, 10 m2 section

part concrete/shotcrete lined)

Komarindi dam (1=60 =, max ht 10 m)

Intake, scour and regulating facilities .

Headrace canal (1=900 m, 25 m2 section
concrete lined)

Desilting/Surge tank & penstock intake

Penstock (1 = 250 m, 1800 wm dia)

Pover station and tailrace

Site establishment, contractors preliminaries

) o . )
VOOV MO OWN

HPOON ON &Moo
.

Sub-total 15.0
Contingencies (20%) 3.0

Electromechanical equipment

Turbines* (2 x 3.2 MW horizontal Prancis) 1.4
Generators** (2 x 4 MVA, S00 r.p.m.) 1.6
Station ancilliary equipment, intake gate 0.6
Transformers 0.2
Transmission line (20 km, 33 kV) 0.7
Sub-total 4.5
Contingencies (15%) 0.7
Land acquisition and compensation 1.9
Engireering and administrasjon 3.6
TOTAL INVESTMENT COST 27.6

* including valve, governor and associated mechanical equipment
** including associated control equipment

TABLE H.18 - KOMARINDI UNDERGROUND ALTERNATIVE - COST ESTIMATES

Civil Works million SIS
Laad clearance 0.2
Access road (26 km) 1.3
Headrace tunnel (1=1200 m, 17 w2 section) 4.8

concrete lined
Tailrace tunnel (1=800 m 17 m2 section) 2.4

shotcrete lined
Access tunnel {1=400 m, 20 m2 section) 1
shotcrete lined
Komardindi dam (1=60 m, max ht 10 m) 2
concrete gravity overflow
Intake and scnur facilities 0
Concrete plug and penstock 0
Underground power house (roof span 10 m) 1
Site establishment, contractor preliminaries 2

Sub-total 16.1
Contingencies (20%) 3.2

Electromechanical equipment

Turbines * 2 x 3.2 Mv horisontal Prancis 1
Generators*® 2 x 4 MVA, 500 r.p.m. 1
station ancilliary equipment 0
Transformers 0
Transmission line (20 km, 33kV) 0

Sub-total 4.3
Contingencies (15%) 0.7

Land acquisition and compensation 1.0

Engineering and administration 3.8

TOTAL INVESTMENT COST 29.1

* inoluding valve, governor and associated mechanical equipment
** including associated control equipment
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The additional energy would be about 8 GWh p.a. increasing the
project output to 60 GWh p.a., but it is impossible to estimate
the cost of the Ohe dam and headrace since the Ohe site has not
been visited yet and the river bed lievel is not known.

The two alternatives have been costed using a conservative or
pessimistic approach at this early stage of study. Both
alternatives presented and other variations in layout cost between
27 and 30 million SI$ at 1986 prices for two 3 MW units. A
further 3 MW unit could be installed to increase the average
annual production to 52 million kWh, at a cost of an additional 3
million SI$, but this will not be required until the next century.

Environmentally the project is acceptable. A 5 - 6 km reach of
the Komarindi river will be completely dry for much of the dry
season, but there are no people living nearby in the dense jungle.
The reservoir area is small(about 100,000 m2) and extends only a
few metres up each river bank, causing no damage and submerging
very little land. The use of tunnels avoids loss of land to
surface structures and is much safer from thé effects of cyclones,
earthquakes, falling trees and landslides.

Project Analysis

The combination of Komarindi with the existing diesel and the
future dendro station is a very economic way of fulfilling the
Honiara system demand in the near future. In wet weather the
Komarindi project will supply 3 - 6 MW depending on river flow,
The dendro plant can operate at periods of high demand and during
dry flow periods, with diesel on standby or used during occasional
sudden peaks. The more expensive fuel resources for the dendro
plant car be saved, and it may not be necessary to develop
extensive plantations in order to guarantee all-year supplies to
the dendro plants. Diesel consumption will drop to near zero and
will only become significant around the year 2004, as shown in
Table H.19.




+ Energy

Energy Demand Supply (GWh) Savings (GWh) Benefits (mill.SIS)

(GWh) Hydro Dendro  Diesel Dendro Diesel Dendro Diesel Sum
1991 32.7 31.0 1.7 - 0 l16.3 14.7 0.90 1.56 2.46
92 34.7 ' 32.8 1.9 0 16.1 16.7 0.89 1.78 2.67
93 36.7 34.5 2.2 0 15.8 18.7 0.87 1.99 2.86
94 38.9 36.2 2.7 0 15.3 20.9 : 0.84 2.22 3.06
95 41.3 38.0 3.3 0 14.7 23.3 0.81 2.48 3.29
96 43.8 39.5 4.3 0 13.7 25.8 0.75 2.75 3.50
97 46.4 40.7 5.7 0 12.3 28.4 0.68 3.02 3.7Q
98 49.2 42.0 7.2 0 10.8 31.2 0.59 3.32 3.91
99 52.1 43.0 9.1 0 8.9 34.1 0.49 3.63 4.12
2000 55.2 43.0Q 12.2 0 5.8 37.2 0.32 3.96 4.28
. Ql 58.5 43.Q 15.5 0 2.5 40.5 1 0.14 4.31 4.45
o Q2 62.0 49.0 * 13.0 0 5.0 44.0 0.27 4.68  4.95
! 03 65.7 49.8 15.9 0 2.1 47.7 0.12 5.08 5.20
04 69.7 50.6 18.0 1.1 0 50.6 0 5.38 5.38
05 73.9 51.3 18.~ 5.6 0 51.3 0 5.46 5.46
06 78.3 52.0 18.9 8.3 0 52.0 . 0 5.53 5.53
07 83.0 52.0 18.0 13.0 0 52.0 0 5.53 5.53

2 3rd hydro unit commissioned
+ without hydro assumes 18 GWh dendro and remainder diesel

TABLE H.l19 - Komarindi hydropower project option - Calculation of energy benefit




-73 -

The Komarindi project is analysed by a standard economic
cost/benefit technique where the benefits are equivalent to the
avoided cost of diesel generation expansion if Komarindi is not
constructed. This latter alternative is known as the “diesel
option” and is set out in Table H.5. The system annual energy
demand is assumed to be met by 18 GWh irom the dendro plant and
the remainder met by diesel plant (14.7 GWh in 1991 rising to 37.2
GWh in the year 2000).

For the Komarindi option it is still necessary to install new
diesel units to meet the system capacity except for 2.4 MW which
is the guaranteed capacity from Komarindi during the lowest river
flow. The capacity benefit is therefore the avoided cost of 2.4
MW of diesel capacity or 2.76 million SI$ in 1990.

The energy benefits are much larger and more difficult to
calculate. This has been done by a graphical method used for
mixed hydro/thermal systems where the area under the capacity
duration curve (Figure F.13) of the hydro plant is integrated and
compared with the load duration curve predicted for various years
in the future.

The results are presented in Table H.l19 where the contribution
from hydro, dendro and diesel to the 3ystem energy demand is shown
for an average hydrological year. As can be seen the diesel plant
is not required until about 2004 and can remain on standby. The
dendro contribution is also small but increases to its full
potential of 18 GWh iIn 2004. The hydro contribution is by far the
largest and increases to the Phase 1 potential of 43 GWh in 1999.
By 2002 it is economic to instail the third 4 MW Komarindi unit
and this increases the hydro contribution again until the full
potential of 52 GWh is utilised in 2006.

L2
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By subtracting these dendro and diesel columns from the diesel
option equivalents (18 GWh dendro and the remainder diesel) the
savings in energy production from the dendro and diesel plants can
be calcultated, as presented in the next 2 columns in Table H.19.
These are then converted to monetary terms by multiplying by the
respective energy costs of 5.5 cents/kWh for dendro generation and
10.64 cents/kWh for diesel generation. The sum of these two
components gives the total energy benefit of the Komarindi
hydropower project.

The capacity benefit in the year 1990 is added and this forms the
total benefit stream set up in Table H.20. The Komarindi cost
stream is also set up by dispersing the design and construction
costs from Table H.17 during the construction period 1987 - 1990,
and thereafter allowing 2% p.a. for operation and maintenance.

In addition the third unit cost of 3 million $§ is added in 2001,
the operation and maintenance cost increases accordingly and the
first two hydro units require replacement in the year 2020.

The cost and benefit streams are now complete in 1986 real cost
terms, and by discounting these figures at the appropriate
 discount rate and comparing net present costs and benefits (NPC
_ and NPB) a value for the cost/benefit ratio is obtained. At 10%
discount this is 0.84 and at 12% discount this is 1.01 (the
equalising discount rate) as shown in Tables H.20 and H.21
respectively.
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KOHARINDI NTPAGPOUER PROJECT. Selesen )s.
COST - GENEFIT AMALYSIS (aill.SISs 1784 srice level) Biscnnt rate ¢ 10.0 3

I YEAR ' BISCAMUNT Cests DENEFITS 1 1984 PV 16 PV ]
' 1 FaCTOR 1 CesTS MEOEFITS |
1 184 ¢ 1.0 .00 .00 1 .00 .00 1
I 1787 1 .. 1.800 0.5 ] [ 13 .00 ]
1 190 .82 2.40 [N ] ] 2.13 .08 ]
T o179 @ e.73 12.00 .00 ] .02 .00 ]
I 1% ) .48 12.00 2.7% ' .20 1.89 1
1 1 0.82 .33 2.84 ] (1] .33 ]
1 1992 ) 0.3 .33 2.47 ] [ 2% 11 1.32 1
1193 e.351 9.33 2.86 ] *2N 1.427 ]
) 1A 0.47 .33 3.0 ! .28 1.43 t
[ S 4 ~ T | 0.42 .33 3.2¢ ' .23 t.40 ]
1 199 .39 .33 3.30 ! 9.21 1.33 ]
Vo197 9.33 .33 3.70 ] e.17 1.38 1
1 te98 | [ 2%+ .33 3.1 1 e.18 1.23 ]
1 199 .29 .38 .12 ] .14 1.19 ]
1 2000 1§ .26 .53 4.28 ] 0.2¢ 1.13 ]
1 2001 1 0.24 3.33 4.43 ] .03 .87 1
1 2002 1 .22 .41 4.93 1 .13 .08 |
I 2003 1§ 0.2¢ e.é1 3.20 ] .12 .03 ]
1 2008 .18 0.41 3.38 ] [ 2333 .97 ]
1 2083 0.14 ¢.461 3.4 ] e.10 .92 1
1 2006 0.13 0. 61 3.53 [ .00 .02 1
P 2007 e.14 [ ¥} 5.3 1 .08 .73 ]
2008 1 .12 0.41 3.33 1 .97 .48 !
1 2007 0.11 [ ¥ 1) 3.33 ] .07 0.62 ]
1 2019 & .10 0.41 .29 ] .08 .04 ]
) 2018 3 9.00 .41 3.53 ] .06 $.31 !
2012 .00 0.41 3.3 ] 9.05 0.4% ]
1 2013 11 .08 9.461 3.53 ] .03 .42 !
1 2014 .07 9.61 3.3 ) 0.04 .38 !
I 2013 1 0.06 9.461 3.33 t 9.04 .33 !
' 2014 1 0.06 0.41 - 3.33 ] .03 .32 1
1 2017 .03 .61 3.33 ' ¢.03 .29 ]
1 2018 1 .05 0.41 3.53 ] 9.03 0.2 J
(< 2% BN | .04 4. 61 3.53 ] .03 8.24 ]
1 2020 .04 S.41 35.33 ] 0.22 0.22 [
2021 enusrds rrasinger 0.24 2.54
WC s 25.08 003 s 29.78
Cost/benefit ratin = 0.84
TABLE H.21

KONARINDS NYDROPOVER PRUJELT: Snlomon Is.
COST - DENEFIT ANALYSIS (eill.S)8¢ 1986 rrice level) Biscount rale = 12.0 %

I YEAMR | DISCOUNY COSTS BENEFITS 4 1986 vV 1986 PV ]
] 1 FacTOR I asTsS RENFFUIS )
I 1984 ) 1.00 9.00 0.00 ] 9.00 0.00 ]
I 1947 | 0.89 1.00 0.00 ! 0.8 0.00 ]
I 1988 1 0.80 .40 0.00 ' 2.07 6.00 ]
I 1999 ) e.7t 12.00 0.00 ] 9.34 0.00 1
1 1990 0.64 17.00 2.76 ! 7.463 .73 J
1 1991 ) 0.97 0.355 2.46 ! 0.31 1.40 ]
1 1992 ) ¢.51 9.33 2.47 ] 9.28 1.38 1
1 1993 0,43 0.53 2,86 [} 0.2% 1.29 {
I 1194 1 9.490 9.33 3.08 ] 0.22 1.24 [}
P §9935 ) 0.36 0.53% 3,29 ] 0.20 t.19 ]
I 3998 } 9,32 .58 1.50 ¥ 2,18 1.13 1
1 1997 ) 0.29 0.33 3.70 ] 0.16 1,04 !
1 1998 | 9.26 w,53 3.7 ] 9.14 1.00 [}
1 199 1 0.23 6.33 4.12 ] 0.13 0.94 ]
1 2000 1 9,20 9.353% 4,28 ! 0.18 n.00 §
1 2001 ) 0.18 3.33 4.43 ] 0.43 0.0 ]
1 2002 1 0.1 9.463 4.3 ] 0.10 0.0 '
1 2003 ) 0.13 0.1 $.20 ] .09 0.76 ]
I 2004 1 0.13 0.63 .38 ) 9,08 0,70 ]
| 2005 1 0.12 0.4 S.46 ] 0,07 0.43 L
1 2006 1 9,30 0.61 .83 ' 0.6 9.37 ]
1 2007 1 0,09 0.61 $.53 J 0.04 0.51 ]
| 2008 1 9,08 0.61 5.%3 ] 0,03 0.46 ]
| 2000 ) 0.07 0.61 $.33 ] 0.0% .4 ]
1 2010 1 0,07 0.61 ", 29 L 9,04 0.53% ]
P 2088 1 0.06 0,61 $.33 ] 0,04 0.33 )
1 2012 9,08 a.41 5.353 ' 9.03 0.29 '
1 2013 ) 0,08 0.41 $.53 ] 0,03 8,26 ]
I 2014 |} 0.04 9.61 3.53 ] 9.03 0.23 ]
1 2045 1 0.04 0.61 $.53 ) 0.02 0.2 ]
1 2014 1} 0.03 9.4 .93 I 9,02 0.18 ]
1 2017 ) 0,03 0,61 .33 ] 0.02 0.16 |
1 2018 ) 0,03 9,41 5.53 [} 9.02 0.13 )
1 2059 ) 0,02 0.1 5,93 ] 0.01 0.13 ]
1 202 0.02 3.61 %.83 ] 9.12 0,12 ]
2021 onwirds ramaindor 0,11 0,78

NPC s 27,79 HPR . 22.48
Cott/Denefit rotio #» 1,01
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Conclusion

The Komarindi project shows a cost-benefit ratio of 0.84 at 10%

discount compared with a continued diesel expansion programme.

This is equivalent to a 12% internal rate of return, and indicates

the project to be viable even at the present low level of demand.

. If the dendro piant is for some reason cancelled, or if the demand
growth is more rapid than predicted, or if Gold Ridge mine is
developed, the Komarindi project becomes more economic, and would
be more urgently needed.

It is concluded that a feasibility study of the Komarindi
hydropower project is urgently required, and this should be
carried out in 1987 to enable commissioning early in 1991. 1In
preparation for the feasibility study, it is recommended that the
Solomon Islands Government take the following action as soon as
possible:

1. On the basis of the plans in this pre-feasibility
report, negotiate with custom landowners for the right
to access and free passage for surveyors, drillers,
engineers etc. at least for a 2-year study and design
period.

2, Cut a bush track from the nearest road access and
install 2 river gauging stations, one on the Komariﬁdi
River and one on the Ohe River as near the relative dam
sites as possible. Reinstate the river gauging stations
at Lungga gorge and Lungga bridge to enable correlations
to be made with these stations.

3. Design an access road alignment and obtain clearance
from landowners in readiness to commence construction.
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Set up ground control points and commence mapping of the
site at 1:10,000 scale with 5 m contour intervals. If
exact mapping proves to be too.costly because of
practical difficulties, an approximate map should be
constructed using the existing aerial photographs. This
map will enable the consultants to start immediately
with preliminary design rather than carrying out this
mapping themselves. More detailed mapping of local
areas will be required during the feasibility study
itself.

