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PREFACE

In response to a request from the government of the Republic of Fiji, the
Government of Japan decided to conduct a study on Groundwater Development in North
Viti Levu in the Republic of Fiji and entrusted the study to the Japan International
Cooperation Agency (JICA).

JICA seﬁt to Fiji a study team headed by Dr. Noboru Miyamoto Nippon Koei
Co., Ltd. 5 times between June, 1993 and May, 1995.

The team held discussions with the officials concerned of the Government of Fiji,
and conducted field surveys at the study area. After the team returned to Japan, further

studies were made and present report was prepared.

I hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

_ I wish to express my sincere appreciation to the officials concerned of the
Government of Fiji for their close cooperation extended to the teamn.

May, 1995

Kimio Fujita
~President
Japan International Cooperation Agency







May, 1995
Mr. Kimio Fuyjita

President,
Japan Intemnational Cooperation Agency
Tokyo, Japan
LETTER OF TRANSMITTAL
Dear Sir,

We have the pleasure of submitting to you the Final Report of "The Study on
Groundwater Development in North Viti Levu in the Republic of Fiji", in accordance
with the Scope of Work agreed upon between the Ministry of Land and Mineral
Resources and Japan International Cooperation Agency. The study was carried out for a
total period of 24 months from June, 1993 to May, 1995, aiming to evaluate groundwalter
development potential and to formulate water supply plan in the northemn area of Viti
Levu. :

_ This report consists of four volumes. The Executive Summary contains the

summary of the study result. The Main Report presents the evaluation of groundwater

" resources and the formulation of water supply plan. The Supporting Report describes the

analysis and discussion of hydrogeology, water use, population projection and water
demand. The Data Book contains the basic data of the study.

As the result of the scientific study on groundwater resources in the consolidated
rock masses underlying the study area, groundwater development potential is locally
_ available but not for the whole area. The water supply schemes were formulated in the
limited areas with the groundwater development potential aiming enhancement of the
living standard of inhabitants. The study team sincerely hopes that the study result would
contribute to the future water supply plan in North Viti Levu.

We wish to express our deep appreciation and gratitude to the personnel
concemed of your Agency and Office in Fiji, the Embassy of Japan in the Republic of

- Fiji, as well as officials concerned of the Government of Fiji.

Sincerely yours,
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PR THE STUDY oN GROUNDWATER DEVELOPMENT
® N NORTH vm LEVU IN THE REPUBLIC OF FIJI

B ‘Study period: June 1993 - May 1995

Counterpart agency Ministry of Lands,
. Mineral Resources and Energy

" SUMMARY
1 3.A’CK'GRQUND." =

::nnce the uromr areas’in the Study Area depend mamly on rivers for their water

o supply, senous water shortage problems repeatedly occur in the dry season. Even in

rural areas, by the end of the dry season, water i$ occasionally unobtainable from

o 'creeks and spnngs Therefore, groundwater development is urgently requrred for the

7 urban and rural areas where, at present, water supply facilities are in poor condition and
o ) su_r_face _water source_capacrtres are 1nadequate and unreli able.

' 5 Ly Even though water saturation’ of the volcamc sediments which overhe the

‘ "~ northern part of the 1sland is relattvely high, groundwater seems to quickly drain off

i - 1nto the sed because the mountams are so close to the coastline with only narrow plains

= between them Groundwater development in this area is not an easy task because of

-'-__:,'_-these topographlc and geologtc ‘conditions. - Therefore, groundwater development
e "ftechmcal assrstance from techmcally developed countries is eagerly desired.

OBJ ECTIV ES

_ _he'objecttve of the Study is to evaluate groundwater resources potential and
o forrnulate the groundwater development plan for adequate, reliable and safe water
oo ___suppiy in the north Vm bevu covenng l 567 km2, '

GROUNDWATER RESOURCES EVALUATION

':-'-':f'_Groundwater Resources Potenttal

e Study Area is dlvrded mto 13 groundwater regions as seen in Fig. 2, based
i their hydrog L logrcal charactensucs lt is consrdered that one of the factors of

acrty of common boreholes such as test wells Transmrssrvrty and water -




quallty are also taken into consnderatlon It is not feasnble 0 develop areas wnth poor _ ._
potenUal but med:um and exoellent potemlal regnons anc possnbie to be developcd. The - . - 1
areasaresummanzed below: o : : L o Cn e

' :Groundwatér'region g

’l‘ransmlssthy Well ywld Conductmty Potentlal :'

(m2/day) (l/sec) - (MS/cm)

13,
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groundwater resources evaluauon



. Unit: m3/day

_ — : "lP'lah_.l'. T -Plan2 |
Twoos S
o '_GWOBS o : 1'1'5_ o _1'15'
..".f"‘_"i‘-‘iflProposed well e 150
_ Totl 2_8_7? AR a2

4 WATER SUPPLY DEVELOPMENT PLAN
B Prmciple of Development

1) The proposed eommunmes to recewe water supply from the groundwater
_ i o -_.--_development plan are selected from the areas with an 1nadequate water supply.
S and 1dent1ﬁed groundwater development potential;

. s : "'__25)_'.?‘. The scale of the proposed plan is determmed by the possible pumping rate of
A T ey :the productron wells wrthout causmg envrronmenta] impact, and

The productlon\wells for the proposed schemes are selected in pnncrple from
" ‘the exrstmg test wells dnlled by Japan Internauonal (,00perat10ﬂ Agency
e "(JICA) of the Mmeral Resources Department (MRD) which had been
N E ::_conﬁrmed o produce sufﬁcrent groundwater for the formulation of the
EN 'proposed water supply plan

Waterr Demand Projectlon i ks

-::1) Present‘.Water Consumptlon In 1991 the water consumptron for domestic
'.fuse was, estlmated o be 6, 510 m3/day for 49,122 inhabitants in the three
"exrstmg regronal water supply systems (Ba, Tavua, and Rakrrakr) of the
Publlc Works Department (PWD) These regional systems supply water to
;;about 50 % of the mhabrtants in the Study Area: The present per capita
" ;'consumptron for domestrc use in the areas with the water supply systems
: was-inferred as 140 lpcd in Ba area and 120 Iped in other areas.

