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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 (J ICA).

JICA sent 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.

1 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 team.

May, 1995

Kimio Fujita
President

Japan International Cooperation Agency






May, 1995

* Mr. Kimio Fujita

President,
Japan International 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 groundwater -
development potential and to formulate water supply plan in the northern area of Vit

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
contnibute to the future water supply plan in North Viti Levu.

_ We wish to express our deep appreciation and gratitude to the personnel
concerned 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,

: G et

Miyamoto
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" -SUMMARY

. The Study on Groundwater Development in North Viti Levu covering an area of

1, 567 krn2 was commenced in June: 1993 by:the JICA study team -in cooperation with

fthe Counterpart Team of Fl]l This report describes the results of the study and the
. groundwater developrnent plan in accordance wrth the Scope of Works.

"I"he Stl.idj/' Area COnsists chiefly of rnountainous areas in the south, low

EEn K undulatmg hills extendmg from the skirt of the mountainous regions, of lower than 100

§ 'metels m elevatlon, and flat plams along the nvers and coast

S 'I‘he mountatnous areas -and low- undulatmg hrlls are underlain by consohdated
pyroclasttc rocks and lava formed ‘in- the . MlO Pliocene, partly intercalated with

‘ ﬁsedtmentary rocks of sandstone mudstone, and tuff beds. ‘Alluvial deposits exist on the
o jj}_f nverbeds and i 1n the coastai area covenng the above mentroned volcanic rocks. A gold
S -':_rmne is berng operated m the nnddle reaches of the Nasm river.

Geoelectncal soundtngs were mmally camed out on 2,530 spots along the 100

| "“ '_.‘survey lmes by the: electromagnetlc method (VLF) and at 134 spots by Wenner's.
e ;_electrode array Lower resrsttvny of the underlytng rocks may suggest the oceurrence of
s frequent fractures wmch could effectrvely provide groundwater This is-because.

-"'groundwater is usually assumed 10 occur in- fractures of consohdated rocks below

A weathered zones

Lt evalua the' gl'oundwater development potenttal Ten test wells were drilled to around 70

i Detalled electromagnetlc soundmgs (VLF) were carried out in Vutuni, Qara, and
_' _'-:-;""‘_Watkowa, along 14 survey lmes m order to detect fault zones. Detailed vertical electric

e 2 soundmgs o 150 ‘meters in’ depth were addrnonally carried out at 77 points with
o Wenners electrode array :

leven test well sttes ‘were: selected based on the anatyses of the soundmgs to



Ba nverbed These deposrts are not consohdated but contam an abundance of clayey. : ) o
_matenals Iowenngtherrpermeabrhty R R o ::' [ q

A pumplng test was executed on each fest well however the conunuous pumptng o
test was not successful on four test wells due to, the poor productron of water In'.'_" :
addition, a pumping test 'was carned out on two exrstmg MRD boreholes The yreld;_- ' :
; quantrtres generally ranged from 1 0 to 15 1: l!sec exoept for the four test wells wrth poor i _‘: T .
ytelds RS bl S _ :

Stream runoff was studred for estrmatmg surface water development potentlal and f _ o :,:
groundwater recharge, using the Tank Model was caltbrated by a runoff- hydrograph_f_‘.f i :
“observed at the Toge gauging statron covenng the basm méan- ramfall for.the’ past 22:' SRR

| years. ‘The possible. development y1eld (runoff quannty exceedmg rrver marntenance
flow with a-95 percent dependabllrty in the drought standard year), is' estrmated to be. "
19.1 mrllron cubrc meters per year on the Ba nver and 7 9 mrllron cub:c meters per yeari_:

.1ntotalone1ghtotherstreams S e 5 o

The. rechargmg amount in the upstream bas1n durlng a 10 year drought is S
estimated to be 495 mm at Toge on the Ba nver, 492 mm at Vatukoula, and’ 319 mm at-i.' ey
- -Vatuselnyasawa, respectrvely It 1s mferred that a major part of the recharged water rnay_; .
return:1o the stream and a part of 1t may flow through the ground to the lower basm

_ Seven automatrc water level recorders were mstalled in the existing MRD wellsin -
- October 1993, and, three were placed m the test wells drrlled durmg the study in March:.'-."_.;"'
1994, in order to observe seasonal ﬂuctuatrons of water levels The lowest water levels '

' appeared in mnid January, shortly after the start of the ramy season ’I'he water levels :

. _towards the end of the ramy season and gradually declme towards the: end o' the dry:

season,’ : i s : :

Srmultaneous water level observattons were carned outr both the:dry and rainy




_ o constttuents such as Cadmrum, Arsemc and Chromlurn were found in some of the water
E e "i.samples of the Vatukoula area. |

_ No rcgulanty in the concentratron level of the constituents was found either by
2E3 reglon or between shallow and deep wells This suggests that a major part of the
i groundwater c1rculates locally ina hmrted area.