Negotiate with donors for funding a feasibility study to
commence in early 1987. Only consultants who have
up-to-date experience with tunnelling and underground
power stations should be selected, because rock
conditions are likely to be critical to the design, and
good rock engineering is critical to the cost.
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H 4 - Conclusions and Recommendations

The Honiara system demand is likely to grow at about 6% p.a. in
the foreseeahle future. It is necessary to plan for installation
of additional generating capacity after the commissioning of the 3
MW dendro thermal plant in 1990 because several of the existing
diesel units are due for retirement soort. The alternatives are
diesel, dendro and hydro because other types of generating plants
were not found to be competitive by the ADB (reference 1).

Because of uncertainties about the fuel resources for additional
dendro thermal plants after the initial 3 MW, this alternative has
been discounted and analysis of hydro power plants has been
compared with a sequence of new diesel units to be installed as
and when required.

Several alternative hydropower projects have been proposed
utilising the Mataniko, Tenaru, Lungga and Komarindi Rivers. The
most economic of these is the Komarindi River, a tributary of the
Lungga. Only this project has a clearly positive economic benefit
compared with the diesel option although one of the Tenaru
projects might become marginally economic after further design and
optimisation work.

There are many practical problems with design and construction of
hydropower plants on Guadalcanal, and earlier over-optimistic cost
estimates and time frames must be revised to represent the
realities of the present situation. The key factors are:

1. Land ownership and compensation. All hydropower development
lies on custom lands, and it will be necessary to negotiate
with land owners for access to carry out studies and
investigations and later to negotiate compensation payments
when the project is constructed. These compensation payments
must reflect the real value of damage and loss of land, and
hard negotiations will be necessary.
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Access. The acca2ss into most of the sites is at present
limited to wading up river during low flows or helicopter. It
will be necessary to cut bush paths for access during the
feasibility study, and wider tracks or helicopter landing
places to bring in drilling equipment for site
investigations. All this work will also involve negotiations
with custom landowners.

Geological conditions. The geology of Guadalcanal is very
complex and variable, and the rock types are generally
unsuitable for hydropower projects. Limestone is frequent
and leakage paths are common. Other rock types are soft and
erodible and landslides are frequent. 1In addition,
Guadalcanal is prone to earthquakes which can also result in
severe landslides.

Topography. Most rivers cut deep gorges with vertical or
unstable rock faces on both sides. The type of projects
which involve a headrace canal or penstock are very difficult
to locate in the steep terrain and the risk of damage from
landslides or falling trees is high.

Lack of runoff data and general unreliability of low flow
discharge in most rivers. Only the Lungga catchment has
sufficient data for detailed study and design work. Projects
on any other river will require at least 1 year of good data
before studies can be carried out.

For these reasons it is necessary to adopt a conservative approach

to estimating project costs and plan with room for delays during

planning and construction work.
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TABLE P.l - Auki system: monthly generation (figures in MWh)

‘ 1984 1985 1986

Jan. 67 57 61
. Feb. 64 57 66

Mar. 66 56 72

" Apr. 63 72

May 64 49

Jun. 59 73

Jul. 53 45

Aug. 74 42

Sep. 52 65

Oct. 64 44

Nov. 60 53

Dec. 57 - 50

ANNUAL 743 663 (800) estimated

Estimated—Annual Growth

Peak (kW) Energy Comments
1983 127 670
1984 - 131 690 Actual 743
1985 138 725 Actual 663 (outages)
1986 145 761 T Estimate 800 MWwh, 148 kW
1987 152 799
1988 160 839
1989 168 881
1990 176 925
1995 225 1180 Prediction by ADB
> (ref. 1)
: 2000 287 1506 for extended supply
area - 5% p.a.
- 2005 366 1922
2010 467 2453
2015 596 3130

2020 761 3996
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Pl - AUKI

The Present Auki System

Although connection was previously limited to a designated central
area of Auvki, such limitations are now lifted so that new
consumers can be connected anywhere within reasonable distance of
the existing 3.3 kV network, which extends from the Kiluufi
Hospital in the north to Abu in the south.

The monthly generation fiqgures are given in Table P.l and although
a temporary fall in demand is visible in 1985, the 1986 figures
are very similar to the ADB predictions (reference 1}. The 1985
drop might be explained by constraints and outages prior to the
new 190 kW unit being commissioned.

The present diesel station contains 2 No. 160 kW units from 1936
and 1952 respectively, one of which was undergoing a major
overhaul on the day of the visit. A new 190 kW (238 kVA) unit was
installed in 1985, apparently on semi-permanent loan. This unit
must remain at Auki until commissioning of the first hydro project
if power rationing is to be avoided.

Diesel is delivered in barrels with consequent storage and
handling problems including leakage and time consuming hand-
pumping. This accounts for relatively high fuel consumption and
expensive operation and maintanance costs. Eleven men are
employed full-time at Auki, and some additional staff have been
brought in from Honiaia for major repair work.

The system operates 24 hours a day and the shape of the typical
load curves is given in Figure F.14 (from reference 1). Their
shape is still typical for 1986, with maximum daily peaks between
100 kW and 150 kW and a 1lcad factor of about 0.6. The maximum
peak recorded in April 1986 was 148 kW.
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Neither of the old units is capable of 148 kW output alone,
because of the poor power factor of the system (0.5 - 0.8), and
the load will soon reach the capacity of the new 238 kVA unit.

The size of hydropower project which would be suitable for Auki is
therefore 100 - 300 kW, matching the expected demand towards the
next century. Investment cost should not exceed 2 million SI$ if
the hydro project is to be more economic than continued diesel
operation. There is an urgent reed for new generation units at
Auki, and if a hydro project is not forthcoming immediately new
diesel units will be required.

As the Auki system grows, there will become a pressing need to
upgrade the transmission system to 11 kV. This aspect should be

reviewed in connection with any future hydropower plant.

Kwaibala River

The Kwaibala River flows to the south east of Auki, and is of the
right size for mini hydro development of up to 200 kW. Two
potential projects have been identified as shown on Figure F.15.
The lower site has been surveyed, but the suitability of the upper
site did not become apparent until after field work was completed.
The upper site should also be surveyed as part of the further
work.

Lower Kwaibala Project - Description

The lower project is located 2 km upstream of the estuary at Auki.
The river takes a 180o bend and drops 11l m in a series of steps
formed by limestone ledges. The bend can be short-cut by forming
a headrace canal 100 m long around the contour to an intake and a
40 m long penstock leading to a power station containing a single
100 kW turbine. A further 1 - 2 m of fall could be utilised by
excavating a long tailrace in the limestone and carrying out some
minor rock excavation in the riverbed to lower the tailwater
level.
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The principle feature of the scheme is its simplicity and low cost
for civil works. Access is obtained by extending the existing
access road from the Auki pumping station 1 km along the Kwaibala
valley in relatively flat terrain and constructing a simple ford
at the power station site. The transmission line is only 1.5 km
to the existing diesel power station and could therefore be
completed by an extension of the existing 3.3 kV system or
upgraded to 11 kV, whichever SIEA prefers. Civil works are
straightforward and have a high labour content, praticularly for
hand excavation of the headrace and tailrace canals in limestone.

The scheme is a suitable size for the present Auki demand of 800
MWh p.a. because the entire power potential of the hydro scheme
(400 MWh) will be consumed immediately after commissioning. The
plant will be a simple run-of-the-river type, generating maximum
energy from the available flow, while running in parallel with the
existing diesel units.

Civil Works

Civil works will include a concrete overflow weir 1.5 m high
anchored into the limestone rock in the river bed. A side intake
will lead into a small settling basin with scour outlet
conveniently placed in a natural depression in the rock just below
the weir.

The headrace canal will be excavated in limestone in relatively
flat terrain, following the contour around the hill on the inside
of the bend. A small intake will lead into a 750 mm diameter
penstock only 40 m long anc¢ sloping at 1:4,

The power house will depend on the type of turbine chosen, and for
a crossflow turbine could be similar to the power house at Maluu.
For other types of turbine which utilise the full head available,
a tailrace could be excavated in limestone some 100 m downstream
to utilise a further 1 m of fall in the river below the power
station.
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Tabie P.2 - Cost Estimates for the Lower Kwaibala
Mini-Hydro Project

Civil Works Thousand SIS
Land clearance (light bush, few trees) 5
Access road (1 km gravel/rock surface) ) 30
Concrete intake weir (1.5 m high, 20 m long) 50
Intake incl. stoplogs (max. 1.2 m3/s) 5
Desilting basin and sconr gate (200 m3 excavation) 5
Headrace (400 m3 excavation) 10
Penstock (750 mm dia., 40 m long) 20
Powerhouse and tailrace ' 30
Site establishment 25

Sub~total 180
Contingencies (20%) 36

Electromechanical eguipment

Turbine generator set (crossflow or S-type, 100 kW) 150

'Transformers - 10
Transmission line (1.5 km long, 3.3 kV) 20
Sub-total 180
Copéingencies (15%) 27
Land acquisition and compensation 20
Engineering and administration (15%) 67

510

LOWER KWAIBALA PROJECT INVESTMENT COST - SI$ 510,000
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With rock clearly visible at the dam site and power station site,
and good experience of hand excavation in similar limestone rock
at Maluu, the civil construction works are expected to be cheap
and simple. Assuming adequate supervision, the civil works
could be carried out by direct labour from Malzita, and the only
imported components would be the generating equipment and the 40 m
long penstock.

Generating Equipment

There are a variety of turbines available for this type of low
head project including S-type Kaplan and crossflow types, but
prices vary widely. It will probably be most cost-effective to
select a single turbine with a wide range of operating flows,
rather than two micro units. A single 100 kW turbine operating
over the most likely range of river flows (0.3 - 1.2 m3/s) has
been chosen for the purpose of analysis.

Crossflow units must be positioned above floodwater level and are
therefore not utilising the final 2 - 3 m of suction head. Their
efficiency is also at least 10% lower than other types. Kaplan
units would be very suitable but will be relatively expensive for
such a small size. An S-type or semi-regulated standardised
Kaplan unit may be a good compromise solution for this project.

Cost Estimates

It will be necessary to adopt low cost construction techniques for
such a small project to be economical. Simple solutions and
labour intensive techniques are envisaged, similar to those used
in the Maluu micro-hydro project. Cost estimating for the
generating equipment is very uncertain, and it is advisable to
obtain quotes from many manufacturers including different types of
turbines. The project capital cost is estimated from the
experience at Maluu to be 510,000 SI$ as shown in Table P.2.
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TABLE P.3

KUAIBALA HYDROFOWER PROJECT.
COST - BENEFIT ANALYSIS (mill.SI$» 1986 price level) [Riscount rate = 10.0 ¥

| YEAR | DISCOUNT COSTS BENEFITS | 1986 FV 1986 PV I
1 i FACTOR ! COSTS RENEFLTS |
I 1986 "1 1.00 0,00 0.00 ' 0.00 0.2 |
1 1987 0.91 40.00 0.00 [ 36.34 0.00 |
1 1988 | 0.83 479.00 23,00 I 388.43 1v.01 |
| 1989 1 0.75 10.00 67.00 [ 7.51 50.34 i
1 1990 | 0.48 19.00 47.00 1 5.83 25,76 |
I 1991 | 0.62 10.00 67.00 [ 6.21 41.60 [
11992 1 0.56 19.00 47,00 i 5.64 37.82 |
11993 | 0.51 10.00 67.00 ! 5.13 34.38 |
1 1994 | 0.47 19.00 47,00 ! 4,57 31,28 |
1 1995 | 0.42 10,00 67.09 I 4,24 28,41 !
I 1996 | 0.39 19.00 87.00 } 3.86 25,83 |
1 1997 1 0.35 10.00 §7.00° [ 3.50 23.48 |
I 1998 1 0.32 19,00 47,00 ) 3.19 21,35 |
I 1999 | 0.29 10,00 67.00 [ 2.90 15.41 ]
1 2000 0.26 19.00 67.00 ! 2,63 17.64 i
I 2001 | 0.24 10.00 67.00 [ 2.39 16.04 I
I 2002 | 0.22 19.00 67.00 [ 2.18 14.58 |
I 2003 | 0.20 10.00 90.00 [ 1.98 17.&1 I
I 2004 |} 0.18 19.00 67,00 I 1.80 12.05 [
I 2005 | 0.16 10.00 67.00 ] 1.64 10.94 |
I 2006 ) 0.15 19,00 47,00 i 1.49 9.95 I
I 2007 1 0.14 10.00 67.00 [ 1.39 9.05 |
I 2008 9,12 19,00 47,00 ! 1.23 8.23 I
I 2009 | 0.11 10.00 67.00 [ 1.12 7.48 |
I 2010 | 0.10 19,00 67,00 ! 1,02 6.80 [
I 2011 | 0.09 10.00 67.00 ! 0.92 6.18 |
I 2012 | 0.08 19,00 $7.00 | 0.84 5,62 i
1 2013 | 0.08 10,00 67.00 | 0.76 S.11 ]
I 2014 | 0,07 19,00 47.00 ! 0,69 4,45 [
i 2015 | 0.06 10.00 67,00 i 0.63 4.22 [
1 2014 | 0,06 10,00 47,00 | 0.57 3.84 |
1 2017 | 9,05 10.00 67.00 I 0.52 . 3.49 i
I 2013 | 0.05 217,00 99,00 [ 10,22 4.26 [
I 2019 | 0.04 10.00 67.00 [ 0,43 2.88 |
I 2020 | 0.04 10,00 67.00 | 0.39 2,62 ]
202t anwards remaindor ¢ 3.91 25.23

NPE = 517,24 WPk = 578,37
Cosi/benefil ratio = (.89
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Economic Analysis

The scheme will substitute fuel and operation costs for the
existing diesel power station at Auki, and to a small extent
provide firm capacity for the combined system. The average flow
at the dam site is estimated to be 0.9 m3/s from a catchment area
of 12 km2, and by installing a turbine to utilise up to 1.2 m3/s,
the average annual energy output is estimated at 400 MWh p.a. All
this output can be absorbed in the system, therefore the energy

. benefits are calculated at 400 MWh multiplied by 16.6 cents/kWh
(from Table H4) or 67,000 SIS per annum.

The Kwaibala River is reported to remain flowing even in extended
dry periods (although the nearby Fiu River is said to dry up
completely in dry years). The 95% guaranteed flow is therefore
estimated at 0.4 m3/s, providing 30 kW guaranteed capacity which
is the capacity benefit of the scheme, priced at 700 US$/kW

or 35,000 SIS.

Operation and maintenance costs for such micro-hydro schemes are
estimated at 2% of investment cost or 10,000 SIS p.a., which
covers 1 additional hydropower operator plus occasional repair
expenses. The hydropower equipment is assumed to require
replacement after 30 years whereas small diesel units need
replacing every 15 years.

A net present value cost-benefit analysis has been carried out by
setting up cost and benefit streams based on the above parameters
as in Table P.3. Discounting at 10% results in a cost/benefit
ratio of 0.89. The project is therefore marginally economic, and
would become more economic if fuel prices were higher than their
present relatively low levels.
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Upper Kwaibala Project

The upper reaches of the Kwaibala River appear to have a steep
fall, but river flow at this point is likely to be reduced
considerably. Analysing this project without topographical and
runoff data is pure speculation, but from 1:50,000 maps it appears
that about 60 m head could be obtained with a catchment area of
4.5 km2. The meand annual flow is estimated at 0.34 m3/s and
installation of a 200 kW turbine would produce approximately 700

MWh annually. Such a project would cost 0.8 - 1.0 million SI$ and.

would appear to be marginally economic with a cost/benefit ratio
of 0.8 - 1.0 at 10% discount, i.e. very similar to the Lower
Kwaibala project - only a little larger. The site is therefore
worthy of further investigation, and measurement of the available
head and penstock length, together with some stream gaugings in
dry weather would enable a better assessment of the project
potential to be made.

Fiu Project - Description

This project is located on the Fiu River, 2 km upstream of the
village of Namosalabe, 10 km east of Auki as shown on Figure F.15.
The catchment area at the dam site is 62 km2 ard the mean flow is
estimated at 4.7 m3/s. The scheme was first identified in 1984 by
the UNDTCD mission (reference 2), and was reported to utilise 60 m
head with a 1000 m long headrace pipe in a trench, and a 200 m
long penstock. The turbine discharge was 0.7 m3/s generating 300
kW.

An inspection of the site and conversations with the local people
revealed that the earlier presentation of the project was rather
optimistic and that construction of the 1000 m long headrace pipe
was practically impossible in the steep (near vertical) terrain.
Furthermore the Fiu River is reported to dry up completely in dry
years although a little flow is still reported at a level of about
90 m above sea level, The available head was also measured by
altimeter at 30 - 35 m instead of 60 m as presented in reference
2. The project was therefore totally redesigned and is presented
here according to less optimistic assumptions.
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A small-section tunnel of 6 m2 is proposed, 500 m long leading to
a 400 m long penstock of 800 mm diameter.