:f‘;_Domestrc'Water Demand Pro;ectlon Refemng to the ex1st1ng design
manual 160'1pcd 1s uuhzed m areas wrth a reglonal water’ supply system _



o schemes is shown below

except the Ba urban area, 200 lpcd was adopted m the Ba urban area In o : _: _: .
. areas wrthout a reglonal water supply system, 80 lpcd was adopted for :' S ': o 1
.domesttc demand obtamed by mtervrew survey o PR

3 Water Demands m 1991 and 201 1 in the Study Area are summanzed below

R 1991 2011

Wrth regronal water Supply 6 5100 R :
 Without regional water supply 3,990 *_f_% 6 290
Commermal use S e 1740

o '-Water' 'Su'pp_ly-._ Develt)_pmen_tj,'_;_l'tan' ofPrmrtty Schemes :': A

: A summary of the pnncrpal features and co"" tructto i

Vutunl Creek Vatuyaka g

E Serv1ce populatlon in 2011
B -PrOJeeted water demand in 2011 (m3/day) 5
Water source welI (Test well No )
Well ylelds (lfsec) .
Pumping time (hour/day) A
Diameter of transmlssmn pipe (mm) S
Volume of servrce reservmr (m3) -

Constructton costs (F$)* S

3 *; Wrthouttheconstruqtt_on_of._a_ Aler. §



The Economlc Intemal Rate of Retum (EIRR) of the three pnonty schemes are

hsted below
8 = Nameof Scheme :' o '.'V_u'tuni:‘CIeek "~ Vatuyaka Rabulu
I Tt "'.3'_CQMunity | Expansion Expansion
Ll _ ~ Schéme. ‘Scheme  Scheme
CERR(%) . 261 125 13.83

. The Vutum Creek commumty scheme mdrcates a low EIRR of 2 62 %, which is

- -"economlcally not feasrble However, the annual benefit exceeds the annual O&M cost.

' ':Thls .means’ that the operatlon and management of the water supply system by the
' commumty w1ll be possnble 1f the construction cost is excluded '

The Vatuyaka expans1on scheme shows alow EIRR of 1.25 % and is financially

i '_negatlve The Rabulu expansron scheme achieves a comparatively high EIRR of

: : 13 83 %, whrch is economlcally feambrl;ty, but this scheme indicates a negative
. meanCIal Intemai Rate of Return’ (FIRR) i.e. not financially viable. However, it is
BER R '_noted that both schemes wﬂl be promoted as an expansion of the existing regional water
Ry "'-supply systems and that the operat:on of the pro;ect will be economically possible after

" its completlon because the annual economtc benefit in both schemes exceeds the annual

= O&M cost. '

6 RECOMMENDATIONS

1) 'I‘he majonty of households in the areas covered by the three priority schemes
e spend a lot of time fetchmg the1r daily domestic water, due to a serious
_ i contmual water shortage problem Therefore, realization of these schemes is
i 'expected to have a falr effect on soc1al and environmental improvement, even

ok ::'though the economrc effect is low. ‘These schemes are not financially viable.
-However. the operatron of the water supply system is economically possible,
.:jbecause economlc annual beneﬁt exceeds the economlc annual operation and
. mamtenance cost Consequently, 1t is recommended that the three proposed '
"""ty water supply development schemes be urgently 1mplemented
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1. ':INTR_O‘I‘JUC_T;I:ON.
1.1 Background

. This report describes the results of the study on groundwater development in
North Viti Levu in the Republic of Fiji.

The Study Area is located in the northern coastal zone of Viti Levu covering an
area of 1,567 km? with a population of about 98,000.

There are three regional water supply systems eovering Ba, Tavua, and Rakiraki
urban areas. These systems supply water to about 50% of the inhabitants in the Study
Area. The remaining 50% depend on water from pnvate wells and rain water collection
tanks, Sprlngs and creeks prov1de the water sources for people living in mountainous
areas.

Since the urban areas in the Study Area depend mainly on rivers for their water
supply, : senous water shortage problems repeatedly occur in the dry season. Even in
' rural areas, by the end of the dry season, water is occasionally unobtainable from
creeks and springs.

Therefore, groundwater development is urgently required for urban and rural
areas where, at present, water supply facilities are in poor condition and surface water
source capacities are inadequate and unreliable.

Groundwater is one of the resources for water supply, though its development in
thls area is not an easy task because of the topographic and geologic conditions.
Therefore, techmcal assrstance on groundwater development from technically
deyelop_ed_coun_mes is eagerly desned.

The Government of Fux considers that an adequate, reliable, and safe water
_ supply by solving the repeated water shortage problems is one of the most important
targets of the National Development Plan (Policies and Strategies for the Second and
© Medium Tenn) before the year 2000,

Thus, smce ‘1989, the Govemment of Fiji has requested that the Government of
' Japan provides technical asswtance to groundwater development in the northern part of
Vm Levu In response to the official request from the Government of Fiji in June
1992, Japan International Cooperation Agency (JICA) dispatched a Preparatory Study

‘Team to prepere a Scope of Works (S/W) for groundwater development in North Viti
“Levu. : o



The Scope of Works was signed between the Minister for Lands and Mineral

Resources and the Leader of JICA's Preparatory Team on December 14, 1992,

1.2 The Scope of Works -

“The objective of the Study is to evaluate groundwater resources potential and

formulate a groundwater development plan for adequate:r'el'iable and safe water supply
in north Viti Levu. ' o

~ The project period was selected as 24 miioiths and was divided into three 'pha's'e:'s

which will essentially cover the following items. .

:

Phase 1 (June 1993 - November 1993)

"' Review and analysis of previous studies and existing data

* - 'Pirst field investigation concerning geology, geophiysical prospecting, and

> |
S Second field mvestlgatron covenng fest well dnlhng, and hYdFOIOg'Cfﬂ 3“31YS1S
L Study and analysm : C "

@

environmental aspects, survey on conditions of water utilization and demand

Phase 2 (November 1993 August 1994)

Phase 3 (September 1994 - May 1995)
- Groundwater development planmng

- Water supply system planmng

- - Report

_ B In order to perform the above works JICA orgamzed and’ dlspatched to the
‘project site a Study Team of 15 Japanese engmeers of respectlve engmeenng fields.

They have conducted their dutles in cooperatron wrth the coumerpart team formed by
engineers from the Mineral Resources Department (MRD) and the Pubhc Works.
Department (PWD) of the Government of Fn_n : : '




2. STUDY AREA
2.1 Location and Topography

The Study Area is located in the northern coastal zone of Viti Levu and is
bounded by the southern watershed, the northern coast, the watershed of the Penang
river on the west, and the eastern end of the Lautoka water supply system on the west,
and covers an area of 1,567 km2 The admlmstratlon of the Study Area stretches over
Ba and Ra provinces in the Westem Dwrsron where Ba, Tavua and Rak1rak1 are the
major fowns,

"‘The Study area consists of steep and moderately steep mountains in the south
occupying 1,107 km?2, or 70.5% of the whole Study Area, low hills extendmg from the
-skirt of the mountains lower than 100 meters in elevation, and flat lands of terrace and
alluvial plains along the lower reaches of the rivers and the coastal zone.

_ Plateaus occur locally in the hlgher area of the mountains, Talus slopes and mter
mountamous basins are partly found at the foot of the mountainous slopes.