' "I‘he groundwater balance was studred m the selected lower basm of the right bank

' .::-?;--of the Ba river. usmg the srmulatlon ‘method in order to evaluate the groundwater

development potenual in connectron with the water supply plan The Tank Model was

:i‘_'rapplred for estlrnatmg the rcchargmg amount and the MODFLOW model was applied to

: srmulate the groundwater ﬂow It is antrc1pated that 410 m3 per day of groundwater will

| be constantly pumped: by the three exlstrng and one new test. wells in the selected area,
E w 1thout bemg affected by sea water 1ntrusron '

R Usmg the 1986 census and the official growth rate, the population of each
L commumty in the Study Area was forecast from 1991 t0 2011. The 2011 population of
- the smdy Area was estrmated at'138, 852 The populatron in areas with regional water
_supply systems w11] mcrease to 60 189 in 2011 from 49,122 in 1991 an average annual
' L - o growth rate of 0.7 percent ~and in the areas without regional water supply systems the
“ 0 population: will increase 1078, 664 in 2{)11 from 49, 814 in 1991, an average annual
"f_':growth rate ofl 84 percent - ' ' .

S S :The domesnc demand in'the arcas with regronal water supply systems was about
e 6510 m3 per day in 1991, mcreasmg t0 10,170 m? per day by 2011, in the areas without
f_-:'regronal water. supply systems was about 3, 990 m3 per day in 1991, mcreasmg 10 6,290
cooomd per day by 2011,

In the overall water supply development plan nine schemes with water supply
i 'systems were formulated usmg groundwater sources, These schemes are classified into
. fOul' types smgle commumty system" "expansron for: reglonal system" "supplemental

: water source for reglonal system ' and "emergency water source system". The source of
. ,water for these schemes is the exrstmg test wells dnlled by JICA team or MRD and one
proposed'productlon well :

| e'result of the economlc analysrs carned out on these nine schemes indicates
that the Rabulu_scheme has a high economtc mtemal rate of return. The Vutuni Creek
' .th s -Vatu "al(a_schemes have low economrc mtemal rates of return, however, these
rates are expected to rise, provrded the mcome of households also nses '
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1. INTRODUCTION
1.1 Background of the Study

" The Republic of Fiji consists of more than 300 islands dispersed over an area
between longitudes 165°50" east and 178° west, and latitudes 16° and 20° south. It has
a total area of 18,272 km2, and Viti Levu, the largest of the islands occupies about
10,429 km2. Suva, the capital city, is situated on its southeastern coast.

Fiji's Gross Domestic Product (GDP) was F$ 1,955 million (approximately US$
1,368 thillion) or F$ 2,635 per capita (approximately US$ 1,845) in 1991. The main
domestic industries are sugar cane production and tourism. Agriculture accounts for:
about 20 % of gross domestic production. According to the population census of
1986, the total pdpulalioniof the country was 715,375 and the annual rate of population
increase was about 2 % over the past 10 years. About 38.7 % of the inhabitants live in
~ urbanareas, - . s

VitiLevu, where the Study Area is located, forms an ellipse.of 146 km from east
to west and 106 km from north to south, and has a high relief topography which was
formed by volcanic activity. “The island is meteorologically divided into dry and wet
zones by l.hé Nad_rau plateau located in the center of the island with an aftitude of more
" than 1,000 m, and is subject fo the southwesterly trade winds.

Precipitatidn of 2,000 mm to 4,800 mm is usually recorded in the southern part
of the island, while in the northern part a relatively lower precipitation of 1,000 mm to
3,000 mm is usually recorded. There are clearly two diffeérent seasons, the dry season
from May 10 November and the rainy season from December to April. Less
precipitation is expected in the northern part during the dry season.

 The Study Area is located in the northern coastal zone of Viti Levu and is
- bounded by the southern Waters_hed_, from which rivers flow across the northern area
from south to north, the Watershgd of the Penang river in the east, and the eastern end

 of the. Lautoka water supply system in the west, as shown in the Location Map. The
o Study Area is estimated to_'cbvé'r' an area of about 1,567 km?.

s T'ﬁefe’f_d:e three water sﬁpply:systerﬁs‘ in the Study Area covering urban areas such

- as Ba, Tavua, and Rakiraki. These systems which chiefly use surface water, supply
.~ about 64 % of the inhabitants, The remaining 36 % of the inhabitants depend on water
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from private wells and rainwater collection tanks. Springs and creeks provide water for-
people living in mountainous arcas. ' :

Since the urban areas in the Study Area depend mainly on rivers for their water
supply, serious water shortage problems repeatedly occur in'the-dry season. :Even in
rural areas, by the end of the dry season; water is occasionally unobtamable from-
creeks and springs. T herefore, groundwater development is urgently required. for the
urban and rural areas where, at present, water-supply facilities are in-poor condition and.
surface water source capacities ar¢ inadequate and unreliable. '