Assuming crossflow turbines with a net head of 28 m, a turbine
discharge of 2 m3/s would provide 380 kW, most suitably divided
into 2 x 190 kW crossflow units. The potential of this scheme is
nearly 3 GWh p.a. (or more if additional turbines are installed)
which is twice the energy demand expected for Auki in the year
2000. Since the river is known to dry up, it is unlikely that the
scheme can guarantee any firm capacity, and a full back-up of
diesel units must be maintained.

Civil Works

The major cost item will be the tunnel which should be constructed
as a least-cost working section (about 4 - 6 m2) perhaps even with
hand loading and mucking out. The limestone rock is variable in
quality and considerable rock support will be required probably in
the form of shotcrete to prevent weathering and scaling. The
tunnel cost is therefore expected to be at least of 700,000 SIS,
possibly more including rock support and shotcrete lining. If a
full concrete lining is required the cost will more than double
and the project will become uneconomic. The tunnel intake will be
placed about 1 m above normal river level in the vertical rock
face upstream of the dam. After completion of the tunnel the
water level in the river will be raised 2 m by a concrete
diversion weir. The foundation conditions for the weir are
uncertain because bedrock was not visible in the river bed. The
bedrock may also be porous because river water is observed to sink
into the ground at this point.

At the tunnel exit the tunnel will be widened and deepened to form
a desilting chamber fitted with a scour outlet and overflow
spillway. From the desilting chamber a 800 mm diameter penstock
will fall gradually over a length of 400 m to the power station.
The power station is sited in a flat area just upstream of a 90°
bend in the river, well protected from floods. A tailrace channel
will lead to the bend in the river.
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Table P.4 - Cost Estimates for the Piu Hydropower Project

Civil Works Thousand SI$

Land clearance

Access road (3 km long)

Concrete overflow weir (3 m high, 40 m long)

Intake with tailrace and stoplogs

Tunnel (6 m2 section, 500 m long, reinforced
shotcrete lining)

Desilting basin and scour outlet

Penstock (400 m long, 800 mm diameter)

Powerhouse and tailrace (200 m long)

Sub-total
Contingencies (20%)
Electrical and Mechanical Equipment

Generating Equipment (2 x 190 kW Crossflow)
Transmission line (9 km, 11 kV overhead)
Transformers .

Sub-total
Contingencies (15%)

Land acquistion and compensation

Engineering and administration (15%)

40
90
150
20
700
50
200
150

1400

280
250
180
40

470

70

130

350

2700

FIU PROJECT INVESTMENT COST 2,700,000 SI$
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Access is achieved by upgrading the existing road to Alafe and
extending it with a new road 3 km to the site of the power
station. A 9 km long 1l kV transmission line will be required
back to Auki alongside the road.

Generating Equipment

The potential of the Fiu project is much greater than present
demand, and the unit size is therefore determined by the size of
the existing diesel units which must act as standby (190 kW and
160 kW). Two No 190 kW units are chosen for simplicity (although
room should be left for at least 2 more units allowing expansion
of the total capacity to more than 1 MW). The net head available
is 28 m and a crossflow turbinc of 1 m3/s capacity would provide
190 kW output.

Although other types of turbine are available, the important
factor with the Fiu project is low cost rather th  efficiency,
and crossflow turbines will probably be cheapest. A gearbox and
synchronous generator will be required, with a frequency governor
and full control equipment for both independent a: »arallel
operation with Auki diesel sets.

Cost Estimate

The tunnel cost is difficult to estimate witl t prior experience
of tunnelling in similar limestone rock. Experience of small
section tunnels in other countries indicates .hat small tunnels
can stand unsupported in very poor rock because of the narrow roof
span (approximately 2.5 m). Other costs are estimated from
international unit rates adjusted for the Solomon Islands and
budget quotations have been obtained for generating equipment.

The total project cost is estimated at 2.7 million SI$ (Table
P.4), but could be more if rock conditions are unfavourable for
tunnelling. The cost of chis project should therefore be seen as
a minimum cost, unlike other projects not involving tunnels where
costs are more predictable.
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TABLE P.5

FIU HYDROPOWER PROJECT,
COST - BENEFIT ANAL(SIS "(mill.S5I¢» 1986 rrice Jcvel) MRiscount rote = 10,0 X

t YEAR | DISCOUNT COSTS RENEFITS | 1986 PV 1988 PV i
1 . ! FACTOR ’ | COSTS " BENEFITS '
! 1986 |} 1.00 9.00 0,00 | 0.00 0.00 1
I 1987 | 0.91 100,00 0.00 I 90.91 0.00 |
! 1988 0.83 1309,00 0.00 1 1074.38 0.00 i
I 1989 | 0.7% 1300,00 0.00 i 976,71 0.00 I
I 1990 | 0.68 54,00 138.00 1 35,88 ?4.26 }
i 1991 | 0.62 54,00 145,00 | 33.53 90.03 t
1 1992 1 0.56 34,00 152,00 } 30.48 85.80 |
1 1993 0.51 54.00 160.00 i 27.71 82.11 |
1 1994 | 0.47 54,00 168.00 | 25,19 78,37 i
i 1995 | 0.42 54,00 176.00 | 22,90 . 74.64 }
I 1956 1} 0.39 34.00 185.00 i 20,82 71.33 I
I 1997 | 0.35 54.00 194.00 i 18.93 68,00 |
1 1998 1| 0.32 54.00 204,00 I 17.21 45.00 }
I 1999 1 0.29 54,00 214,00 ' 15.64 61.99 i
1 2000 | 0.26 54.00 225.00 § 14,22 99.25 |
1 2001 | 0.24 54.00 236.00 1 12,93 56.50 I
1 2002 0.22 54,00 248,00 i 11,75 33.97 |
i 2003 | 0.20 54,00 260,00 i 10.468 51.44 I
1 2004 | 0.18 54,00 273,00 1 .71 49,10 ]
1 2005 1 0.16 254,00 285,00 ! 41,53 46,460 !
1 20046 0,135 53.00 299,00 i 8,62 44,44 i
I 2007 ¢ 0.14 58.00 314,00 | 7.84 42.43 I
1 2008 1§ 0.12 38.00 339.00 I 7,13 40,54 ]
I 2009 | 0.11 58,00 347,00 f 6,48 38.7% |
1 2010 | 9.10 58.00 3865.00 i 5.89 37.06 |
i 2011 i 0.09 58,00 384.00 1 5.3 35,44 I
1 2012 I .08 98,90 403,00 § 4.87 33.81 i
I 2013 0.08 98,00 423.00 § 4.42 32.27 !
i 2014 | 0.07 58.00 444,00 I 4,02 30.79 |
1 2015 1 0.06 58,00 467,00 § 3.66 29.44 1
I 2016 | 0.06 58,00 490,00 ] 3,32 23,08 i
I 2017 |} 0.09 58,00 915.00 I 3,02 26,83 !
I 2018 | 0.05 58.00 741,00 1 2.73 25.62 |
I 2019 0.04 $98.00 568,00 i 23:7% 24,46 I
i 2020 0.04 93,00 394,00 | 2:,27 - 23,33 |
2021 onwards resainder 22,70 233.29

NPC £2610,20 HPB =1814.96
Cost/Benefil 12lioc = 1,44
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Economic Analysis

The Fiu hydropower project will supply nearly the entire demand in
Auki, but the existing 2 No 160 kW diesel units should be
maintained as standby for occasional hydro shutdown and dry
periods. The potential energy output with 2 x 190 kW installed is
about 3 GWh rising to 5 GWh where a total of 1 MW is installed.

The Fiu project will cover the entire demand at Auki for many
years to come except in dry flow periods. Energy benefits are
therefore calculated from the demand predictions (minus 5% for
hydro shutdowns) multiplied by the energy dependent diesel costs
of 16.6 cents/kWh. This works out at 138,000 SI$ p.a. in 1990
rising to 225,000 SI$ p.a. in the year 2000. Capacity benefits
are assumed to be zero.

Operation and maintenance costs are estimated at 2% p.a. of
investment cost or 54,000 SIS p.a., and a third 200 kW unit
costing 200,000 SI$ is needed in 2005, followed by replacement of
the first two units after 30 years (2019). The cost and benefit
streams are therefore set up as in Table P.5.

At 10% discount rate the cost-benefit ratio is 1.44, i.e. not
economically feasible. However, if the Fiu project is delayed
10 years while enrgy demand increases to about 1500 MWh p.a. it
becomes economically feasible. Alternatively, if a new consumer
causes demand to jump to 1500 MWh p.a. the project will become
feasible immediately. There is little liklihood of this
happening, and it is concluded that Fiu is a typical project for
development in the beginning of the next century.




Conclusions and Recommendations for the Auki System

There is considerable potential for hydropower development around
Auki, and the existing diesel system is in urgent need of new
generating plant. The hydropower development at Auki should
therefore be given top priority before Kira Kira, Buala, Manawai
or any other potential mini-hydro schemes.

Of the three potential hydro schemes examined for Auki, the lower
Kwaibala project (100 kW) is the best because it is easy to
develop rapidly. The Fiu project (380 kW) does not become
economic until demand has risen appreciably, and Piu will require
a much longer study and design period.

"The runoff properties of both rivers may differ considerably, and
in the case of Kwaibala the flow duration curve is critical in
determining the projects viability. It is therefore unwise to
decide finally which project to construct until satisfactory flow
data has been collected from both rivers. It is therefore of the
utmost urgency that flow measurement stations be established first
on the Kwaibala at the lower dam site, but also on the Fiu at the
tunnel intake site. A lot of information can be gained by
instaliing a simple staff gauge which is read manually twice a
day, and this should be started immediately at Kwaibala in order
to obtain records while the continuous recorder is being
installed.

If the lower Kwaibala site proves uneconomic because of
unfavourable flow data or too costly generating equipment, then
the upper Kwaibala site may be a good alternative. The upper site
should therefore be investigated as soon as possible and some dry
weather flow measurements taken.

The Piu project is likely to cost around 2.7 million 8I$ or more
to develop, i.e. five times the cost of Kwaibala, whereas the
immediate benefits are only double Kwaibala (8I$ 138,000 compared
with 67,000 8I$). Fiu is therefore entirely dependent on a
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rapidly expanding demand growth in Auki for its economic
viability. It is advisable to wait several years with the Fiu
_project to see if the demand growth predicted by ADB (Table P.1l)
actually materialises. In the meantime one of the Kwaibala
projects should be developed as soon as possible.

An important question to raise in this connection is what are the
productive uses of electricity in Auki and what are the real
social benefits of increased electricity consumption. Government

consumption is more than 50% of the total (compared with 30% in
Honiara) and it is likely to be more socio-economically effective
to encourage energy conservation rather than increased
consumption. A slow down in the predicted sales growth could
easily spell financial disaster for a comitted FPiu project where
annual interest and loan repayments are likely to be more than
double the annual benefits of the initial years. On the other hand
the Kwaibala projects would not be effected since there is already
a guaranteed market for their power potential,.

Furthermore the proposed small scale industry development at Auki
requires immediate prospects of reliable electricity supply at
reasonable cost before private enterprise can be attracted to the
gsite. The prospect of a costly Fiu hydropower project with a
prctracted construction time of 4 or more years is much less
attractive than the less costly Kwaibala mini-hydro project which
can be coomissioned 2 years earlier.

It is therefore recommended that efforts_ be concentrated on the
Kwaibala River. Although the Kwaibala project is marginal, there
are many inherent advantages in this project compared with the
Piu:

(1) Easy access ensures that Kwaibala will be commissioned
L or 2 years before the Fiu project could be, probably
1989. This represents a net saving of 67,000.00 SIS

for each year the commissioning date can be advanced.‘

(ii) Its simplicity means there is a relatively low risk of
unforeseen cost increases and/or construction delays.

S ey s
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(iii) The construction techniques to be used are labour
intensive and the local cost component is high.

(iv) It 'is well suited as a pilot project or demonstration
scheme because of easy access and simplicity of
construction and operation.

(v) The present demand is high enough to make full and
efficient use of the energy potential of the project,
whereas most other projects for isolated areas rely on
increasing demand growth for their economic
justification. (c.f. Fiu and Jejevo).

(vi) The environmental impact is minimal and the area of
land or river which must be acquired is smaller than
- most other projects. It is more probable that
compensation payncnts and land-ownership problems will
be least for the lower Kwaibala project. '

It is therefore recommended that the lower Kwaibala schemz be
studied to feasibility level, and if feasible, constructed without
delay. Allowing 1 year for flow data collection, feasibility study
and design followed by 6 months for fimancing, tendering and
contract negotiations and 1 year for construction, the project
could be commissioned early in 1989 before any further diesel
units are required.




TABLE P.6 - Forecast energy and maximum demand -~ Buala system

5% p.a. growth

10% p.a. growth

Year Energy (MWwh) Demand (kW) Energy (MWh) Demand (kW)
1984 61 20

1985 64 21

1986 67 22

1987 7 23

1988 74 24

1989 78 26 78 26
1990 82 27 86 28
1991 86 28 95 31
1992 90 30 104 34
1993 95 | 31 115 38
1994 99 33 127 42
1995 104 34 140 46
1996 109 36 154 51
1997 115 38 169 56
1998 121 40 186 62
1999 127 42 205 68
200G 133 44 225 75

(frcm reference 1)
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P 2 - BUALA

Jejevo Hydropower Project

A 415 V electricity supply system was commissioned in Buala in
1984, powered by two 28 kW diesel generating sets. Only the
centres of Buala and Jejevo are supplied at present. The
potential for new consumers is reasonable with plans for a copra
marketing centre, a bank, a hardware store and co-op warehouse on
a planned development site at Jejevo. The government plans to
build 4 - 6 new permanent houses a year. There are several large
villages near Buala, but most houses are leaf houses of
non-permanent consctruction. Before connections can be made to
such houses, different standards of distribution and house wiring
will have to be agreed on.

Present peak demand is estimated at 22 kW with salies of 67 MWh per
annum, and this is expected to double by the year 2000 (see
Table P.6).

Buala is ideally situated for supply from a micro- or mini-hydro
project. There are several streams nearby with rapid falls,
providing potential for high head projects at relatively low cost.
The annual rainfall is relatively high (4200 mm) and evenly
distributed throughout the year. The best streams are the Jejevo
and Kerasaba which appear to have all year flow in reasonable
quantities. In fact, there is a large potential for hydropower
development near Buala; several schemes of more than 1 MW capacity
on the Poporo and Manito river would be economic if the demand was
sufficient.

An analysis of the benefit from replacing diesel generation
indicates that a hydro scheme costing less than 300,000 SI$ will
be necessary to have any economic advantage over diesel generation
at current prices for diesel. Consequently the search for hydro
alternatives has concentrated on simple low-cost mini-hydro
projects near to the centres of Buala and Jejevo. Earlier studies
on the Poporo River (reference 6) result in schemes which are too
large and too costly for the present demand.

o
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The most suitablé scheme is on the Jejevo River, which appears to
have a reliable flow of 30 1/s at 200 m above sea level. The

Jejevo project was first identified in 1982 and a preliminary

design was carried out by consultants from New Zealand (reference 8).

The intake is from a pool at a level of about 200 m above sea
level, and although there are steep waterfalls above this level it
will not be necessary to place the intake higher up. Access is
very difficult to the top of the falls and a good intake site will
be difficult to find, and the resulting penstock too costly.

A short canal and settling basin are proposed, but would have tc
be constructed of wood with a correspondingly short lifetime.
Alternatively it might be possible to make use of the pool itself
as a settling basin. It is stones and gravel which will present
the largest sediment problems and sand and silt load is expected
to be relatively light. A submerged stream bed intake would be
suitable for this stream.

The penstock will be about 250-300 mm in diameter, and is to be
built in relatively easy terrain on the east bank, with a mean
slope of 1:4. The length has been gquoted at 842 m in reference 8,
but efforts should be made to shorten this to reduce costs.

The power station is sited at about 20 m above sea level on the
east bank, high enough to be safe from flooding (3 m above river
level). The site chosen is behind the village at the foot of the
slope and is only 200 m from a branch of the existing 415 V aupply
line.