'l'he majon’ty of inhabitants live in the low hills and flat lands totaling 366 km2, or
23.4% of the Study Area. '

2, 2 Chmate

The Study ‘Atea is located in the dry zone of Viti Levu, with an average rainfall
varymg from 1,800 to 3,000 mm. Based on the monthly rainfall patiern, the rainy
~ $eason oceurs be'tWeen December and April. The monthly rainfall, especially from
January to March at the rainy season peak reaches 300to0 500 mm. The total amount
of ramfall which .occurs over these three months is about 50% of the total annual
rainfail. The dry season continues from May to October, and the monthly rainfall i in
this penod decreases to less than 100 mm.

'I'he seasonal vanatron of the average temperature ranges from 24 °C to 27 °C in
the ﬂat lands. The average daily maximum temperature is 32.4 °C, while the average
darly mlmmum temperature is 17 °C.

_ 23 I.andUse

Land use depends on the land form. Forest and grassy areas occupy 1,051 km2
. or 67, 1% of the Study Area, extendmg chiefly on the slopes of the steep and
moderately steep rnountams Sugar cane ﬁelds and pastures are spread on low hlllS and

..-3 -.- .



- flat lands, occupying 478 km?2, or 30.5% of the Study Area. The urban areas are also

located on the flat lands with an area of 7.7 km2, or 0.5% of the: Study Atea. The"

remaining area of 29 km2 or 1.3% of the Study Area is unused because of rock
outcrops and river beds.

2.4 Socio-economy .

The populatron of Fiji. was estrmated at 749 481 in 1991 based on the 1986:
census and the growth rates. Flle GDP at current pnces ‘amounted to F$ 1,995 |
million in 1991, an increase at an average ‘annual rate of 8.1% from F$1 329 iti 1987,
The per capita GDP also grew at a high annual rate of 7.4% on average during the same”

period and amounted 1o F$2,365in 1991,

Agnculture rncludrng sugar cane, forestry and ﬁshrng 1s the major economlc '

sector of F1]1

The populatron of the Study Area was estlmated to be 98, 936 in 1991 under the

_ assumptron of a hrgh vanant of growth rate 19 673 mhabttants lwe in the urban area

and 79, 263 in the rural area

2.5 'Present Water Use |

~ PWD, the govemment agency responsrble for water supply, has three- prped water
supply systems in the Study Area, Ba, Tavua / Vatukoula, and Rakiraki regronal water

supply systems, supplymg ‘water to 49 118 1nhab1tants, in urban areas and their
v1c1ntt1es : o '

| The potable water for these systems 1s denved chleﬂy from surface water sources "
and a mmor part of the Ba regronal water supply system 1s supphed from four tube' ,

' wells

~ In addition to the regional ‘water supply systems,. some ‘communities: have. -
established their own plped water supply systems, 80 called communal water supply L
systems, where water supply fac111t1es 1nclud1ng boreholes have been pnvately_.-

constructed

- Other than the reglonal and communal water supply systems there are tWwo prped' o o
- water supply systems owned by Fnr Sugar Cooperatlon (FSC) in Ba and Raktrakr, and

MR Dayal 4] Ba. . ,-'_':";_:::_ i bersies i TR SURL e g

In non semce areas, dug wells tube wells, ramwater storage'anks, and nverl .

| creek water are the main sources of water supplye




In the dry season, many communities, even in the semce area face watcr shortage
problems and emergency water is often supplied. '

A total of 521 existing wells are registered in the well inventory. 472 boreholes
and 37 dug wells are pnvately built, 11 boreholes are owned by PWD, and 10
boreholes are dnlled for test by MRD However 101 are in disuse because of poor
productlon of water or msufﬁment mamtenance of the pumps. '

~ The standard private ‘borehole usually runs for several hours per day with a
discharge rate of 0.3 to 0.8 I/sec. The estimated amount of pumped groundwater
reaches 340,000 m3 per year in total. The annual abstraction amount of groundwater
from PWD's four producnon boreholes was estlmated to be 117,365 m3, or less than
4% of the whole supply of the Ba reglonal water supply system. A total of
457,000 m3 of groundwater is abstracted in a year.



3 HYDROGEOLOGY
3.1 . General Geology and Structure

The mountamous areas and low undulattng hllls are underlatn by consohdated'
pyroclasuc rocks and lava formed in the Mio- Phocene partly mtercalated w1th"

sedlmentary rocks of sandstone, mudstone, and tuff beds Alluvual depos:ts extst on

the river beds and in the coastal area,covermg .:these volcanic rocks.. The |
hydrogeological map of the Study Area is shown in Fig'ure L. '

: The pyroclasttc rocks show a vanety of products from volcamc actmty dunng the
MlO Phocene These are basaltlc and andesmc lavas and thelr brecc1a Wthh are well ‘
consouaated ' ' ' ' ' '

" Tuffaceous sandstone, mudstone and tuff beds occur wi_dely at the middle reaches

of the Ba river and partly in other areas. They.ar_e commonly composed of a series of a
hard sandstone beds of 0.5 m in thickness with thin layers of siltstones and mudstones. ':

. The bedding planes of the rocks dip gently at around 10" in various directions. Cracks,
of about 50 cm in size showing rectangular shape have developed in the weathered -
B outcrops of sandstone. ' ' '

Unconsolldated alluv1a1 deposits occur chiefly on the river bed and i in the coastal
plain, Terrace and river bed deposus are mostly unconsohdated gravel, however,
clayey materials are common in their matrix. The alluvial sediments along the coastal
zone are formed by unconsolidated soft clay deposited in a shallow bay.

Lineaments were i.nterpreted from aerial photographs even though exi'stence ofa.
great fault zone was not known, Thelr remarkable directions are E- W and NE- SW in
the middle reaches of the Ba nver NW- SE and NE-SW in the upper reaches of the Ba
river, NW-SE and NWW-SEE in the western part of Ba town, E-W, NE-SW, NWW-

SEE and NEE-SWW in the area of Vatukoula and NWW- SEE, NEE-SWW and NW-

- SE in the area of Raklrakt

~ These lmeaments are consrdered to 1engthen due 1o faults, fractured zones, and/or ‘
intercalated soft beds. ' '

Because the pyroclastlc rocks and the mtercalated beds of the Mro Phocene series E e

are well consolidated, it is naturally conmdered that groundwater occurs m the open ‘
fractures chleﬂy controlled by these lmeaments '




- Acaldera structure is also located in the upper reaches of the Nasivi river at
- Vatukoula where gold mmmg is being conducted. '

The results of geophysrcal prospectmg 1nd1cate the subsurface geologrcal
characters from their resistivities. Generally, wel! consohdated fresh pyroclastic rock
masses show a high resistivity, and the weathered rocks, sedrmentary rocks, and
fractured zones show a low resistivity of less than 30 ohm-m. A very low resistivity of
less than 10 ohm-m possibly indicates a hrgh clay content and/or high groundwater
sahmty T

The surface of the rocks espec1ally in. the areas of low hllls and ﬂat lands is
covered with hrghly weathered materials or clayey matenals with low res1st1v1t1es
‘Higher resistivities generally appear towards the deeper zone in profiles because of the
occurrence of more fresh rock masses. However, in case a lower resistivity section is
detected. between these hrgher resmtwrty zones, it is assumed that the lower resrstrvrty
section probably suggests the occurrence of fractured zones in the hard rock masses.
For the selection _of the test well drilling snes, low resistivity zone's geologic conditions
and the attitude of the local inhabitants w_'eré taken into consideration.