Because the power station is so near the demand centre and the
existing diesel station, it should be possible to supply directly
at 415 v, thus avoiding transformers and high voltage trans-
mission, at least for a time until the supply system needs to be
extended along the coast.
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Table P.7 - Cost estimates for Jejevo Mini-Hydro Project

Civil Works Thousand SI$
Acc=2ss and preliminaries 5
Intake 4
Settling chamber 4
Steel penstock 206
Power house 11
Sub-total - 230
Contingenéies (20%) 46
Equipment
Turbine, generator, valve, governor 80
Freight, Honiara - Buala + commisioning 10
Control box 5
Cabels, earthing + power house services 10
Power lines (200 m at 415 V) 5
Sub-total 110
Contingencies (15%) 16
Land acgquisition/compensation 25
Engineering and administration {(15%) 63

TOTAL INVESTMENT COST 490.000 SIS
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The gross head available is 176 m, and a single jet Pelton turbine
will be very suitable, using less than 100 1/s to generate 100 kW.
This is higher than the anticipated peak demand of 20-40 kW, but
the author agrees with the New Zealand consultants (reference 8)
who recommend 100 kW installed. This has the advantage of
allowing standardisation of generators and electrical equipment
with the Kwaibala and Huro schemes, and provides for Bualas
long-term needs at very little additional cost.

The capital cost of the scheme has been updated from reference 8
and adjusted for items not included there, particularly
contigencies and engineering. ARl up-to-date budget quotation was
obtained from Tasmania for the generating equipment. The total
project cost is estimated to be 490.000 SI$ at 1986 prices, as
shown on Table P.7.

The scheme is already designed, and providing finance can be found
rapidly, it could be commissioned early in 1989. The first year
of production is assumed to be 1989, when sales are expected to
have reached 78 MWh annually, with peak demand at 26 kW.

The Jejevo River is reported to have a reliable flow and several
gaugings have been made, always over 40 1/s including one on 29.
May 1986 measured at 41 1/s. The reliable flow is estimated at 30
1/8 which would provide 30 kW of firm power, sufficient to cover
Bualas immediate needs. This avoids the need tov run the hydro
unit in parallel with diesel generation and a simplified operation
and control system can be used for the first few years.

The project benefits are calculated as the total energy production
according to the predicted growth rate from reference 1 (5% p.a.)
plus the avoided cost of a new 28 kW diesel generator set in 1989,
Using 10% discount rate the cost/benefit ratio is 1.84 as shown on
Table P.8. This indicates that the project is not economic at 10%
discount rate, and has an internal rate of return of only 6%. If,
however, a more rapid growth in demand is assumed (10% p.a.) the
Jejevo project becomes economic for immediate construction (see
Table P.9). '
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TAMLE P.8

JEJEVE NYSR:PIWER PRUJECT. (Assumes S8 p.a. growth in demand)
COST - BEWEFIT anA YSIS (221).8518: 1783 erice level) Discownt rate o 10.0 1

t YEAR ) DISCOUMT COSTS BENEFITS 1 1%04 PV 1984 »v t
] ] FaciIon [} (4,294 1 LY M8 ]
1 1788 1 1.00 .00 .00 ] 8.00 0.00 ]
[ Y, A ] [N 4 0.0 .00 1 .82 .00 ]
1 1% ) .83 .00 3%.00 ] 336.%8 22.93 ]
I 17 .73 10.00 16.00 ] 7.31 12.02 ]
1 399% ) .48 19.08 17.00 [} 4.83 11.412 ]
1 1mm o .42 10.00 10.00 ] &2 11.18 '
1 1992 ) 0.356 10.00 17.00 1 S.84 10.73 ]
[ 8 4 2 B | 9.5 10.08 20.00 H S.13 10.2% t
1 1t 0.47 19.00 21.00 ] 8.487 .80 !
1 s 0.402 10.60 2.0 ] 4.28 .33 ]
Ity ) 6.3 16.00 23.00 ] 3.8 n.87 ]
1 1997 .38 10.80 24.00 ] 3.30 8.4) ]
1 1M @ ..32 19.08 25.00 ] 1.19 7.97 ]
199 10.00 2.0 J 2.9 7.5 ]
1 2008 ) 19.00 22.00 1 2.43 7.12 1
1 200t 10.00 2%.00 ] 2.39 6.92 ]
[~ | 19.00 30.00 ' 2.18 A.23 ]
1 200 L} 19.00 66.08 [} 1.98 13.04 )
1 o4 ¢ 19.08 I13.00 1 1.8 5.98 I
1 2005 10.00 3.0 H 1.44 s.77 ]
1 04 ) 19.80 37.00 1 1.49 2.30 ]
T 2007 1 10.00 3°.00 J 1.33 $.27 ]
I 20 ) 19.00 41.00 [} 1.23 %.-04 ]
P 2000 % 10.00 43.00 1 1.32 4.80 !
1 2010 & 19.00 45.09 [} 1.02 4.37 ]
I 201t ¢! 10.00 47.00 ] 0.92 4.34 ]
t 2012 1 10.00 47.00 |} 6.34 4.11 ]
1 2013 0 10.00 $1.00 I .76 3.8¢ )
[ 17 B | 19.00 34.08 ] 6.4 3,74 !
12013 ) 10.00 37.¢0 1 0.é3 3.5 ]
I 014 1¢.00 40.0% ] e.57 3.04 ]
2017 ) 10.00 43.00 ] 0.52 .28 |
1 2010 10 13a.00 101,00 ! A.44 4.78 t
1 2019 |} 10.60 79.00 3 Q.43 3.03 i
I 292 19.08 73.00 ] 0.3y 7.0 1
2022 onuaras resdmier o 3.7 MGT .
WEL = G31.01 APk = 277,73
Cost/Benef:t ratio = 1.84
TABLE P.9

JEJEVD WYRROMES PROJECT. (Assumas 108 p.a. growth in demand)
COST - BENEFIT ANALYSIS (e311.S)6¢ 1786 rrice lovel) Biscount rate # 10.0 &

1 YEAR PISCOUNT  COSTS BENTFITYS 1 1986 WV 1%Re PV ]
§ ] FALLTOR ) cNSTS FERFIITS ’
P 1984 ) 1.00 9.00 0.0 i 0.00 0.00 '
11187 e 90.00 9.00 J »1.02 0,00 [ 4
1988 ) 6.3% 499,00 %.00 ] 340.98 .73 I
I oIome ¢ 0.73 10.00 16.00 t 7.%3 §13.02 ]
1 19%0 ) 0.48 10,00 1R.00 I 5.93 15.29 5
LI L 4 ) S | 0.62 16.00 20.00 ! .23 12.22 $
b1y ) . 0.%6 19.00 22.00 I .64 17.42 ]
P 1993 0.5% 10.00 24.00 ) S.13 12.32 ]
I 1994 ) 0.4 13.00 24.00 3 4,87 12.1) [ N
t 1993 11 0.42 10.00 20.00 ] 4,24 123.30 ]
1 1% ) 0.3¢ 10.00 31.00 ] A.86 1"n.2” ]
1 1997 ) 2,33 10.00 33.00 ] 3-350 11.57 I
I 1998 6.32 19.00 33.00 ] J.19 11.39 i
I 5999 ) 0.29 10,00 38.00 ] .90 11.01 )
I 2000 ) 0.24 10.00 42.00 ' 2.43 11.04 ]
i 2008 ¢ 0.24 10.00 46,00 [} 2.3¢ 13.08 ]
1 2002 0.22 19.00 31.00 ] 2.18 311.10 ]
1 2003 0.20 10.00 ?1.60 ’ 1.98 18.00 [
1 2008 ) 0.18 19.00 #1.00 I 1.80 10.97 I
3 2008 [ 379 10.00 $7.00 ] 1.4 10.9%4 ]
1 2004 0.1% 10.00 74.00 i 1,49 11.00 }
1 2007 ) 0.14 10.00 $2.00 ] 1.3% 11.08 ]
} 20080 0.12 19.00 90.00 ] 1.23 11.04 |
1 2009 ) 0.3t 10.00 79.00 ] 1.32 131.04 '
| 2030 0.10 10,00 109.00 ] 1.02 11,67 [ 4
| 2013 ) 0.0 10.00 119.00 [} 0.9 10.98 '
1 20312 & 0.080 10,00 131.00 ] 9.9¢ 10.99 1
1 2013 & 6.08 10.00 144.00 ] .76 10.98 []
I 2054 ) 0.07 10.00 194.00 ' 9.9 10,96 )
1 2038 0.06 10.00 174,00 -« } 0.63 10.97 '
i 2087 0 0.06 19.00 192.00 [} (3 14 11.00 §
t 2017 .03 10.00 211.00 ' .52 10,99 [}
) 2038 1 0,0% 134,00 247.00 ] Ao b4 17.43 ]
1 2039 0.04 10.00 2%%.00 [} 0.43 10.90 [
1 2020 1 0.04 19,00 .00 [} .3 11,08 L)
23071 onwerés repaivier 3. 109.99

WPr. = NO1.ut OO @ 510.3T
Lasildanatit L alol L 20




- AR o A S i e S o T e T TR e TR T T TN T T TR T A T g e T RS T e TN A T T R TN T e

- 107 -

The Jejevo project could be made less expensive by reducing the
penstock length, while increasing the turbine discharge to keep
the maximum output at 100 kW. A new intake site would have to be
found at about 150 m above see level, which might reduce the
project cost to approximately 400.000 SI$, while the benefits
remain approximately the same.

If new development is anticipated around Jejevo, the demand might
increase more rapidly than bredicted in reference 1. Only one or
two major new consumers can make a large difference to the demand
when an electricity supply system is just developing as at Buala.
When annual demand exceeds 100 MWh the hydro project will become
more economic than diesel generation. 1In the long term the
mini-hydro project has potential to generate 400-500 MWh annually.

The Jejevo mini~hydro project is inherently a very sound economic
proposition once the system demand is sufficiently high to absorb
more of the projects energy potential. 1In order to have a
rational implementation schedule, it is recommended that Jejevo be
planned and constructed together with Huro and Kwaibala, even if
this means a few years before it becomes economic.

Furthermore the Jejevo mini-hydro scheme will have important
training benefits on the island of Santa Isabel, where
considerable micro-hydro potential exists. It is therefore
recommended to proceed with the Jejevo mini~hydro scheme
immediately, along with the Kwaibala and Huro schemes.
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TABLE P.10 - Forecast enerqgy and maximum demand -~ Kira Kira system

Energy Maximum

Year (Mwh} (kW)
1983 161 56
1984 167 63
1985 174 66
1986 183 68
1987 192 69
1988 202 72
1989 212 75
1990 222 78
1991 233 79
1992 245 82
1993 257 86
1994 270 89 -
1995 284 90
1996 298 94 )
1997 313 98
1998 328 99
1999 345 101
2000 362 103

Growth assumed at 5% p.a. (from reference 1)




P3 - KIRA KIRA

The Present Kira Kira System

The present supply area is limited to the Kira Kira village
itself, and will remain limited as long as the present
distribution system is at 415V. The power station is centrally
placed but it is planned to relocate it near the Puepue River at
the back of the village. Fresh consideration should be given to
the new site and the introduction of a high tension system in the
light of the new mini-hydro station proposed on the Huro River.

The existing station has 3 relatively modern diesel generator sets
. of approximately 43 kW each. One set was down for repair during
the visit and the other two were required for most of the daytime
running.

There were no figures readily available for the latest peak
demand, but the necessity cof running two units at full output
seems to indicate that evening peak demand has risen appreciably
from the 1983 figures quoted in the ADB report (see Table P.1l0
from reference 1). There are plans to install new air
conditioners in the hospital and new washing machines have been
delivered and are awaiting connection.

The load factor is poor, about 0.32 due to a pronocunced evening
peak around 1900 hrs (see Fig. F.17). The -.ini-hydro project will
generate surplus daytime power which can be used to good effect,
for instance in small-scale industries at the site proposed in
Kira Kira.

For analysing mini-hydro projects for Kira Kira the predicted
demand on commissioning in 1990 is 222 MWh p.a. and 78 kW peak
rising at 5% p.a. thereafter (see Table P.10 from reference 1).

The optimum gize of hydropower project for the Kira Kira system
would be about 100 kW to cover peak demand up to the year 2000.
Investment costs should not exceed 700,000.00 SI$ if the hydro

project is to be more economic than continued diesel operation.
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Huro Project - Location and Description

This project is located on the Huro River above the village of
Huro some 300 m upstream of the road bridge (see Pigure F.18). The
lower reaches of the Huro river fall steeply over exposed rock and
large boulders. The river level at the village is approximately 5
m above sea level, but at a level of about 40 m the river flows
out of a dramatic gorge with vertical walls up to 50 m high. At
this point, some 300 m or so below the junction of 2 major
tributaries, there is a suitable site for an overflow weir 13 m
wide and 2 m high. The catchment area is 6 km2 and the mean flow
§s estimated to be 0.6 m3/s.

The west bank of the river valley downstream is of moderate slope,
and it will be possible to build a penstock without difficulty,
althcugh excavating a headrace canal might present more problems
due to blocks of hard rock and uneven terrain.

The penstock length has not been measured, but is estimated at
'400-600 m, the average figure being used in cost estimating, The
lower part has recently been logged and there is reportedly a
logging road running up the ridge above. Access is easy to the
pover station site, and a track for tractc_s could be excavated up
to the dam site if necessary.

It is proposed to site the power station 200-300 m inland from the
village just upstream of a small tributary entering on the west
bank. This will avoid any adverse environmental impact since the
project is constructed upstream in a rocky and inaccessible part
of the river.

A single 100 kW crossflow unit would be suitable for covering
demand varying from 25 kW minimum to 100 kW maximum. The estinatéd
reliable discharge is at least 0.2 m3/s, equivalent to 40 kW
output which represents satisfactory operating conditions for the
single unit. 1Installing two units would be unnecessary and
uneconomic.
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PIGURE P.18 - Location map of Huro mini-hydro
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A transmission line will run along the road 2 km into the village
of Kira Kira, and the possibility arises of electrifying the
airport and the village of Ngorangora 2 km to the west. Any high
‘tension transmission voltage will be suitable, 11 kV being
preferred due to SIEA"s requirements for standardisaticn.

Civil Works

The major cost items will be the penstock and to a lesser extent
the dam and intake. The dam site is very suitable with sound rock
on both abutments. The river bed comprises of rock and boulders,
some of more than 100 tons weight. It will be possible to build a
stable diversion weir 13 m wide and 2 m high at the site chosen
although some leakage fIgY occur in cracks and fissures below the
dam. Some dental concrete and natural siltation will reduce this
leakage to acceptable levels. Besides there is already excess flow
available for present power requirements.

An intake with trash rack and scour-gate will be constructed on
the west abutment, but it will be costly to construct a settling
basin of any volume at that point. This makes it important to
include a large and well-sited scour gate immediately beside the
intake, because the pool created upstream will act as the only
settling basin. Sediment transport in the river does not appear
to be high except in extreme flood conditions. Alternatively a
submerged stream bed intake could be constructed.

A 450 mm diameter penstock has been chosen although smaller
diameters are premissable since a high head loss is acceptable in
this case. The penstock should preferably be steel since there is
some risk of damage to other types due to falling rocks or trees.
It will probably be necessary for steel or concrete supports to be
constructed since the terrain is difficult for trench excavation.




R TR TN TR T R i

- 11k -

The lower part of the penstock route runs in gentle terrain,
recently logged, and the power station site can be located at any
suitable place upstream of Huro village. Although there are
several metres of fall in the river above the village it will
probably not be necessary to utilise these because of the low
demand level at present.

Generating Equipment

A crossflow turbine will almost certainly be the most economic
type for the head and flow conditions of the Huro project. The
size is dictated by the present demand level, and 100 kW seems
appropriate. This requires a turbine dischare of 0,5 m3/s at 28 m
net head. The Huro River flow was measured at 0.52 m3/s at the
dam site on 1.05.86 after regular local rain showers in the
preceding week. Several gaugings have been carried out previously
(ref. 2) none less than 0.4 m3/s. Local people say the river
never dries up, and it is reasonable to assume a reliable
discharge of 0.2 m3/s. The catchment area of 6 km2 would indicate
an average discharge of around 0.6 m3/s, since rainfall at Kira
Kira is moderately high (3739 mm at the coast).

The reliable dischare of 0.2 m3/s would produce about 40 kW with
the proposed 100 kW crossflow unit, and can therefore avoid the
installation of another 43 kW diesel. There will be very few
occasions when flow is insufficient to satisfy the system demand
which will normally vary in the range 20-70 kW, so the hydropower
project is well matched to the present Kira Kira system. It would
be advisable to maintain all the existing diesel units for
occasional peaking use and in the event of repairs or maintenance
to the hydropower unit.