3.2 Test Well Drilling and Pumping Test

_ Eleven test- well sites were selected for the evaluation of groundwater
development potential as shown in Figure 2. Ten test wells were drilled to around 70
m in depth to dete‘ct.f_ractured_ zones containing water and one test well was made to a
depth of 36 meters to study the river bed deposits. These test wells were usually cased
with a string of casing pipe and screen with a nominal diameter of 150 mm. The
annular space was filled with sieved natural gravel with diameters raging from 3to 10
mm. ' :

- Three test wells= encountered Tertiary sedirnentary rocks such as tuffaceous
mudstone, and sandstone, and the ‘other seven deep test wells penetrated basalt masses
and their bréccia. Since these rocks are well consolidated, only fractures in them
contain groundwater. A shallow test well was placed into deposits of gravel and clay
under the Ba river bed. These deposits are not consol_idated but contain an abundance
of clayey matenals wluch lower thelr permeabllrty | '

: Pumpmg tests were carned out on these test wells however ‘the continuous
' pumpmg test was not successful on four test wells because of the poor producuon of
| 'water In order to obtam the hydrogeologlc constants as w1dely as possrble the
'pumpmg test was also carned out on (wo ex1st1ng MRD boreholes in addition.



The specific yields of the test wells range from 0.05 to 0.44 I/sec/m, The existing
borehole GW245 showed an excellent yield at the initial stage of the continuous
pumping fest, however a rapid drawdown appeared 5 hours after the pumpmg had
started. This was probably caused when the depressron cone of the drawdown reached
the surroundmg bamer of common pyroclastrc rock masses B '

-1t 'was realized durmg the: dnllmg operat:on that TW006 produced mmerahzed- '
water with a electric conductivity of 1,400 MS/cm when the drilled hole exceeded 31 m:
in depth Thus, the drilled hole was filled with sand, gravel, and cement to a depth.of
18.8 m, after confirming the geologrc log to a depth of 76 m. Therefore, t_he water was
produced only from the upper aqunfer when the pumpmg test was executed The
results of the test well dnllmgs are shown below, S

R Depth Qty SWL Ddown Pumprng WQuahty*
WellNo  (m) (l/sec) S (m) (m) hours : o

TWOOL 76 32 23.03 1120 -_.-'-4_3 ogood

S oTwooz 36 2.8 327 10 45“’?'_21_8‘*5: " Fe,Mn

 TWO003 74 7005 4119 376 08 Fe Mn Al
TWO04 .75 29 812 1025 . .48  good . . .
TWO005 72 24 981 1364 48 . turbidity, Fe, Mn, Al
TWO06™ 76 = 2.0 4026 481 48 rbidity
CTWO08 - 755 1.3 092 .00 48 - good ot
TWO09 71" 0.08 < 7.52° 1091 2 turbidity, Fe, Mn: <
TWOI0 -~ 70005 - 1.07+ 13.04 - 2 “good oo ..
TWOI1 © 75 023 6797 8IS 2 Al o
TWO12 © 75 1.0 568 1823 48 - good -
GW035 = 45 48 752 1091 24 good

GW254*** 38 15.1 1.9 079_*' _'.24_ _good S

Consmuents above WHO standards in concentranon levels
**. . Completed depth of well is:18. Sm C ,: . L
AR Raprd drawdown appeared 5 hours after pumpmg started

' 3 3 Aqu:fer R

. The top part of the rock masses espec1ally on hlllS and flat lands, 1s covered w1th, : .- '




- Fresh rock masses of the Tertiary are located beneath the unconfined aquifer and
form the aquitard base of the phreatic water because of their lower permeability.

. -1t is known that fresh rock masses of both sedimentary and pyroclastic rocks are
- very thick and well consolidated, It is, therefore, considered that only their fractures
allow groundwater to flow.

- In the observation boreholes tapping the fractured section in the fresh rock, water
level ﬂttetuates seasonally corresponding to the amount of rainfall.. The hydrographs
* obtained by automatic water level.recorders at GWO013, GW014, and GW042 located
0.3 to 2 km from the sea coast, show tidal fluctuations of 2 cm to 4 em. These facts

“indicate that fractures in the consolidated rock masses are likely connected to a net
structure in a wider area. Groundwater in these fractures is recharged from the upper
aquifer and discharged to-the sea under the confining condition. In the Study Area, it
is, therefore consideréd that the fractured section in these consolidated rock masses
below water level forms the confined aquifer. | :

The transmissirlty of the confined aquifer obtained by the pumping test ranges
from 830 to less than 20 m2?/day in which values between 200 and 20 m2/day are
commor. - '

3 4 Meteorology and Hydrology

Meteorologtcal data such as. rainfall, temperature, relative humidity, evaporation,
sunshine hours, and wind were collected.to deterrnme the climatorological condltlon
and t0 analyse the water balance in the Study Area. '

_; Runoff data were.also collected from four gauging stations; Toge and Navala in
the Ba river, Vatukoula in the Nasivi river, and Vatusekiyasawa in the Nakauvadora
river. Because of the limited distribution of the gauging stations, supplementary
dtscharge measurements were carrted out at engaged rtver basins.

T he Study Area covering an area of 1 567 km?, can be divided into 9 drainage
basms._ The;maximum amount of basin mean rainfall is estimated to be 2,517 mm in
the 957' k'rnz:Ba:river”catchrnent area, and the minimum is estimated to be 1,807 mm in
the 32 km2 catchment area of the Waisali river, The basin mean rainfall is greater in the
_"upst:ream reaches.‘:f.;‘r- I R - -

In general the mountams in the upstream basm of the nvers possess very steep
slopes and are not densely forested 'I‘he mtddle and lower reaches are well cultwated



for growing sugar cane. It seems that runoff concentration occurs within-a short penod !
due to the low retardation effects of the upstream basin: ' :

Drought occasionally occurs in the dry season owing to the significant difference
- in rainfall between the ‘dry and rainy seasons as well as: the above: mentioned
characteristics of the basin. ' 2

- The initial runoff analysis was carried out at the existing gauging stations using a
Tank Model simulation which required runoff records and the basin mean rainfall for
the upstream basin of each objective stream gauge. - The- basin wide runoff was
obtained by a theoretrcal extension of the above.: SRR '

__ The possrble development yleld of surface water is . deﬁned as the 95%
: dependable daily discharge which exceeds the river maintenance ﬂow of the minimum
daily. discharge in the drought standard year of a return penod in 10 years. The -
possible development ytelds of the nine basins were estimated, by.conversion based on
the above analysis, to be 27. 04 MCM/year in total in the Study Area, in which the Ba

’ nverbas!n R Yo O . i A S

3.5 Grt)undwater Flow

~ Simultaneous water level observations were carried out in the'dry and wet
seasons on the selected 39 existing wells. ‘The well water levels ranged from 0.25 to
13. 17 m below ground surface, measured durmg the’ dry season in September 1993

The conﬁguratron of the contour lmes of the water level shows a concordam form
to the regtonal topography. It is somewhat dlfﬁcult to distinguish the prezometnc
surface from the unconfined phreatic water: level. by the water levels in the existing -
- wells. Probably, the drfference between' the conﬁned and the unconﬁned water levels

S MINOL, o0 s e e e e e P

The difference of well water levels between the dry and wet seasons ranges from. '

- 0. 19 t0o4.89m. The hydrographs of the boreholes’ observed by the automatrc water
level recorders shows two different’ types of ﬂuctuatron One type ‘of - ﬂuctuatron 4
indicates that the water level risés gradually, shortly. later than the begrnmng of the ramy:

- season, and it remams at an almost constant level until the begmmng of the dry season, B

dechmng towards the end of the dry season Another type. of ﬂuctuatton shows that the |
water level rises rapidly correspondtng to the precrprtatlon at the begmmng of the rainy

season and then declmes gradually towards the end of the dry season Annual“"_ _‘
fluctuations of water level are greater m the latter than in the former B

B (T



- Tidal ﬂuctualions in the range of 2 to 4 ¢cm are observed from some of the
hydrographs of the boreholes located 0.3 to 2 km from the sea coast. This suggests
that the groundwater in these boreholes oceurs ina conﬁned aquifer of fractures which
opens to the sea '

3.6 Water Quality

. A water quality study was carried out to determine the suitability of surface and
groundwater for a potable water supply and to analyse the circulation of groundwater
based on geochemrcal characteristics. - To justify the suitability of a potable water
supply, the World Health Orgamzauon (WHO) and the Environmental Protection
Agency USA (EPA) standards were applied. - |

61 water sampies were co]lected in the dry season and 64 in the ramy season at
sampling pomts selected in regard to the existing well s locations, hydrologic
environments, and the progress of the test well drillings. In addition, 10 water samples
were collected in both seasons for an agrochemical analysis.

- The results found that the water except for a few samples is generally good for
drinking purposes. Agrochemicals were not detected in the water samples collected in
. the dry and rainy seasons.

_ The fertilizers being used in sugar cane fields are ammonium sulfate,
diammonium phosphate, and triple superphosphate. These are normally dissolved as
nitrogen, phosphorus, and sulfur. The results of water quality analysis indicate that
Jevels of these constituents such as nitrate (NO3) and sulfate, are less than WHO
standards. This means that currently contamination by fertilizers does not occur in this
area.

However, in some of the water samples, constituents such as Fe, Mn, Al, color,
‘and turbidity slightly exceeded WHO standards for a potable water supply system.
. These constituents are often found in walter as products from weathered rocks,
. especi_ally'in tropical regions.

Water with high electric conductivities of over 750 MS/cm occur in some limited
sites, caused by contamination from mineralized water or sea water.

_ It was noticed that hazardous constituents of Cadmium, Arsenic, and Chromium,
“highér.than WHO standards, were found in some of the water samples obtained from
 sites in Vatukoula, Surface water and groundwater around these sampling sites and

M-



along the lower reaches are to be carefully mspected if these waters are to be used for
the potable water: supply % - ‘ -

Geochemrcal charactenstlcs of water are generally classrﬁed mto 5 types in the tn-
linear diagram, indicated by the ratio of cautions: and anions of the dlssolved
constituents.

in eonclusion',' the m'aj'orl_ty of groundwalter, samples belong-to the alkaline earth
bicarbonate type or :tyoieal natural’ water.. _Regularit:,r in_c’oneentration levels . of
constituents was not found in regional 'distﬁbution-andlor between waters of shallow
and deep wells. This means that rainfall quickly infiltrates- to groundwater and is
discharged to surface water. In some limited sites, groundwater belongs to the alkaline
earth non-carbonate type or the alkalme non- brcarbonate type. These types mdlcate the
contammatlon wrth mmerahzed water from very deep sources or wrth sea water '



4. "GROUNDWL&TER" RESOURCES EVALUATION
4,1 General

“The potential for-grOUndwater development is usually considered as the amount of
sustainable water which can be pumped without' producing any environmental
problems. It is difficult to practically evaluate the regional groundwater balance in the
Study Area, because of the poor transmissivity of the aquifer and the complicated
topographical features. The groundwater balance was studied in the limited area of the
right bank of the lower reaches of the Ba river, where water demand is high. |

H()wever it is consrdered that one of the factors of groundwater development
depends on the capac1ty of yreld of a typrcal borehole Therefore, the potential for
groundwater development is essentially justified by the yield capacity of common
boreholes such as the test wells. Transmissivity and water quality are also taken into
consideration, ' '

4,2 Groundwater Resources Potential -

_ The Study Area is d|v1ded into 13 groundwater reglons as shown in Frgure 2,
based on the hydrogeologrcal charactenstlcs desenbed in Table 1 '

7 The: Yaqara River Basm where a MRD tube well yields more than 5 llsec has
: excellent potennal for groundwater developmernit.

*. The Ba River Lower P-lain, the Ba Uplands, the Koronubu Uplands, the Vatia-
Lousa Coastal Plain, and the Matalevu Uplands all have medium potential for
groundwater development, producing water ranging from 1 to-5 I/sec.

" In the mountainous region occupying about 70% of the Study Area, the

' "g’rbundwater'level- becomes deeper at the elevation becomes higher . As groundwater
has been utilized in aréas where the water level is located within the allowable depth for
pumping, groundWater development is limited to the lower periphery of regions lower

'.than around 100 min altrtude Ground water development potential i in the penphery of
the Mountalnous Area 1s medmm as mdlcated by the TWOOl yield.