The annual energy which could be generated by the 100 kW
hydropower turbine is of the order of 600 MWh, and with the
diesels a total of 120 kW firm capacity can be provided. According
to the ADB demand forecast, that will satisfy requirements well
into the next century.
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Table P.ll - Cost Estimates for Huro Mini-Hydro Project

Civil Works Thousand SIS
Land clearance (forest, partly cleared already) 10
Access road (500 m to power station) 15
Concrete intake weir (1.5 m high, 13 m wide) 30
Intake and scour gate 10
Penstock (450 mm dia, 500 m long) 200
Powerhouse 30
Tailrace 5

Subtotal 300
Contingencies (20%) 60

Generating §gginment:

Generating equipment (1 x 100 kW crossflow) lo0
Transmission line (2 km, 11 kvV) 40
Transformers, switchgear 10
Subtotal 150
Contingencies (15%) 22
Land accuisition 23
Engineering and administration (15%) 85

640

TOTAL INVESTMENT COST SIS 640,000
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Cost Estimates

It is necessary to adopt low-cost construction techniques for
small projects like Huro and Kwaibala. The project at Maluu forms
the main basis for estimating civil works costs for Huro. The
penstock, generating equipment, transmission lines etc. are based
on international prices adjusted for the Solomon Islands. Budget
quotations have been obtained for the generating equipment. A site
survey is necessary before deciding if the relatively long
penstock can be shortened by constructing a headrace canal part of
the way. Before this can be confirmed the more expensive
full-penstock solution is used in project costing as given in
Table P.1l1l.




TABLE P.12

HURC HYDROPOUER PROJECT.

COST - BENEFIT ANALYSIS

(ail).ST8y 1986 rrice level) DBiccount ratc = 10.0 2
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YEAR

—eoane

NPT = 547,73 HPB = 70A.A4
Cost/Benefit ra3tio = 0.92

1 DISCOUNT (CnS1S BENEFITS | 1988 PV 1984 PV |
| 1  FACTON 1 COSTS BENEFITS 1
I 1986 1 1.00 9.00 9.00 L 0.00 9.00 }
I 1987 1| 0.91 40.00 0.00 1 38.36 0.00 |
I 1988 0.83 £00.00 446.00 H 495.87 38.02 ]
i 1989 | 0.75 13.00 435,30 i Y.77 33.89 |
I 1990 0.48 13.00 48.00 1 8.98 32.78 i
i 1991 1 0.62 13.00 30.00 1 8.07 31.03 i
1 1992 0.58 13.00 52.00 i 7.34 29.33 }
I 1993 | 0.51 13.00 .00 ! 6.87 28.22 ]
1 1994 |} 0.47 13.00 58.00 | 4.06 27.06 - }
1 1995 0.42 13.00 61.00 i 3.51 25.87 |
I 19946 | 0.3% 13.00 44,00 L} 3.01 24.67 )
1 1997 1 0.33 13.00 87.00 1 4,56 23.48 L
I 1998 1 9.32 13.00 70.00 ] 4.14 2.30 i
1 1999 1 0.29 13.00 73.00 | 3.77 21.13 i
1 2000 ¢ 0.26 13.00 77.00 } 3.42 20.28 |
1 2001 | 0.24 13,00 81.00 I 3.13 19.39 |
I .2002 0.22 13.00 3%.00 | 2.83 18.50 l
1 2003 0.20 13.00 135.00 ¢ 2,957 26.71 |
I 2004 i 0.18 13.00 93.00 { 2.34 16.73 ]
I 2005 1 0.16 13.00 98.00 | 2.13 16.0? 1
1 2008 | 0.15 13.00 103,00 i 1.93 15.31 l
I 2007 ¢ 0.14 13.00 108.00 I 1.76 14.49 |
I 2008 1| 0.12 13.00 113.00 ! 1.50 13.88 |
I 2009 1 0.13 13.00 119.00 ! 1.4% 13.29 !
I 2010 0.10 13.00 125.00 ] 1.32 12.489 )
I 2011 1 0.0% 13.00 131.00 | 1.20 12.09 |
I 2012 0.08 13.00 138.00 } 1.09 11.58 |
1 2013 1 0.08 13.00 14%.00 | 0.99 11.06 )
I 2084 | 0.07 13.00 132.00 H 0.90 10.54 ]
1 2018 | 0.26 13.00 160.00 L} 0.82 10.09 i
I 2016 |} 9.068 13.00 168.00 f 0.73% 9.83 }
1 2017 1 9.05 13.00 176.00 I 0.58 9.17 L}
12018 | 0.03 184.00 231.00 i .71 10.94 i
I 2089 | 0.04 12,00 194,00 i 0.52 8.33 i
I 2029 |} 0.04 13.00 204,00 | 0.51 7.99 |

2021 onwards remainder 3.09 79.83
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Economic Analysis

The Huro project would substitute almost all fuel and running
costs for the existing diesel units. The existing units must
remain for occasional peaking and standby. The energy benefits
are therefore assumed to be 98% of the predicted energy demand
multiplied by the diesel running cost of 21.35 cents/kWh (from
Table H.4). This represents an annual benefit of 46,000.00 SI$ in
1990 rising to 77,000.00 SI$ in 2000 measured at current price
levels. In addition there is a benefit in the avoided cost of a
40 kW diesel unit priced at 700 US$/KW or 46,000 SI$. - —

The operation and maintenance cost is estimated at 2% of
investment cost or 13,000 SI$ p.a. and replacement of hydro
generating equipment is required after 30 years (diesels replaced
every 15 years).

A net present value cost-benefit analysis based on the above
parameters and 10% discount rate results in a cost/benefit ratio
of 0.%2 as shown in Table P.12. 1In addition, there are three
factors which would cause the project to be more economic:

(i) a higher level of demand or a more rapid growth rate.
There is some evidence that this may occur in Kira Kira
once the reliability of supply and the capability of the
distribution system improves.

(ii) the impending construction of a new diesel station can be
avoided or delayed for many years by the rapid
implementation of the hydro project.

(iii) the mini~hydro project will provide a large supply of
daytime energy at no additional cost. If the proper
incentives are provided this can assis: in the development
of small-scale industries, as planned by the government at
a selected site in the centre of Kira Kix».
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Conclusions and Recommendations

For commissioning at the end of 1989, the Huro mini-hydro project
is marginally economic at 10% discount rate. The higher the level
of demand, the more economic the mini-hydro project becomes,
because it has a potential several times greater than the present
demand.

It is recommended that plans for building a new diesel station at
Kira Kira be reconsidered pending a short feasibility study of the
mini-hydro project. If the mini-hydro project is to go ahead, the
new diesel station can be replaced by the mini-hydro plant while
maintaining the existing station with 43 kW units on standby for
occasional operation.

At the same time as the mini-hydro study, the transmission and
distribution system should be reviewed. The need for a high
tension transmission system and the posibility of extending the
supply area should be investigated in conjunction with plans for
development of small-scale industries at Kira Kira. These
recommendations are very much in line with the ADB Recommended
Development Plan for Kira Kira (reference 1).

It should be noted that the Puepue river was also inspected and
possible hydro projects considered, including the proposal of the
UNDTCD mission (reference 2). It was found that although the
potential of these projects is greater than Huro, the investment
costs would be too great to justify the Puepue Scheme because of
the low level of demand presently prevailing in Kira Kira. The
Puepue river and the tributaries cut deep gorges up to 100 m high
with vertical or near vertical faces. The headrace canal type of
project described in reference 2 will not be possible in such
terrain and any hydropower development on the Puepue is likely to
cost in excess of 2 million SIS.
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P4 - OTHER PROVINCIAL CENTRES

The other provincial centres where SIEA have established an
electricity supply system are Gizo, Munda and Lata (Santa Cruz)
all with diesel generating sets. Gizo is on a small isiand which
is experiencing a shortage of water resources for water supply and
hydropower generation is therefore not a viable alternative to
diesel. Munda is surrounded by relatively flat land without
commerciélly viable hydropower resources, as is the nearby port at
Noro where a fish processing plant is to be built. Hydropower
projects serving these two places can also be discounted.

Santa Cruz is an island where considerable hydropower potential
exists in the mountainous regions to the east, but the provincial
capital, Lata, is situated on a penninsula on the western tip of
the island. The rivers which are nearest, the Leumbalele and
Leusalo, have been explored by staff from the Ministry of Natural
Resources without positive results. It is therefore concluded
that the nearest potential projects will probably be found in the
hills to the north or east and would require transmission lines of
at least 15 km to carry power to the load centre. When
transmission costs alone come to 300,000 SI$ and the present load
is only 50 kW, it is impossible to conceive of a mini-hydro
project which is an economically viable alternative to diesel
under the present circumstances. ‘

Nevertheless, as demand grows and especially if diesel prices rise
again significantly, hydropower projects will become more
competitive. Once demand has doubled to about 500 MWh p.a., it is
possible to justify the high transmission costs, and potential
mini-hydro projects costing up to 1 million SI$ are worthy of
detailed study.

It should be stressed that all the provincial supply areas will
benefit from hydropower development in any existing supply area,
provided such development is economic and leads to lower
electricity tariffs, The policy of uniform tariffs for all the
provincial centres will result in a fair distribution of benefits.
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It is therefore recommended that further exploration of potential
hydropower projects for Lata continues with a view to reviewing
the situation in 5 - 10 years time. Priority should be given to
the three centres where hydropower is already economically
feasible ~ Auki, Kira Kira and Buala. Experience gained from
design, construction and operation of these plants can then be put
to use in the next phase of mini-hydro projects, including one for
Lata.

Mention should also be made of certain areas where there is a
potential for mini-hydro development, but where there is no
electricity supply at present except for occasional privately run
diesel generators. Choiseul is one such area, as is the south
coast of Guadalcanal, an area with substantial mini-hydro
potential, and one study of projects for the village of Avu Avu
has already been carried out (reference 21). Although this study
concluded that a 130 kW project at Haimatua costing over 1 million SI$
was feasible, the analysis assumes that power demand would rise at
20 - 50% p.a., which must be totally unrealistic for an isolated
place like Avu Avu. More realistic growth assumptions (similar to
historic growth patterns for say Kira Kira) lead to the conclusion
that the Haimatua project is clearly not economic at present.

The conclusion to be drawn from such studies is that irrespective
of how good the potential mini~hydro project itself may be, it is
necessary to have a guaranteed income from electricity sales in
the first years after commissioning if the project is to be
financially viable. The introduction of a new central electricity
supply and distribution system to a particular village is a costly
business which almost invariably requires subsidies., It is |
therefore essential that the governments and SIEAs own financial
resources be used on projects which reduce existing expenditure on

diesel rather than increase operation, maintenance and
administration costs by expanding supply into new areas. Only
when the electricity supply situation is self-financing at a
reasonable tariff (i.e. lower than at present) is it possible to
think in terms of subsidising supply to new areas, These ideas
are expanded on in the following chapters.
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MICRO-HYDRO PROJECTS

Ml. - Existing projects

There are 3 micro-hydro projects in operation in the Solomons. The
first one at Atoifi on Malaita supplies the Seventh Day Adventist
(sbA) hospital and mission and was constructed by private
enterprise. Use was made of an old turbine and generator which
works satisfactorily even though it was not designed specifically
for the project. The nominal output is around 30 kW on 100 m
head, and the unit is supplied with diesel back-up for dry flow
periods.

After many years of continuous operation, SDA have recently
‘'ordered a new 32 kW turbine and generator set at a cost of 47,000
A.$ plus freight from Honiara and installation cost.

There are several important aspects of the Atoifi experience from
which lessons can be learnt. PFirstly, the use of used equipment
was successful in minimising the initial capital cost and getting
the project started without time consuming detailed study and -
design work. Experience was gained from many years of operation
and a new unit could be designed later to fit the exact load
requirements of the system. This approach is often preferable to
designing new equipment at high cost for a system which is highly
unpredictable because there is no previous experience of
electricity use in the district. Secondly, the scheme was
designed to fulfill a specific need, i.e. the hospital and
mission. Electrification of rural areas where the possible uses
of electricity are uncertain and unpredictable may result in
costly projects when compared with the benefits achieved.

A 30 kW scheme was constructed in 1983/84 at Maluu in northern
Malaita and only recently commissioned. This scheme supplies the
village including a hospital and utilises what might be referred
to as "the perfect micro-hydro site". The stream has a remarkably
reliable flow adequate for power production at all times, and the
fall is steep at a site readily accessible and near the load
centre. It is unlikely thet such a gocd site for a micro-~hydro
scheme will be found anywhere else in the Solomons.
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. The project was funded by New Zealand aid and is well designed and
constructed. Administrative problems alone seem to have been the
reason for the long delay in commissioning and they illustrate
many of the problems which must be faced when electrifying a new
rural area.

Land ownership disputes were costly and time consuming. It is
important that these issues are settled in parallel with design
work and prior to construction. The greatest difficulty arises if
the land owners at the hydro site are not the main beneficiaries
of the scheme, and in the Solomons such complications can destroy
even the best projects. '

Another important lesson is that experienced project management is
required in all phases of design, construction and commissioning.
This should be provided locally by SIEA and the designers of the
scheme who have the necessary expertise to manage the project
efficiently. After the recent cyclone destroyed part of the
transmission line at Maluu, there was considerable delay in
repairing the damage due to no spares being readily available for
the non-standard equipment. If SIEA had managed the project
during construction SIEAs standard equipment would have been used
and repairs could have been completed within a few days.

As yet there is too little experience from running the Maluu
scheme to provide information about the way in which electricity
use develops after electrification and how the demand grows. Maluu
is a good pilot project and the results should be monitored in
coming years to provide information for other potential
micro-hydro schemes proposed for village electrification. 1It is
often the case that after national (and international) attention
is diverted from the village once the scheme is commissioned,
demand growth can stagnate and the financial viabililty of the
project becomes dubious.

Too many micro-hydro projects base their financial and economic
viability on the assumption of rapidly expanding demand which does
not materialise. These difficulties are often compounded by high
connection fees and high tariffs intended to recover some of the

capital cost of the scheme, It is therefore important to research
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the potential demand thoroughly beforehand and to give priority to
schemes where the demand is likely to be highest and expected to
grow steadily. Areas which necessitate additional outside help in
stimulating demand must be examined carefully to assess the
realities of demand predictions before proceeding with
electrification.

The third scheme at Iriri in Kolombangara was designed and
constructed as a pilot project funded by UNIDO with Australian
support. The output is nominally 7 kVA (5kW) but is used almost
exclusively for village lighting. It has not been possible to
substantiate the true cost of the scheme because many services
have been provided free or heavily subsidised. The claim that
such schemes can be repeated at a cost of 35,000 $§ each (reference
14 and 15) is considered to be highly dubious under prevailing
conditions in the Solomons. A proposed 25 kW follow-up proiect
for Manawai has been quoted at 450,000 SI$ which is a more
realistic figure once all hidden costs are included (e.g. training
of local village operators presently undergoing instruction in
Australia).

An unfortunate aspect of the Iriri scheme is that it appears to
have been constructed without consultation with SIEA despite
receiving international support. Although the workmanship and
safety standards are probably satisfactory, the work is possibly
not in accordance with national standards or safety regqulations
set by SIEA.

It is recommended that SIEA carry out an independent appraisal of
the Iriri scheme including costs, benefits, expected lifetime,
maintenance and administration issues before the government
promotes any further micro-hydro schemes to be developed along the
same lines. The possibility of supplying village lighting from
individual household solar kits may be a simpler, less costly and
safer way of achieving the objective of village lighting in remote
rural areas.
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M2. - Experience Gained and Recommendations

The primary lesson from Maluu and Iriri experience is that
implementation of government or internationally funded rural
electrification schemes should be administered or at least
coordinated by SIEA. The SIEA has considerable responsibilities
under the Electricity Act (licenses, safety standaras etc.) but
has little or no knowledge at all of the Iriri scheme, and has
only recently commissioned and taken over Maluu and provided an
operator. SIEA are the only organisation in the Solomons at
present with expertise in repairing and maintaining high temnsion
electrical generation systems, and should therefore be the focal
point for training of all operators, technicians, linesmen and
electricians and the central standardisation authority and holder
of spares.

While all public micro-hydro development should be directed
through SIEA, this should not discourage private enterprise from
constructing micro-hydro schemes for their own consumption. Atoifi
is a typical case of successful private enterprise and the
governﬁént can encourage further schemes based on private
initiative by assisting with technical, legal and administrative
advice from their own energy section and SIEA. A precondition of
such private schemes is that they do not recieve subsidies from
public funds or government international aid, and that they
conform to the electricity act and SIEA safety standards.

It must be recognised that substituting diesel generation in an
existing electrical system can often make a micro-hydro project
financially viable, but introducing a new electricity system to an
undeveloped area is almost always without exception never
financially viable without extensive subsidies, no matter what
genexration source is used, diesel, hydro, grid extension or solar.
The only exception is if a sizeable enterprise can guarantee an
immediate consumption and thereby quarantee a source of income
from sales.
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An analysis of the proposed Manawai scheme indicates that even if
sales of 100 MWh per annum are achieved in the early years, the
true cost of providing this power is about 70 SI cents/kWh
including capital amortization of 450,000 SI$ at 10%. Comparing
this fiéure with the national tariff of 25 - 28 SI cents/kWh and
the cost of diesel stations from Table H.4, it is evident that
grants or subsidies are required to start micro-hydro schemes and .
give them a sound financial basis.

There is ample evidence of this from many developing countries,
and the reason is that the financial return from electricity sales
in the early years after village electrification is so low that it
often does not meet the system operation and administration costs
not to mention repay the capital investment. Despite this, many
governments have gone ahead by seeking grant aid or subsidising
rural electrification programmes by increasing urban electricity
tariffs. PFiji and Western Samoa are typical successful cases in
point.

Compared to Fiji and Western Samoa the situation in the Solomons
is more disadvantageous to rural electrification for several
reasons. The villages are small units, widely scattered and with
little industrial or commercial activity requiring electricity
consumption. Any potential consumers must be artificially created
by iqgesting_in development projects such as cold stores,
sawmills, ice plants etc. which requires even more capital and
technical input. Village lighting is more safely, cheaply and
reliably provided by individual household solar kits than by a
high tension distribution system, and currently it is not
permitted to wire leaf houses in the Solomons which comprise 95%
of all village dwellings (although wiring of leaf houses is
permitted in Papua New Guinea).

For these reasons it is suggested that the Solomon Islands has not
yet reached a stage where it can afford to subsidise rural
electrification schemes whether these be energised by hydro,
diesel or grid extension. Concentrating on electrification of new
areas will only succeed in diverting scarce grant aid and scarce
internal technical and administrative expertise for limited
returns. Even if satisfactory returns are forthcoming they are
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limited to a single village area, which easily creates jealousy in
other villages and starts an unfortunate precedent. If the
returns are not forthcoming the authorities are left with yet
another electricity system which runs at a loss and requires
subsidies from other consumers (compare Buala, Munda, Santa Cruz
and possibly Maluu).

The government should therefore concentr#te its grant aid and
technical and administrative resources on building mini-hydro
plants for existing centres such as Honiara, Auki, Kira Kira and
Buala where there is a definite economic return in the form of
imnediate savings in diesel fuel. In this way they will gain
valuable expertise in hydro development and broaden their pool of
experienced technicians and operators at the same time as
improving SIEAs finance. This will create a cash basis from which
to subsidise potential rural electrification schemes such as
Manawai in 5 - 10 years from now.

During the intervening period the government can learn from the
experience of Iriri, Maluu, Auki, Kira Kira and Buala and develop
a sound and fair policy for systematic rural electrification based
on uniform tariffs, consumer registration and cash inputs from
potential consumers as used successfully in other countries. These
ideas are outlined in the discussion paper enclosed as appendix A.
The premature implementation of single rural electrification
schemes of any type will set precedents and become a hindrance to
the formation of a fair and consistent rural electrification
policy in the future.
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APPENDIX A

A discussicn paper on micro-hydro development and rural

electrification

Definition

The term micro-hydro is used to describe hydropower units of
less than 100 kW. These fall into two categories:

(i) Schemes connected to the main grid, usually found in
irrigation dams, water works, canals, hydraulic
structures etc.

(ii) Isolated schemes for supplying a limited area such
as one or two villages.

It is the latter category that is relevant for the Solomon
Islands and the folowing discussion applies only to schemes
isolated from the main grid.

Objectives

The objectives must be clearly defined when considering a
rural electrification scheme of any sort either by grid
extension, micro-hydro or diesel generation.

The overall objective will probably be socio-economic
development of the village or in plain terms raising the
villagers standard of living.

More specific objectives must be defined. These may include
providing one or more of the following list of services:
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A. Village lighting either for private or communal use.

B. Electricity for water pumping or other general usage
for communal benefits.

C. Power for institutions such as missions, schools,
hospitals, clinics, government buildings.

D. Commercial power supply for stores and small workshops
and cottage industries, grain mills etc.

E. Power for a single industrial consumer such as a
sawmill or other major power consumer.

F. Power for domestic consumption (private houses and
refrigerators, fans, etc.)

G. Ice making and cold store for fish and meat,
1l kW and 3 - 4 kW).

Once the specific objectives are defined it is possible for the
national or provincial government to decide which types of
classification they wish to give priority to, and hence which
schemes are most needed. (For instance consumers in categories E
and F should have low priority).

Assistance should be given to the villagers in defining realistic
objectivee and presenting alternative methods of achieving these

objectives relating them also to the total cost irrespective of
the source of finance (not just cost to the villagers or to the
government but the total monetary input whether given as grants or
training packages and including hidden costs such as government
administration).
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Demand Survey and Registration of Potential Consumers

A survey of potential demand in the villages should be carried out
by interviewing potential consumers to find out their needs and
also their willingness to pay the appropriate charges. The
individual consumers identified should be asked to make a nominal
monetary contribution to the establishment of the scheme. This
confirms the willingness of the potential consumer to pay.
Successful village water supply schemes in Africa worf on this
basis. The aim should be to collect money to invest in a fund
towards implementing the scheme. About 200 SI$ per kW demand is
an affordable figure which would collect about 5000 SI$ for a 25
kW scheme or 2 - 3% of the project cost.

In addition to information of future tariffs to be charged, this
test .is also necessary to determine how many potential consumers
are serious. If no contribution is asked for, everyone applies,
irrespecitive of whether they are willing or can afford to pay the
future charges. '

From the list of consumers who have signed up and payed their
deposit according to their expected maximum demand, the village
systems daily load curve and the potential yearly sales can be
estimated.

Design and Feasibililty Study

The demand survey will enable the peak capacity and energy
requirements to be stipulated and the rural electrification scheme
designed accordingly. It is vital to know what demand the scheme
is meant to supply in order to fulfill that demand by the most
economic solution. )
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This is often the sihgle most important reason why some
micro~hydro schemes fail to live up to financial expectations. The
designer designs the scheme according to the capability of the
most suitable stream or river rather than concentrating on the
realistic power requirements of the village.

After the demand has been established and a reaonable margin for
growth allowed, the scheme can be designed. It is important to

hold oper all options at this stage in order to obtain the most

2conomic solution whether this is hydro, solar, diesel or other

energy forms.

Typical costs for the various alternatives are:

SOLAR

1000 SI$ per household lighting kit (reference 5). Running
costs are nominal for occasional maintenance and repair work.

DIESEL
1000 SIS per kW capacity for installation of a complete
diesel set. Running costs are dependent on fuel prices. At
present levels (May 1986) fuel contributes about 16 - 25 SI
cents/kWh including transport in drums to remote areas.
Operation and maintenance costs are largely dependent on the
manpower input whether this is in the form of village
technicians or skilled mechanics. Replacement parts are not
a significant proportion, and if the demand survey is
properly carried out and the scheme properly managed, the
running cost of diesel generation should seldom exceed 30 -
40 SI cents/kWh at present fuel prices. This figure does not
include capital depreciation costs and costs for
distribution, reticulation, metering and administration which

are common to both diesel and hydro electrification schemes.
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HYDRO (One scheme only)
If a single hydropower project is constructed in isolation,
many one-off costs are disproportiornately expensive such as
consultants fees, mechanical equipment and shipping,
administration, training etc. The proposed 25 kW Manawai
scheme is a typical example and has been quoted at 265,000 US$S
(1985) equivalent to nearly 500,000 SI$ or 20,000 SI$/kW (1986
prices).

Running costs are dependent on manpower input. Operation or
maintenance costs are typically less than diesel, but still

require a full time employee on site and occasional repairs.
A reasonable estimate is 6000 $ annually which is a somewhat
less than diesel to reflect less frequent repairs.

HYDRO (10 schemes implemented simultaneously as a programme)

The capital cost is considerably reduced compared with the
single scheme, but seldom lower than 150 - 200,000 SI$ even
for the smallest scheme. Maluu (30 kW) would perhaps have
cost more than 300,000 SIS at 1986 price level, and this
scheme has many positive cost-saving features which would not
be repeated at many sites.

Running costs for many micro-hydro schemes are slightly down
on the "one-off"™ scheme because of centralised repair teams,
but each scheme still requires a local operator and
electrician. 5000 $ annually is estimated to be a minimum
cost.
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The various zlternatives can be compared in Table M1l which shows
the cost of various types of 25 kW scheme producing 50 MWh of
sales annually. Table M2 shown how the choice is radically
altered if greater energy sales can be expected (100 MWh
annually).

Capital Cost Running Cost Net Presen: Worth Cos:
(thousand SI$) |(thousand SI$/year) (108 disc., 1986)
<
o1
DIESEL 25 15 - 20 200 é
o
[79]
HYDRO "
(1 scheme) 300 - 500 6 360 - 560 | 2
. i
]
HYDRO -
(10 schemes)| 250 5 300 z
]
m
<
v &
o
DIESEL 25 30 - 40 370 a
HYDRO . o
(1 scheme) 300 - 500 7 370 - 570 | ~
[ ]
HYDRO E
(10 schemes) 250 6 310 s
’ ~
=
g




Results and Conclusions
The above exercise demonstrates the following points:

(i) A single micro-hydro scheme is seldom if ever cost
effective. Micro-hydro development is more successful if a
programme is identified where 10 or more schemes are
designed and constructed simultaneously.

(ii) The anticipated energy sales are critical to the choice of
diesel or hydro. If substantial sales can be ensured the
hydro is a good alternative, but if sales lower than 50 -
100 MWh p.a. are anticipated, it is likely that diesel will
be the more economic alternative.

Implementation of Rural Electrification Schemes

The SI Government should gradually develop policies and a
programme for rural electrification using solar, hydro, or diesel
power generation as appropriate to each site. The following
suggestions are a basis for discussions in formulating policies.

It is recommended that any rural electrification should be
motivated by the real needs and wishes of each district. This can
best be assessed by a registration scheme requiring a small
deposit from potential consumers as a registration fee, enabling
them to be considered on the rural electrification programme
before any scheme is designed and constructed. Those consumers
and villages who really need electric power and have the willpower
to make the scheme successful will succeed in collecting say 5000
$ as a small contribution to their own scheme. If a village
cannot collect such a sum, then they cannot afford either the
wiring or the running cost of electrification. 1In such cases
other basic needs should be given priority such as water, health,
education, and agriculture.
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Those villages who have a substantial demand and indicate this by
collecting the requited deposit can be assessed by electricity
planners provided by either SIEA or the central or provincial
government. The demand assessment will provide data on peak
demand and potential energy sales from which to design the scheme.
A register of interested villages and their potential demand will
be an excellent basis for selecting priorties” for development. An
early indication of most likely types of electricity generation
for each village (solar, hydro or diesel) can also be given.

Areas requiring only lighting, hot water, water pumping,
refrigeration, and drying of agricultural produce may find that
solar energy can fulfill their needs without the need for high
voltage electricity involving complex wiring, skilled maintenance,
and safety precautions.

Areas with higher power ne;ds, (workshops, electric tools, shops,
hospitals, schools, etc.) will require high voltage power and the
choice is between diesel and hydro (or extension of the grid
system if they lie within a few kilometers of an existing power

supply).

Typical villages for hydropower development lie near a substantial
stream or river with a relatively reliable dry-weather flow and a
good fall. As a guideline 50 m head with 50 1/sec minimum flow
within 5 km of the village would provide a viable micro-hydro
scheme of 15 kW reliable output.

From the register of village electrification schemes, those with
likely hydro pctential can be grouped together. When about ten
promising projects are found, these might be subsidised by a
willing donor who will provide the remaining capital and expertise
to design, construct and provide training in the operation of the
micro-hydro plants.

Consideration should also be given to implementing certain schemes
with diesel generation, particularly where there exists a real
need and also as a comparison for the micro~-hydro schemes.
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Subsidising Rural Electrification Schemes

With the exception of private users such as Atoifi, there is no
micro-hydro scheme which can supply cheap power in the Solomon
Islands unless it is subsidised or financed by grant aid. This
cannot be expected in the long run, and planning should be based
on commercial finance of the type typically available to the
Solomon Islands.

If an attractive package of 10 micro-hydro schemes can be
presented, it may be possible to obtain soft loans or grant
subsidies from a willing donor. These favourable sources of
finance should be used to subsidise many schemes rather than
concentrated on one or two pilot schemes which only benefit one
village.

It is also imperative that many schemes are implemented in order
to bring down the cost of the micro-hydro projects. The long-term
aim should be to create a market for micro-hydropower equipment
which is sufficiently large to justify starting local manufacture
of pipes and even turbines. This will be necessary if the unit
cost of micro-hydro schemes is to come down to near the
economically viable levels of about 6000 SI$/kW, quoted by APACE
as the repeatable cost of the Iriri scheme (reference 13) and
experienced in Nepal and Thailand (reference 12).

It is the policy of subsidising rather than donating rural
electrification schemes which is successful in other countries
such as Fiji. Some capital contribution is always required of the
beneficiaries, and the only question is how much. The
registration fee and the data obtained from the village demand
surveys will enable the government to gain experience and form a

consistent policy.
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Tariffs

The important question of tariffs must also be discussed and a

- policy formulated even before the registration work is started.
The villagers must be given concise information as to what the

. power will cost, what connection charges will be made, and what
restrictions will be imposed on power use (maximum demand fuses,
off peak tariffs, etc.).

The earlier SIEA policy of uniform electricity charges throughout
the Solomons is a simple and fair policy to be defended. This
usually implies that the main supply area consumers are
subsidising the more costly outstations where demand is low.

Consideration should be given to a simple fixed charge for low
demand consumers, usually private houses using say less than 200
Watt maximum. Metering is too costly at these low levels, and a
simple fuse is an adequate safeguard against over-use.
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APPENDIX B

General geological conditions for tunnels and underground works

The Komarindi project is located in an area with sedimentary rocks
of Lower Miocene-Pleistocene age, referred to as the Lungga Beds.
The main compenents of the Lungga Beds are detrital volcaniclastic
grains. Calcareous components are also present.

According to the Guadacanal Geological Map Sheet GU8 (Figure F.9)
the structural geology is controlled by folding about a
NW-SE-axis, and at least two sets of faults in RW-SE and NE-SW
direction of which the former appears to have been the most
recent.

At the dam and tunnel intake site (see photo 1), massive
interbedded rudites, arenites, lutites and wackes are exposed
dipping at about 15 deqg. to the northwest. Individual beds vary
in thickness from a few metres to a few centimetres and are mostly
laterally persistent. ‘

At the tunnel outlet site (photo 2) a thick unit (at least 20
metres) of massive calcirudite is exposed with a few minor
intercalations of lutite. Steep cliffs show typical limestone
karst weathering and a prominent set of vertical north-westerly
trending joints have been accentuated by solution.

From a provisional interpretation of aerial photographs of the
project (Figure F.10), the proposed location of the tunnels seems
to be favourable. The tunnels will cross faults or fractured
zones at favourable angles and this is of importance for good
tunnel stability.

It is expected that rock bolts, steel netting and shotcrete will
provide adequate stability during construction. For permanent
stability and for reduction of leakage it is anticipated that
concrete lining will be necessary across fractured zones and
acrogs karst zones.
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It has been assumed that the headrace pressure tunnel will require
full concrete lining whereas the tailrace tunnel will require only
shortcrete and rockbolting for stability purposes. Leakage in the
tailrace is unimportant.

Puture investigations for the project should comprise of detailed
mapping of faults and of geological strata with unfavourable
properties. Assessment of the depth of weathering along the
eastern part of the tunnel and the power station area is
important. The weathering is expected to be deep-going in places.
Seismic refraction profiling and diamond core drilling are
suitable field investigation methods for this type of study.

Compared to many parts of north Guadalcanal, the geology appears
to be suitable for tunnelling, although rock quality will vary
considerably over short distances because of faulting and a
complex bedding sequence. The only data on rock types comes from
boreholes drilled in similar material at Lungga gorge site
(reference 9). The geological report on the proposed tunnels at
Lungga concludes that moderate rock support works will be required
followed by a concrete lining. It may not be necessary with a
concrete lining if the rock is competent and non-erodible, however
for the purpose of cost estimating a full concrete lining has been
assumed for the headrace. A detailed geological survey followed
by field investigations will be necessary to clarify the
suitability and hence the cost of tunnelling work.
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APPENDIX C

Komarindi project: technical aspects

The dam will be a concrete overflow weir 10 m high and 60 m long
with a crest level of 220 m. There will be a concrete cut off
trench and a grout curtain along the upstream face, and the weir
must be anchored toc the foundation with a series of rock anchors.
If the river bed material or rock is erodible, it will be
necessary to construct an energy dissipating structure below the
weir, and for preliminary costing a small flip bucket is assumed.