The Tavarau-Raviravi Coastal Plain has a number of boreholes commonly
~ yielding water at a rate of 1- 5 I/sec. Groundwater development potential seems
- medium in this region. However, it was noted that water quality in several boreholes
L along the coastal area had detenorated probab]y due to sea water intrusion, Therefore

: ..-_;1_3‘ )



additional groundwater development is not possible, especially in the area along the sea

The remaining five regions of the MotorUplands; the Tavua Basin, the Rabulu
Coastal Plain, the Wailevu-Narewa. Coastal Plain, and the Penang River Basin have
poor potentlal for development wrth a yreld capacrty of less than | l/sec by a common
borehole or heavy contamination. o

.43 Groundwater Simulation '-

_ Among the groundwater potenttal regtons the Ba Uplands covenng an area of
75 km7- located at the nght bank of the Ba rwer is. selected for further analysrs of
groundwater balance because of the srze of 1ts populatton and the hlgh water demand

" As méntioned in the prevrous sectron, the aquifer syster_n-m this region consists of
three layers; an unconfined aquifer, a confining layer, and a confined aquifer, in
. descending order. - '

~ Itis inferred that unconﬁned groundwater is essenttally recharged by infiltration
of ramfall or surface stream ‘and i is moved vertrcally through the underlytng conﬁmng -
layer or the aqu1tard to the conﬁned aqurfer when the ptezometnc head in the conﬁned' _
- aquifer is lower than the .water table, The. conﬁned groundwater ﬂows honzontally
through the aqurfer due to the hydrauhc gradtent ;

The amount of recharge to. the unconﬁned aqurfer was calculated for the
hydrological standard years of an. average year (1991) and a drought year. over a.10
year period (1992).- The amounts using. the Tank Model were 554 mm/year for, 1991
and 296 mm/year for 1992

F]ow srmulauon was conducted on, the conﬁned groundwater usmg a Nodular
' Three D1mens1onal Finite. Difference Groundwater Flow Model on”10 cases. of thc. _
 development plans in thrs regton e B e ke

_ The results of the opomtzatton study mdtcated two poss1ble pumpmg strategles of )
' pumpmg rates; 287 m3/day with three boreholes and 412 m3/day wrth four boreholes, _
without the constraunts of mterference to other exrstmg wells and of sea water mtrusron




5. WATER DEMAND
5.1 Major National Policies

In Fiji's Ninth Development Plan, it was insisted that an adequate, reliables and
safe water supply by solvmg the repeated water shortages is one of the most important
targets of the water supp]y sector.

PWD, as an executive agency of the Government for the water supply project,
has prepared several manuals for design and planning of the water supply project in
Fiji, in which the following unit consumption rates are recommended;

Water S ly Design M
- 160 Ipcd for house connectioh
115 Iped fqr public standpipes used for washing, cooking, drinking, and
bathing
45 Iped for public standpipes used for drinking and bathing

Water Supply Design Manual (draft
200 1ped for cities_i-.e; Suva and Lautoka
150 pcd for towns

5.2 Population Projection

The population projections were carried out at intervals of five years for the
period 1991 to 2011, using the 1986 census population and the proper growth rate for
the same penod :

“The annual growth rates were based on the 1976 and 1986 census. During this
. period, Ba and Ra Provinces, which take in a major part of the Study Area, had
relati'vely low ‘growth rates cbmpared to other provinces. Taking this matter into
account, the population projections in the Study ‘Area are first based on urban and rural
- areas in the respectlve lemas Next, the growth rates which are derived from the

mmal populauon pl’G]CCthl‘lS are used 10 pro_]ect the population of communities mcluded
- in the urban and rural areas. '

 _'15._



The results of the popu]aﬁon projection in the Study Area aré summarized as’,

Scenario Population

(Yea) . 1991 2011
Highvariant . 98,936 138,852
Middle variant 96,838 104,248
Low variant 95,042 85,707

The populanon in the urban and rural areas. for the hrgh scenario are estimated as, ‘

Area 1991 011

| 53 Present Water Consumption

The present water consumption for domesnc use, from 1988 to 1993, was-
estimated in the existing reglnna] water supply systems of PWD as

Quantity (m3/day) o
Town =~ . Minimum . = . Mammum R
Ba 1,986 . ... .. 439
Tavua 1220 13
Rakiraki 668 g4

+ The amount. of water: supphed varled year by year Thus, the per caprta
' consumptlon was determined fromthemaxrmum year : v

The present per caprta consumptron for domestrc use m the areas wrth water o

supply systems are,

Ba D 140 lpcd (180 lpcd for urban area, 120 Ipcd for rural)
Tavua . : 120lpcd
Rakiraki : 1201lped -




' 5.4 Domestic Water Demand Projection

The domestic water demand was estimated by multiplying the population served
with the per capita consumption. The per capita domestic consumption was referred to
by the existing design criteria of PWD. According to the existing design manual,
160 Ipcd is utilized for house connections in the rural area's water supply systems and
200 Ipcd is proposed for the urban water supply which will be applied to the Ba
reglonal water supply system in future. In areas without a regional water supply
system, 80 lpcd was’ adopted for domestlc ‘demand wlnch was obtairied from the
interview survey. ' R

The water demand for the domestic use in the area with a water supply system
was estimated to be ‘about 10,170 m3/day fora population of 60,181 in 2011, while the
present waler demand for domestic use is estimated as 6 510 m3/day for a populatlon of
49,122 in 1991. '

The water demand in the area without a water supply system was estimated to be
about 6, 290 m3/day for a population of 78,664 in 2011, while the present water
' demand was estlmated about 3,990 m3/day fora populatlon of 49,814 in 1991.

55 "Commer'cial Water Demand Pro;ecnon '

“According to the present water consumption study, commercial water use ratios in
the Study :Area ranged from 20 to 30% of the effective amount. The ratio of
commercial water use against domestic use are 20% in Ba, 25% in Tavua, and 43% in
Rakiraki. "

The commerc:al water demand is estimated to be 2 ,120 m3/day in 2011, while the
present commercial water demand was estimated at about 1,740 m3/day.

S



6. OVERALL WATER SUPPLY DEVELOPMENT: PLAN .
6.1 Development Prmcrple

The proposed commumues selected for the water supply development plan are
from areas with an inadequate water supply system. The scale of the proposed scheme
is determined by the possible pumplng rate of each productlon well wrthout causing
envaronmemal 1mpact The production wells for the proposed schemes are selected in
: prmcrple from_.the existing test. wells dnlled by JICA or MRD which. had been_
confirmed to produce sufficient groundwater The pro;ect target year ¢ detenmned in
consultation with PWD is 2011, '

The proposed schemes are dmded mto four types, "Smgle commumty system
EXpansron for regional system", Supplemer_n_al water sources for reglonal system" and
"Emergency water source system”, - |

6.2 Development Schemes

For the overall water supply development plan nme schemes wrth water supply'
systems were formulated in areas as shown in Frgure 3 usmg groundwater sources of
the exrstmg test wells drilled by JICA team or MRD, and one new proposed well. The
nine schemes are summarlzed below, : : 7

_Scheme- - .* Type of-System Semce Source Yreld Construcuon
RS R populauon Dt * cost (F§)*3
Vutuni Creek  Single Community - 314 - TW001 60.0 384,567
Kukunirewa . Single C0mmuni'ty:'_ 230 TW008 4 0_ 284629 &
Vawyaka  Expansionfor . 561~ GWO35 . ];08 0 ,_jf,489 162_; -
~ regiomalsystem - T s o
Varadoli- Supplemental source *1 TW004 1584 396,111
Veisaru(l)  for regional system .. TWO00S T
Varadoli- Supplemental source *1 Newwell 273.6 579,236
Veisaru(2)*2 = for regional system - TWOM4. . ‘ g
"~ Rabulu Expansionfor 930  GW254 . 180.0 799,038 "
o - regional system - - S o C e
Vaileka Emergencyuse 882 - TWO0I12Z. 150 - 81,137 -
© Yalalewu Eme'rgencyuse o L141 . TWO0Z 200 86,643
_ Emergencyuse 1115 . TWQ06 -~ 20.0 128308

Note:*1; Not planned, *2 Alternauve of the- above, 3*Inc uding construction cost of
producnonwell T



6.3 Cost Estimates

The water supply facilities for the proposed nine schetnes‘\.ver_e_ initially deéig_hed

“based on the existing topographic map with a scale of 1:50,000. The principal facilities

of the water supply system for the nine-schemes are shown in Table 2.