By the tunnel intake it will be necessary to construct a large
scour outlet to remove sediment from in front of the intake, and-a
2 m X 2 m submerged gate is included with automatic operation
whenever the spillway begins to overflow. This gate is housed in
a 17 m high concrete abutment section adjacent to the intake
structure. Road access is provided onto the abutment for
installing and servicing the gates. The dam must be designed for
a 1000 year flood which is estimated at 2000 m3/s, equivalent to a
reservoir level of 227 m, 7 m above the crest.

The tunnels can be constructed by two methods. The most
economical is a minimum excavated section of 6 m2, which must be
excavated at a relatively flat gradient of 1.5 m per km to enable
rails and trucks to run. This section is suitable for the surface
alternative and will require a minimum of rock support works. It
is assumed that reinforced shotcrete combined with rockbolting is
sufficient except when very fractured rock is encountered. The
tunnel emerges into a trapezodial section concrete~lined canal
which will be widened into a surge tank/ desilting basin just
above the penstock intake. The penstock can be of steel or
glassfibre , the latter being easier to erect because of its light
weight. The diameter will be 1800 mm, sufficient to supply two 3
MW units comfortably and a third 3 MW unit with acceptable head
loss (4 m max.).




-1 -

For the underground alternative, tunnel excavation is carried out
using wheeled loaders, which can work at gradients of up to 1:8.
Most contractors require at least 17 m2 excavated section, but a
new low-profile excavator has recently been developed to work in
sections as small as 10 m2. The standard 17 m2 design is used for
costing purposes.

This type of tunnel can fall at 1:20 directly down to power
station level as shown in Pigure F.l1l2. The tunnel is therefore
pressurised and because little is known of the rock properties, it
is assumed that a full concrete lining will be necessary. Although
this tunnel is more costly, it eliminates the need for a steel
penstock except for the final 50 m into the underground power
house.

The disadvantage of this arrangement is that it is not practical
to empty the sand trap at the end of the pressure tunnel except by
draining the tunnel, so more sand is passed through the turbines.
There is not thought to be a high proportion of quartz or other
hard rock in the river sediment, and turbine erocion due to sand
transported through the turbines is expected to be acceptable.

The power house can either be constructed in the open or
underground. Attention must be paid to the flood level during

severe floods which may be 7 - 10 m above lowest tailwater level.
The generator and electrical equipment must be placed sufficiently
high and an exposed building must be positioned safe from damage
from flooding. This favours the underground solution which is
more protected and gives the designer greater freedom in chosing
level, position and tunnel alignments.
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Due to the low level of demand, only two 3 MW units are needed in
the first place, using only 4.6 m3/s each as shown in Figure F.13.
Preparations would be made in Phase 1 for the later extension of
the power house to accomodate a further 3 MW unit. A third phase
could be the collection of the Ohe river water to increase the
power production by a diversion dam on the Ohe and an
interconnecting tumnel, canal or pipe.

The project site will be reached from Honiara by a 20 km long
access road passing over the Lungga plateau as shown on Figure F.8.
The 33 kV transmission line will follow the access road alignment,
and connect into the Honiara grid at the existing Honiara diesel

station.
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NONTHLY- RAINFALL Cia)

STATION 19: HONIARA . TSLAND: GUADALCANAL
Station Type: Meteorological Statiom . Geographical Coordinates: 159° 57'E 9° 26°S
Data Source: Commonwealth of Asstralia Bureau of Meteorology Altitunde: 190 rt

Jen. | Peb. | Mar. | Apr. | Nay June ] July | Awg. | Sept.| Oct. | Nov. | Dec. | Total |Nean

»

Year

190 | - 1-7 "l an
1950 | 7.42 | 10.01)17.32 [13.88 1502 | 503 | 24| 479 2 26| 197 6.3 | 1041 ] 90.61
151 | 3.26 |10.15]18.05 | 8.36 | .93 | 0.03 | 1.63] 21¢4| 3.28] 0.97] 2.9 3.8 60.07
1952 |11.07 | 7.e8)16.50 |14.06 | 4.06 | a.67 | 5.35| 222 | 3.3 {13.72|10.5% | 2.88| 97. 71
1953 |8.25| 7.56[129¢ 1245 | 27¢ | 315 | s.es | 438} 3.22] 323 7.21] 404 1565
195¢ [14.42 | 17.72|15.96 | s.08 | 4.92 | 3.08 | 3.27] 264 3.76| .46} 464 | 9.60 | 93.5¢
1955 |s.01 | s23)26.08 | 4.58| 7.06 | 3.00 | 1.66] 0.27] 3.03] 287 5.41|23.15]| us.42
1956 |16.10 |19.53[13.05 | 601 | 205 ]| 292 | 0.62]| 1.07] 0.45| 285 5.01| 3.62] 73.34
1951 |56t 10741250 | a9 ]| 165|341 216] 3.47] 3.18)] e85 3.87] 6.3¢| 74.16
1958 | 7.41 | 3.87| 801 |25.60] e.91 |13.5¢ | 19| 1.83| 260] 741 2.15] 5. 25| 06.67
1959 |14.83 | 9.63[13.49 |11.74 | 5.18 | 235 | 372 | 8.76 | 8.39 | 3.89 | 6.45]15.79 | 104.28
1960 [10.65 | 12.29|24.25 |13.11 ] 296 | s.05 | 6.10| 2.43| 5.32| s.46| 3.7¢] 5. 18| 95.5¢
1961 |5.69 | 6.94[12.63 | 6.96| a.26 | 252 ] s.51| 4 92| 5.63] 5.89]| 9.79| e85 s1.65;
1962 | 8.76 | 12.41| s.68 1275 [18.90 | 4.50 | 241] 2272 2.56| e.60| 3.91 ) 11.46] o1.75
1963 '
1954
1965
1966
1961
1968

7.2¢ | "8.23]16.21 | 7.47 ] 1.62] 1.46 | 3.79] 5.67| 1.58 |10.98 | 4.85] 6.5 | 81.66
9.53] 3.24[11.93 | 6.27} 1.43| 1.68 | 2.561 ).88] Ls0] 7.65] 5.29| 4.286] 63.32
14.98 | 15.4914.93 | 4.53 | 5.99 | 4.33 |12.22] 4.81]| 270 4.65| 3.53| 7.70 | 95.86
} '_i_.zn ‘7.88| 9.89 | 5.63] .227] 1.91 ). 0.64| 1.911-1.03| 2.16]15.67 ]| 11. 490 | 61.67

22.59 12.15]25.41 | 7.21| 8.59 | 3.50 | 4.52| 5.53] 2.67|15.06] 6.8} 2.5¢{113.55

16.92 | 12.72] 7.91 | 770 0.93] 2.59 | 7.0¢] 3.89] 5.62| 5.17| 5.49| 5.50| 81. 48

1969 - xf.'ge 14.47| 896 | 7.25 5 41 ] 6.18 | 3.82| 4.00) 3.09] 3.92) 4.47|11.48| 84.5)
1970 6.57 | 22.42]11.03 [13.27 | 5.26 | 4.78 ]| 2.08 ] 3.26| 7.24 | 7.86 | S5.64 | 11.39 | 100.80
1971 9.57°| 4.42018.20 [13.61 ] 3.8¢ | 4.59 ] 3.57| 3.28| 4.27| 630 5.20]|17.87] 94.72
1972 138.23 | 12.07{14.36 | 8:18| 6.30 |10.69 | 4.13| 4.67) 4.15| 3.04| L.5¢| 7.14)114.50

1973 | 3.21| 8.73}

Mem (b)[11.30 | 10.92]14.47 | 9.62| 5.74| 3.92| s4.04] 3.50] 3.82| 5.91| 5.57| 8.715| 87.56
Mean (c){10.97 | 10.82{14.47 | 9.62| 5.74] 3.92 | ¢4.04} 3.50] 3.82| 5.9)| 5.57| 8.68| 87.M |

(a) Dsta Source: New Zealmnd Meteorological Service.
(b) Mean for all complete years.
(c) Mean for all monthly records svailable.
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NONTHLY RAINFALL (Cim)

STATIOR 24: KONGGA ISLAND: GUADALCANAL

Station Type: Department of Agriculture Geographical Coordinates: 160° 07°E 9° 30°'S

Data Source: Land Resources Division Altitude: 300 ft
Year Jas. | Peb. | Mar. | Apr. May Jeae | July | Aug. | Sept.§ Oct. | Nov. | Dec. | Total
1967 11.68 | 8.09
1968 16.73 13.30 6.81] 17.57] 1.0¢ 4.18/ 6.7¢ | 5.83 | 4.52 | 1.70] $.88 [13.02 | 93.34
1969 14.35] .67 7.94] 10.54] 4. 14 5.0/ 7.14 | 6.74 | 1.99 | 5.3 | 71.69 [13.42 ] 93.04
1970 3.431 29.25] 13.72] 10.13] 3.32 9.17] 2.18 | 4. !0 6.74 ) 1.51 ] €6.75 ]12.65 ]108.93
1971 14.85] 7.68} 14.67] 9.70] 2.33 4.17] 2.95] 0.29 ] 1.58 | 3.26 | 2.82 |20.0S | 8§4.35
1972 38.82] 9.43| 16.71] 8.55] 9.28 | 13.40| 3.75 | (=) 7.90({ 1.08 ] 6.02 | (a) |

Besn (b)] 12.34] 14.72] 10.78; 9.48} S$.21 5.64] 4.76 ] 4.2¢ ] 3.71 ]} 5.96| 5.78 |{14.T8 | 7. 00

17.6¢] 13.67] 1.97| 9.30] 6.02 7.02] 4.56 ] 4.2¢ | 4.55 | 4.98 ] 6.81 [13.45 [104.29

Neaa (c)

Yve

B

(8) Incomplete data for month

() Mesn for sll complete ycars

() Mean for sil monthly recurds svailable



NONTELY RAINFALL (im) - 1h5 -
STATION 8: AUKI | ISLARD: MALAITA

Station Type: District Office Geographical Coordimates: 160° 42°E &° ¢¢'S

Dats anua: ca-umuu of Aestralis Bureas of ,.cmloo(') Altiteds: <sq g
W NMetecrological Service(®

Yoar | Jea. [Peb. | mr. | dpr. | may | Jume | July | ane. | sest.| oct. | mov. | dec. | Tota [e
o 18 1235| 1.2 22| 1.m1
o109 1612 | e | 1eafsznef1znn| oo o.as] o.as|1so| e.31] 90.2¢] w2e] 129.7:
o 19| 6o asae] 17 3m| s3] s.20| ar8] 28] w00 1r37| 1.98] 15.13] ss.1e
() 1921 |25.03 | 6.3 | 21. 1| 13,08 f10.41 [12.08 | 6.90| 2.00)12.25] o8| 11.20] s.00] 138.52
o 922|162 osisal | 12| s eo] €| cofimizfisa]zes
) 1925 |19.68 |19.43 | 12904 1.91] 7.54] 9.18] 3.92] s.5¢] ass| s.79] 7.63) a.5t) 11788
o 1924 f1s62 120 | ismjuzer| 8.0 |3 e | eos| 177 e52]| 9.53| o] 100|302
o 1925 | a4 f1ne2 | 17.4n.25{ 1.53) 2.63{ 509 9.53| e.ms| 1.17]15.34] w55 urm
ko 1928 J11.70 1683 | 6.4f 5.30| 30| .31] 3.72]| 1639 s.50] e.68]| 7.02] s.00] 10258
|| ndire|vajeufen|ivs|l o]l @ | @] & '
sl @ | | d]mrsjies] v 198 ms1]1ses]| o1l 1.00]
0 1929 |37.75 (3100 . T.6817.07| 8.33]| .61 s.a1|13.73| Tae]r001]| 303] 1.05] e m1
o) 1990 [21.30 [12.45 | 1.3 4.00]10.53| 3.7 | s.95] 63| < |16.97| 298] e.07] w0551
» 1931 |18.93 10.82 | 7.3313.22| 5.8 | 4.46| w75| 9.22] s.02]| 7.00|10.02] 13.92] 11738 |
o 1932 |19.15 12.56 | 001 826|160 | 654 | 272 ] 2078 ] .68 13.23 | 15.5¢ | 12.2¢| 137,00
(2)1933 | 8.9 [13.30 | 15.22] 9.08| 7.12| s.36| 6.%0| @ | @ | sos{ 100|130
8) 1934 [13.78 [10.28 | 20.1310.51| .85 [10.04 | 3.08| 6.3¢| 9.08| 7.13] 5.73| 10.54] is2.25
0 1938 |17.25 10.00 | e} 1.15| 6| ass| 3| @ | @ | @ | @ | @ 1
1954 J10.05 |14.29 | 2112 0.95] 7.96 | 4.0 ) .03 0.28) 7.56| 1234 | 9.99 | 10.00 ) 122.77
» 1956 | 0.20 [25.98 | 20.48] T.45| 204 | 6.67| 3.70|12.42| 6.18] 7.11| s.03] 0.32| 115.78

b) 1957 {11.38 {16.95 | 9.88{12.05| 7.45 | 3.83| 5.29| 7.53 1407 7.80| 293 s 14} 108.120
) 1938 [10.27 |19.12 | 12.05{18.58 | 3.99 [14.94 | 5.66| 3.43| 0.17) 11.35| ¢ 32| 7.23| 12018
b 1959 110.54 [14.74 | 14.57] .05 | 8.25 [11.00 | 8.00 [13.66 [1219] S.e1| 445|113 | 122,58

®) 1960 | 8.38 J11.04 | 15.06] 9.99 | 416 | 6.48|15.73| 6.99| 1.04| 5.04] 7.0 é%e| 11003
» 1961 |12.08 J10.50 | 15.73] 1.07| 6.23 ] 4.79 |15.37] 9.02]|25.20]| 10.98 |12.00 | s.95 [138.90 |
» 1532 | 9.96 |20.99 | 17.93{10.18 | 8.10 | «.11 ]| 7.74] T.61| 842| 7.56 |10.90 | 22.97 | 135.70
» 1963 {11.00 | 6.27 | 17.19) 7.71 ] 4.23 | 7.0 | 095 | 10.48|12.10]19.48}10.21 | & 10]122.¢7

8) 1964 115.93 116.98 | 17.78]12.62 | 3.02 | 6.14 | .62 | T.08| 7.32] 9.25| 8.T7 | 7.62|127.93
s) 1963 115.47 [11.25 ﬂ.“H 8.92] 9.68 | 7.76 |19.94 | 12.56 [ 10.17| 8.30| 4.38 {10.%0 [ 143.62
1968

) 4.67 13.35 | 15.44] 5.25 | 9.77 | 7.08 | 5.19] 6.51 ]| 5. 38 8.04 | 13.77 | 13.99 | 100.0¢
) 1967 |19.83 [18.79 | 22.77) 7.93 |14.27 | 9.00 | 5.50 16.50} 6.17| 9.57 [15.05 | ¢.97 | 155.44
8) 1968 |28.94 [20.45 | 33.70] 5.14 | 6.22 | 5.26 |14.81 | S.88 | 0.2¢4| 6.23 | 7.76 | 27.43 | 151.08
a) 1969 [13.54 rlj_._'l 0.24] 9.08 | 9.68 [11.16 |14.74134.21 | 8.05] 9.29 | 3.13 |11.06 | 128.94

8) 1970 7.“:%11.1,.249_3.41_ 10.12 | 3.78 ] 8. 16 | 6.69 | 9.26 | 14.63 | 9.08 | 20.61 |178.02] -
(8) 1971 | 16.96 |15.49 [ 22.84 | 10.12] 9.36| 4.80] 5.67] 11.51]| 9.69] 10.76] 7.91 | 26.04] 152.1S

(®) 1972126.38 { 7.04 113.73] ¢6.11]16.99 115,60]| 6.09] 4.56) 5.90] S5.57)s5.60 | @.94] 122.62
8) 1973 | 13.01 | 16.06

(£) ] 15.27 |15.50 |15.20 | 11.24| 7.56 | 7.44] 8.33] 9.24| 9.12| 9.50| 8.41 | 11.79} 128.70
(6) |14.99 |15.37 |14.95 | 11. 43| 8.08] 7.60| 6.13] 9.42] 9.28| 9.27(06.89 | 11.47] 128,09

(c) Commonawesith of Australis Buress of Meteorology gives estimated [igure.
(d) No record availsble.

(o) There is conflicting source dats for this sonth.

(€3 Mesa (or all complete yesrs.

7oy Maen far all mmthiv rernrds available.
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RONTELY RAINFALL (im)

JSLAND: SAR CRISTOSAL

Geographical Coordinstes: 161° 55°E 10° 27°S

Date Sowrce: Commoaweslith of Awstralia Dureau of Meteorology Altitude: <30 ft
Year Jen. | Peb. | War. | Apr. ey | Juse | July| Mug. | Sept.] Oct. } Nov. | Dec. | Total
1919 113.62] 2.43] 7.25] 8.41] 0.34]13.44] 5.52] 11.95] 22.74| 11.76| 11.68] 3.18]| 120.32
1920 4.04 |18.28 | 7.12] 7.81]15.19] 5.9 2.02] o.538] S5.72] s5.62( 12.62] (o)
1921 |12.04] S.43]22.38[3¢4.44] 14.05] 22,03 11.50] 6.81] 18.24] 3.01} 10.03] ¢.59]| 168.15
1922 13.92 121.90 [12.30 {19.14] 8.50 J 1S.6213.77] 14.57] 7.89] 20.93] 6.78] 4.53] 160.0¢
1923 17.62 117.26 | 20.98 | 9.12] (=) (s) (a) (s} (s) (s) (a) ()
1924 (s) () () (a) (a) (n) (a) ] 21.47] 16.19] 10.7S] $.2¢4] 10. 99
1928 13.2¢ 1 (m) (n) () 9.10] 17.55]1 (=) (a) (a) () (=) (s)
1928 (n) (a) () 9.97] 1.2¢] 7.52] 4.12]120.33] 14.41] (a) ] 15.10] 0.22
1927 IS.'M‘ $0.39 1 16.60 1 10.63-] 12.81( 14.56| 5.34] 11.87] 16.80} 12.37] 6.98] 10.08| 1¢44.24
1928 3.02]14.49] 7.38)] 3.39]10.45]10.13] ¢.96] 16.97| 12.04] 9.18] 21.98} 9.27] 130.2¢
1929 |20.51 [16.78| 7.40]13.25] €.38[10.02} 12.59] 22.92| 171.75| s.08| 3.71] s5.78] 135.13
1930 9.23] 7.46] 4.89) 1.97] 7.85! 8. 77| 6.93) 5.31] 3.79] 7.02] 1.59]| sS.e¢] 70.15
1931 7.38 |10.52] 8.20 | 14.51] 9.90| 4.93] 6.86] 3.55] 6.53] 8.42] 3.85] 2¢.10} 108.73
1932 16.56 | 13.80] 5.96] 5.82112.1¢| 6.36| 16.87] 22.20| 11.90] 11.20| 11.11] 9.60{ 143.52
1964 (s) (a) (s) (s) () (s) ) (a) (s) (s) 3.98] (a)
1965 |16.37 |13.56 |15.55] s.19] 15.60} 19.70| 29.26 | 20.28| 12.10| 16.64| s.11]| 23.99] 196.33
1968 6.51 J17.19 |10.97]12.31] 14.29| 6.62| 0.98] 6.10] 6.23] 5.46( 15.43] 19.91] 121.02
1967 [19.64 [11.71126.31] 0.36]| 14.4714.90] 7.16| 27 06| 8.67| 20.95] ©.29] 15.09| 184.41
1968 28.33 |14.94 | T.68]22.56] 6.65] 4.68| 13.48! 6.16] 11.88] 11.02| 8.98] 11.65] 147.97
1969 20.30 {15.33 117.13116.7¢4] 10.23 | 17.75 | 19.53] 18.20] 12.686| 12.36| 4.58] 9.47] 174.28
1970 6.18f 7.30 [10.1910.50] 14.04 | 16.44 ] 22.29{ 271.77| s.08| 13.81] 7.87] s.69] 152.83
1971 17.67 |11.39]30.13 | 23.18] 6.70] 9.57] 7.62] 13.51] 14.57| 6.32] 9.4 16.90| 167.02
1912 16.70 {10.20 | 16.13 { 13.04 ] 18.00] 10.64] 10.52] S.11] 3.16] 35.29] 5.53] s.95} 123. 77
1913 4.4 4.73
Mean (D) | 14.24 [13.24 | 14.44 | 13.47] 10.78 ] 12.24] 11.67] 14.73] 11.38] 11.16] 8.47{ 11.39]| 147.19
Mesn (C) | 14.30 [13.01  14.48 ] 12.77] 10.80 ] 11.87] 10.70] 14.16] 11.06] 10.75] $.76] 11.23]| 143.89
(8) No record availsbie

(d) Mean for all complete years
(c) Mean for sll monthly records available
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STATION 61: TASIA.
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NONTHLY RAINFALL

ISLAND: SANTA ISABERL

Station Type: Mission - ‘Geographical Coordinates: 159° 37'E 8° 08's
Data Sowrce: Departmest of Agriculturs - . Altitude: <10 ft
Yoor [Jen. [Pev. |mar. | ape. | may | Jume | July | amg. [ Sepe.| oct. | Mov. | Dec. | Total
101 | - » ] - | s.62| 9.90]| 14.83] 20.25] 3.94| 0.68
1958 | s.e1| s08|1.09|13.50] 5.55| 2.19]13a5] 63| M| | » | ™
18 [ [ [ | ™| o | o [ 74520052820 9.10] 16.64] 18.17
1960 [18.18 |25.00 |23.28 |14.37| .54 |10.90(20.31] .34 11.84 16.42] 6.05| 10.08] 177.38
T8 1167 | 1.22] 7.20 | 12.08 | 16.31 | 9.28|14.92] -9.28| 15.39] 11.49) 23.60] 6.33] 145.13
1962 | .77 [13.18 | 9.09 [22.85] 15.78 [ 13.68 | 10.95]| 13.88 9.04| 11.22{ 15.11] 2¢.48] 100.01
1963 | 8.02 [11.15 [26.26 [12.33] 18.15 [ 13.03| 6.33] 16.49] 16.38| 15.85) 13.99| 18.55] t7¢.53
196¢ | 9.28 | 7.35 |15.57 |15.50 | 16.12 | 10.47| Z2.08 | 14.65] 15.1%] 14.05] 11.69| 5.57 163.3
" 1965 |14.40 {11.39 [12.93 | 6.14 ]| 16.54 | 16.19 | 29.00| 11.18] 15.72| 14.77| s5.79] 15.83] 190.50
1968 | (0 [15.50[13.99] 7.28]|19.36 |15.58 | 11.95{ 10.01] s.03| 8.78| Z5.02| 10207 .
1967_{15.76 |15.74 {29,968 6.82]15.31 | 12.13} 13.65 18.13| 5.0¢] 14.29] 21.74| s.08) 188.75) -
1968 |17.25 [15.70 [11.52 | 14,08 | 4.56| 9.05]16.44] 10.35] 10.90} 6.64| 11.81] .35 133.¢3]
1970 | (») |11.76 |14.02 | 27.00 ]| 12.48 | 13.33 | 13.73| 11.22] 0.28] 9.31| 9.36] 13.33] :
t (e |13.08 |12.0¢ [10.73 {13.33 | 13.91 | 11.92| 47.43D12.28] 12. 43| 13.00] 14.07] 13.10] 160 07| T
(¢) |12.25 |12.70 | 15.80 Pre.11 | 13.43 | 12.01 | 25.05 '12.37] 13.32) 12.68 14.47] 13.17] 161.36
. PSR Y -3 .
¥ . . . < 4 K]
P e .. -

insen———

(s) Iscomplete dats for month

() No vecord available .
(c) Neam for all complete years
(d) Neas for «ll momthly records svailable
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APPENDIX E - DRAPT TERMS OF REFERENCE

Technical Assistance to the Government of the Solomon Islands

in Small and Mini-Hydro Development

Background

The Government of the Solomon Islands is embarking on a programme
of development of small and mini-hydropower projects which
substitute the use of imported diesel fuel in existing electricity
supply systems. With the exception of 3 micro-hydro projects of
up to 30 kW, there are no hydropower plants operating at present
in the Solomons and potential schemes are generally at the very
early stages of study and design.

In March 1986 UNIDO funded a mission to study potential hydropower
schemes in the Solomons, discuss priorities with the government
and recommended further action to be taken. A draft final report
was completed in .July 1986 which recommended 4 projects for
immediate development:

1. Komarindi Project for Honiara ( 6 MW, 28 million SIS)
2. Kwaibala Project for Auki (100 kW, 0.64 million SIS)
3. Huro Project for Kira Kira (100 kW, 0.59 million SI$§)
4, Jejevo Project for Buala (100 kW, 0.49 million SIS)

At the same time UNDP agreed to fund the position of hydropower
projects manager in the Ministry of Natural Resources for a period
of one year with possible continuation. The position is described
in the annexed job description and recruiting has commenced with a
view to an appointment late in 1986. At the time of writing of
the hyropower managers job description, the Komarindi project had
not been identified. It has since become apparent that much of
the hydropower projects managers time will be occupied with
preparations for this more important larger project. Consequently
he will require the services of consulting engineers to carry out
the design of the 3 mini~hydso projects (2 ~ 4 above) and provide
training of Solomon Islands counterparts during the study and
design of these 3 pilot projects.
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The present technical assistance proposal is intended to provide
training for the Solomon Islands Governments own staff in
identifying, studying, designing and financing hydropower
projects, starting with the 3 mini-hydro projects listed above (2
- 4). The hydropower projects manager funded by UNDP will
supervise and coordinate all work on these 3 projects on behalf of
the Solomon Islands Government, in addition to his duties
regarding the Komarindi project. The consulting firm to be
appointed under these terms of reference for technical assistance
is to be responsible to the hydropower projects manager for '
training of Solomon Islands counterparts in various disciplines
related to hydropower planning and design while undergoing the
actual study, design and document preparation for the 3 afore-
mentioned mini-hydro projects.

Objective

The objective is to instruct Solomon Islands counterpart staff in
planning, design, report preparation and administration of
mini-hydro projects by leading them throuéh these procedures for
three 100 kW pilot schemes - one each for the provincial centres
of Auki, Kira Kira and Buala. During all stages of work extensive
training will be given in the following:

- surveying and mapping related to mini-hydro projects

- design and preparation of construction drawings

- checking and analysis of hydrological data

- power production calculations and choice of turbine

- design and specification of generating equipment

- electrical engineering and control equipment

- project optimisation and economic analysis

- preparation of feasibility reports and applications
for finance

- tendering and contract negotiation
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The overall objective is to train Solomon Islands staff to
continue with planning and design of further mini-hydro projects
with a minimum of external assistance, while at the same time
proceeding with useful pilot mini-hydro projects for demonstration

purposes.

This will also prepare the Solomon Islands Government for the more
demanding task of coordinating the study, design and construction
of the larger Komarindi project to be carried out by international
consultants and contractors.

Timin

The technical assistance period is estimated to be 1 year or more,
commencing with the appointment of the hydropower projects manager
and continuing until the three mini-hydro projects are financed

and contracts for construction work are signed.

Requirements of the Consultant

A consulting firm with considerable experience in the design and
construction of mini-hydro projects will be appointed to provide
technical assistance in carrying out the work. The consultants
experience must cover the full range of disciplines involved in
hydropower engineering, including but not limited to the
following:

(i) surveying and mapping

(ii) civil engineering

(iii) hydrology and power production calculations

(iv) hydraulics and design of river and canal structures
(v) foundation engineering (rock and soil mechanics)

(vi) design of mechanical and electrical equipment

(vii) electrical engineering and control systems

(viii) economic and financial analysis and report preparation
(ix) tender and contract procedures
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The consulting firm/contractor will be fully responsible for the technical quality
of the design and document production for the three mini-hydro
plants and for all work carried out under his supervision.

The consulting firm/contractor will be called upon to provide tecknical expertise
in any discipline relevant to the three pilot projects at a
suitable time as decided by the hydropower projects manager. The
specific experts and rates for their services will be agreed
beforehand but the timing of their visit will be determined by
project progress and cannot be accurately predicted in advance.

It is intended that the consulting firm/contractor provides 2 or 3 experienced
engineers as field consultants to the Solomon Islands to carry out
on-the-job training of counterparts while proceeding with study
and design work. These engineers should have all-round experience
in mini-hydro development and might be typically from the
following disciplines:

(i) hydrology and hydraulics engineer
(ii) civil engineer (low-cost construction techniques)
(iii) electrical and mechanical engineer

They could each be sent at different times according to the
progress of the work and the availability of suitable
counterparts, or simultaneously as a team if preferred. Each
consultant may be required for about 1 - 2 months to complete the
training and his part of the work on the 3 mini-hydro projects.

If the project budget allows, it might be possible for the
counterparts to spend some time in the consultants home office
gaining experience from design of projects in other countries and
viewing actual hydropower projects under construction and in
operation.
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The consulting firm/contractor must alsc be prepared to providc back-up services
for their field consultants as and when required. This may take
the form of additional expertise, specialist calculations,
computing and other facilities which cannot be obtained in the

Solomon Islands.

Each field consultant must have full proficiency in the English
language in order to provide adequate instruction for their

respective counterparts.
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LOCATION

GENERAL

.
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AnneX

JOB DESCRIPTIOR

HYDROPOWER PROJECTS MANAGER

Energy Section, Geology pivision, Ministry of
Hatural Resources, Honliara, Solomon Islands.

The position requires a professlonal-engineetlng
degree, some project managenent experience,
familiarity with design and construction of
mini-hydroelectric schemes, proven
administrative skills, and willingness to work
in remote and rugged parts of the country.

OVERALL OBJECTIVES:

DUTIES:

General

Specific:

To review and co-ordinate hydropovert development
in the solomon Islands, and to design and
fnitiate implementation of mini-hydro schemes
for three provincial centres,

Review previous studies and existing micro-
hydro schemes.

Identify other viable mini-hydro schemes.

Prepare progress and end-of-job reporkts to
Government, aid organisations and lending
institutions as required.

Prepare an outline of a training system to
achieve localisation of the hydropover
projects manager post by the end of 19960.

Commence counterpart training in the planning,
study, design and administration of small and
mini hydropower projects.

Inspect potential small hydro sites (1-4 MW) on
Guadalcanal suitable for supplying Honmiara.

Co-ordinate data collection for high priority
sites for Honiara in preparation for &
feasibility study, including preparation of
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teras cf reference.

- Discuss with potential donors the possibility
of funding a feasibility study of premising »
. projects for Honlara and prepare appropriate
documentation/proposals for their review.

- Survey potential sites for mini-hydro schemes
(100-400 kW) in the provinces, and carry out
design work for the most suitable site near
each of three provincial centres: Aukli, Kira
Kira, and Buala.

-~ Write a design and feasibility report for these
three mini-hydro projects.

- Draw up development proposals and seek funding
for the construction of approved mini-hydro
schemes from various aid organisatioms and
lending institutions.

- supervise the preparation of tender documents
and specifications and oversee the awarding of
contracts.

-~ 1liaise with authorities and o:éanisations as
required to facilitate successful
implementation of the schemes.

TERM: One year initially (1986-1987) with possibility
of extension.

RESPONSIBLE FOR:
Staff as assigned.

RESPONSIBLE TO: The Chief Geologist, Ministry of Natural
Resources. Will work closely with the
National Energy Planner.

FUNCTIONAL RELATIONSHIPS: -

The staff member will form working relationships as
required with the following: v

- Solomon Islands Electricity Authority.
~ Ministry of Economic Planning.

~ Ministry of Finance.

- Ministry of Foreign Affairs
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- Ministry of Transportation, Works and gtilities.
- Provincial Governments.

- Ald Organisations and/or Lending Institutions.

- Land Owners.

- Scheme Beneficlaries,

- Construction Contractors and arivate industry in
the Solomon Islands.

FURTHER BACKGROUND:

The Solomon Islands, a country of 30,000 k=2 and 250,000
people, has large but generally unassessed hydro potential.
#ydrological {nvestigations are now undervay. External atd
will be earmarked for three mini-hydro schemes
(approximately 100 kW each) and later for all hydro schemes
of 1-4 MW. The availability of funds will be largely
dependent upon the performance of the hydro power projects
manager. The Jjou 7i11 be challenging and stimulating.
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PHOTO 2 - Komarindi tailrace looking south west
(surface power station or tunnel outlet probably sited behind helicopter)
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PHOTO 3 - View of Ohe River (right) and Komarindi River
(left) with power station site visible on the
’ bend furthest from view (see photo 2)