The prOJect cost was based on the sald bnef de81gn by the usual means of
referring prices and forelgn exchange rates in December 1994, For the main
construction materials and equipment, the costs were estimated in local and foreign
portions, respectlvely Engmeenng services, value added tax import duty, and price
and physncal contmgenc1es are mcluded in the pI‘O_]BCt cost.

The const_ruction cost for each scheme was estimated in two cases of with and
without the construction cost of the existing wells. The construction cost tabled in -
section 6.2 mcludes the constructton cost of the test well for the companson of the

prOJect

'+ The annual operation and maintenarice costs are also estimated for each schemes.

6.4 Socio-economic Evaluation

This evaluation aims to rate the nine overall schemes from a socio-economic point
of view.

The economic benefit of the project is given as the difference between the water
supply conditions before and after construction of the project. The benefit is estimated

‘as the saving of time and/or expenses spent in retrieving water, the reduction of
emergency water supply costs, and an increase in water volume to be supplied.

The result of the economic analysis shows that the Rabulu scheme achieves a high
EIRR of 13.59 % which mdlcates economic feasibility as the opportunity cost of capital
in Fl_p is about 12%.

The Vutuni Creek scheme and the Vatuyaka scheme indicate low EIRRs of 2.51

% and '1.64 %, respectively due to the low time values resulting from the low average

income per household, despite the poor condition of the existing water supply. Itis,
however expected that these EIRRs will increase, provided the average household
income in these communities ‘alsoincreases.

| _' | ."_::19 -



EIRR for the Kukunirewa scheme shows a negative percentage, however, the: |
total economic benefit sufficiently exceeds the total economlc operatlon and
maintenance cost for the permd of pro;ect hfe. S e T

The other four schemes. are not economrcally fea81ble and the operatlon and
maintenance of the pro_]ects seem to be difficult because the O&M cost exceeds the o
beneﬂt every year durmg the penod of the propct lrfe ' ‘

6.5 Envxromnental Impact

The envxronmental 1mpact of the groundwater developmert was studred in regard‘
to land subsidence, sea water intrusion, influence to the exrstmg wells, groundwater
pollutron, and health. " : o -

_ For the nine schemes planned senous envrronmental 1mpact was, unforeseen for
reasonable groundwater development It is, however noted that the water quahty of
the water sources for the Yalalevu scheme (TW002), Varadori-Veisaru scheme
(TWO005), and Koronubu scheme (TW0068S) is notin complranca wrth WHO standards
and that water treatment is.needed for potable water, '



7. WATER SUPPLY DEVELOPMENT PLAN
FOR PRIORITY SCHEMES
7.1 ‘Water Supply Plan
‘As mentioned in section 6.4, four schemes among the proposed nine schemes are

judged to have a higher priority for water supply development.

In order to mitigate the present water shortageproblems as much as possible,
three schemes. were finally selected as the priority schemes and their preliminary
designs were commenced. '

-Vutuni Creek Cornmunity Scheme
- -Vatuyaka Expansion Scheme
- - Rabulu Expansion scheme . -

7.2 Design Criteria

- PWD de_srgn criteria was principally applied to the preliminary design. '

The transmission‘and distribution pipes will be mainly UPVC pipes and installed
underground in trenches. ' Galvanized steel plpes are used for the river/creek crossings.

Pipés with drameters of 150 mm, 100 mm, 75 mm and 50 mm are applied in regard to
the hydraulic calculations. -

Air valves will be installed at each peak point-along the pipelines and sluice valves
will be. placed on the pipelines downstream of connection/branching points,
" A service res'ervoir sviih‘an effectis/e _depth_ of 3 m will be made by reinforced
- concrete. Chlorination facilities will be adjacent to the Service reservoir,

: 77.3 Proposed Development Schemes

“The’ layout of ‘the’ three proposed scliemes is presented in Flgure 4. The brief
descnpuon of each scheme is ds foliows; =~

o “_—ngm Qregk Commugnx §ghem i ‘ .
| Water is pumped up with a submersrble motor pump frorn the exlstmg test
| -well (TWOOI) ata dlscharge rate of 0.84 I/sec for 20 hours a day. The pumped
water is conveyed through a 75 mm diameter transmission pipe to a service
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7.4

reservoir with a storage capac_ity of 75m3to be lo_cated ona hill 250 m west from
the well. o p

The dlstnbutlon pipes will be laid along the Vutuni road about 2 km to the
west and 2.4 km to the east from the service reservoir, provrdmg potable water

_for3141,nhab1tant_s_m 20_1‘1'_ R

| —Vatuyaka Expansron Scheme o

‘Water is pumped up ‘with a submers1ble motor pump from the exrstmg

- MRD: well (GW035) ata d1scharge rate of 1.5 l/sec for 20 hours a day “The
-pumped water is conveyed through a75 mm drameter transmission pipe.to a

service reservoir with a storage CaPaCIl}’ of 135 m3 sned ona hrll in the northeast
of the commumty : L o

The distrlbution pipes 'will_he laid on Daro, Sorokoba and Khaisa roads to
cover the service area with a populatior: of 561 m 2011,

"~ -Rabulu. Exp_agsron Schem _ :

Water is pumped up w1th a submersrble motor pump from the exrstlng'

.MRD well at a discharge rate of 2.5 I/sec for 20 hours a day. The pumped water - -
is carried through a 100 mm diameter transmission pipe to a service reservoir
. -with.a storage capac1ty of 230 m3 sitedon a hrll in the north eastern part of the

community.

The size of the distribution pipes wrll be. 150 mm, 100 mm,’ and 75 mm.

in diameter. On the: prpelme route, east along the Krngs Road the dlsmbutlon'. :
' p1pe will be installed parallel to the transrmssron prpe in the same: trench Potable

water will be provrded for 93{) 1nhab1tants 1n 2011

Implementation Prdg‘ram.

. The ﬁnancral anangement for the 1mplementauon of the selected three schemes o

wrll be made within 1995 followxng the compleuon of: the Study in May 1995 - SRRV

_ Land acqursmon will be 1ntermrttently camed out in parailel wrth the ﬁnancral. - o
arrangement and will be ﬂmshed in January 1996, The topographrc survey ‘and detarled o '

des1gn are scheduled al the begmmng of January 1996 and the constructlon wrll follow B

. completlon of the desrgn




* All the construction works will be completed at the end of 1996 and the water
supply will commence in late 1996 or early 1997.

7.5  Operation and Maintenance

The followmg penodlcal inspections and maintenance are recommended for the
proper use of the facilities;

-Daily inspection
- -water level at the service reservoir -
- -grouhdwater level in the well
-pumpmg head and discharge
-e]ecmc voltage and current of the submerSIble pumping equlpmem

-Wee, ction maintenancé
| -settlng bleachmg powder in the chlonnatlon famhty
- - -water quality . .
'—Mgum!y inspection and maintenance |
. -water leakage from the transmlssmn and distnbutlon pipes
-insulation resistance value of the submersible pump equipment.

~ Other than the recommended inspection and maintenance, it is required to conduct
an overhaul of the pump facilities at intervals of several years.

The Vutuni Creek scheme will be implemented by PWD with the cooperation of
the community, including the provision of unskilled laborers. When the facilitics are
corhpleted, PWD will maintain them for a period of 6 months, then, they will be
- handed over to the community. The proper operation, maintenance, and management
| “will be donc'by the water supply union of the community, under the guidance of PWD.
Water charges will be determined in consideration of the costs of electricity for
pumping and purchasing of sparé parts, and of the operations organization.

The Vatuyakd and the Rabulu schemes will be operated, maintained, and managed
by PWD has been conducted up to the present.

7.6  Cost Estirﬁates

The consﬁuction cost for these three priority schemes was estimated by the
preliminary design formulated on the topographic survey results, The construction cost

.



of the wells is not included because’ these schemes can use the ex1stmg deep wcils The
estimated construction cost of each scheme is,

S S — (Unit:;F&)‘ '
Sheme L) FC " Toal
Vutuni Creek 276,728 43983 320711
Vatuyaka 407,796 56,543 .. 464,339 .

" Rabulu 669247 87703 . 756950 _
Total 1,353,771 s,:'188,1.3'_9 1,541,910'

The annual O&M costs m 1997 estlmated on the operatlon mamtenance and -
managemem plan are, '

: o : “(Unit: F$)
Scheme U L)CT o CRICT  Total
VuniCreek -~ 2,137 - 588 7 2,725
. Vawyaka 563 612 6248
© Rabulu U486 0 7320 5508




8.  PROJECT EVALUATION
8 .-_1 . Economw E\_{a_ll.uation -

The economic cost for the selected three schemes was estimated from the
construction cost of the facilities based on the preliminary design and the operation and
maintenance cost.

The Vutuni Creek and the Vatuyaka schemes indicate low EIRR's of 2.61 % and
1.25 %, respectively, which are very difficult to realize economically, These low
percentages of EIRR result chiefly from the low time value, which is due to the average
low income per household. However, the annual economic benefits for these two
schemes sufficiently exceed the annual economic O&M cost every year during the
period of the projéct life. -

Accordingly, although these schemes are not economically feasible, it will be
possible to operate and maintain the project after completion of the facilities.

Of the three schemes, the Rabulu expansion scheme achieves a comparatively
high EIRR of 13.83 %, which indicates economic feasibility. This is due mainly to a
high time saving benefit.

8.2 Financial Analysis

This analysis'\_vas carried out for the Vatuyaka and the Rabulu expansion
schemes, where domestic water will be supplied by the regional water supply system in
the near future. -

FIRR for the two schemes is estimated using the annual flows of cost and
revenue, However the percentages are negative for both schemes, and the annual O&M
cost also exceeds the annual revenue every year for the period of the projects lives.

: '8_;3 -Summa:y. of Project Evaluation

“The Vutuni Crcek scheme coverin'g'314 inhabitants is given a low EIRR. It is also
noted that lht_a annual economic benefit exceeds the annual O&M cost. This means that
the operation of the project will be possible in case the construction is executed by
PWD. | o |

~The Ra_b_u_lu'_schemes are economically feasible but financially negative. The
Vatuyaka scheme shows a low percentage of EIRR but is financially negative.



However, it is noted that these schemes will be promoted-as ‘an expanision of the
existing regional water supply systems providing water for an additional 1,491
inhabitants in total and that the operation of the project will be ecoriomically possible
after completion, because the annual economic benefit in both schemes exceeds the
annua](_)&Mcost.ﬁ - [




9. ENVIRONMENTAL ASSESSMENT

In the Vutuni creek and the Vatuyaka schemes the main aquifer occurs in the
consolidated volcamc rocks. Water quahty of the source well is good. Neither land
subsidence nor sea water intrusion is foreseen under reasonable groundwater
development.

In the Rabulu schemes, environmental impact is unforeséen under reasonable
groundwétér development. It is, however, nioted that the water level of the source well
GW?254 should be monitored because the water level recovery was abnormal during the
pumping test. . - . o
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10. CONCLUSIONS AND RECOMMENDATIONS

The Study Area is under]ain by well conso_lidated basaltic and Sedimentary rock
masses of the Tertiary in which the fractured sections form the essential aquifer.

The Study Area is classified into 13 groundwater regions based on their
hydrogeological characteristics. The transmissivity of the aquifer is generally low,
therefore, a typical borehole such as the test well, yields 1 to 5 V/sec of water even in
the medium and excellent potential regions. | |

Accordingly, for the master plan of overall groundwater development, nine
schemes of a water supply system were formulated using the existing test wells on
which the yield had been confirmed. Amohg these nine schemes, three priority schemes
were selected for further study based on their economical analysis.

The three schemes, Vutuni Creek, Vatuyaka, and Rabulu, have positive EIRRs
and their annual economic benefits exceed the annual O&M costs during the period of
the project life, although their FIRRs are negative.

- Notwithstanding the relatively low economic and financial returns, it is
recognized that water supply development is one of the important basic needs for
insuring subsistence in the Study Area, especially in the areas faced with water
shortages. It has been confirmed that a safe and stable water supply will contribute to
preserving public health and hygiene and promoting sustainable economic growth, Ttis-
recommended that the proposed priority water supply development scheme be
implemented urgently, following the completion of the Study.

However, it is evident that the groundwater resources are unable to fulfill all of
the future water demands in the whole Study Area. Itis also recommended to develop
surface water sources available in major rivers, in addition to the groundwater
development.

There are three possible sites for constructing a dam/weir to take water upstream
of Toge in the Ba river. A water resource study on the Ba river basin should be
conducted for regional development in terms of water supply for domestic, industrial,
tourism, and agricultural uses, and should cover the Northwest Viti Levu including the
Ba area.

Proper groundwater management should be carried out to achieve sustainable use
of the groundwater without serious over pumping or deterioration of its water quality. - - '
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