Even'though water saturation: of  the :volcanic. sedimients - which-'overlie the
northern part of the island is relatively hlgh groundwater seems to quickly-drain off .
into the sea because the mountains-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 topographic and: geoiogic conditions. Therefore, groundwater: development
‘technical assistance from technically developed countries is eagerly desired. The :
_ Government of Fiji (GOF) 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. Natlonal Development Plan. (Poltcres and Strategtes for the Short. andg _
Medium Term), before the year 2000,

'Because of these reasons, GOF in 'July-_199_2, requested the Government of Japan
(GOJ) to provide t_echnical assistance for the groundwater development in the northern
part of Viti Levu,-which has been continuing since 1989.: In-resp'o'nse to thi_s_request,
the Japan Internationai;Coope_ration Agency (JICA) dispatched a P_reparatorysStudy

Team for the preparation of the Scope of Works (3/W). The S/W was signed between - -

the Minister for Lands and Mineral Resources ‘and the Leader of JICA's: Preparatory. _. '
Study Team on December 14, 1992 :

1.2 - The Scope of Works s

The objectives of the Study are- to evaluate groundwater resources potennal and '
formulate-a groundwater development plan for the pl‘OVlSlOﬂ of an: adequate, relrable,
and safe water supply in-the Study Area, ~The. target year of the groundwater
development plan was discussed with the Mineral Resources Deparlment (MRD) and
the Public Works Department (PWD) and the year: 2011 was decrded “The transfer of -
knowledge from the JICA Study Team to the. counterpart personnel provided by MRD .

-and PWD, was carried out during the: study. penod through on- the-_]Ob trammg (OJT), :
and trammg in Japan Equrpment and matenals necessary for the Study were prepared e



by JICA and transported to Fiji during the Study period. The equipment and materials
are listed in DATA BOOK-E.

The Study commenced in May 1993 and will be completed by May 1995. It
comprises three phases: Phase 1 {basic study) from May 1993 up to mid-November
1993, Phase 2 (detailed study and analysis) up to mid-August 1994, and Phase 3 .
(planning) up to mid-May 1995. The general work flow is shown in Fig. I.1.1. The
S/W are as follows:

Phase 1 (May 1993 - October 1993):

(1) Review and analysis of previous studies and existing data
(a) . Socio-economic conditions
(b) Relevant ongoing and planned projects
(c) ‘Water supply systéms.
(d) Water demand
(e) Existing well data
(f) Topographical, geological, and hydrogeological maps
 (g) Sateliite and aerial photographs
{h) - Land use
@) Physacal conditions - . .
- Meteorology, hydrology, and hydrauhcs
- Geology and geography
- - Vegetation and soil
(). Environmental condltions
(k) Laws, regulations, policies, and customary practlces
(h Institutions, orgamzahons_, and adml_mstratlons
(m} Others

(2) First field invest_igaﬁon
- (a) Field reconnaissance
- General-
- Existing facilities
- Geology
. - Environmental aspects
- (b} _Surv_ey on the condition of water utilization
(¢) Survey on water demand conditions
(d) Preliminary hydrogeological mapping
~{(e)  Selection of points for the geophysical survey

Z.-_37-..



(f)  Geophysical survey

(g) Estimation of groundwater resource potential

(h) Classification of areas based on groundwater resource potential
@ Selection of test bormg sites B

Phase 2 (N’ovemb'er' 1993 - -Aug: ust 1994);

(1) Second field investigation
{(a) Detailed geophysical prospecting -
(b) Test boring
- Geophysical logging
- Pumping test . -
- Water quality test
(c) Hydrological investigation _
(d) Simultaneous observation of groundwater levels =

(2) Study and analysis _
(2) Water quality analysis =
(b) Water balance analysis
(c) Water demand projéc{ion '
~(d)  Evaluation of groundwater' resource potential -

Phase 3 (September 1994 - May 1995):

(1) Groundwater development planning
(@) Supplementary survey |
(b) Formulation of water supply systems
(c) Implementation schedule
(d) Operation and maintenance
(e) Estimation of costs and beneﬁts of the PI'O]eCl
(f) Social and economic analysis.
(®) Environmemai fmpact assessment




1.3 General Work Progress

In accordance with the Scope of Work agreed upon between GOF and JICA, the
Study on Groundwater Development in North Viti Levu has been carried out by the
JICA Study Team in collaboration with counterparts. - The Study, which consists of

_three phases, commenced in July 1993 and completed by May 1995. The work

schedule is shown in Fig.1.3.1.
1.3.1 Work Progress in Phase 1 -

Phase 1 consisted of preparatory works at home, the first field investigation, and
the first home work; including data collection-and a review of the existing reports. At
the beginning of the first field investigation, the outline of the work schedule and plan
of opefatiqn for the Study were explained and discussed with MRD.

(1) Preparatory works at home
(2) ' First field investigation

‘During the period from the beginning. of July 1993 to the middle of October
1993, the fdll_ov_ving works were performed by the J ICA Study Team in cooperation
with its counterparts.

o1y Subm_is'sion of the Inception Report: The Inception Report was submitted to
" MRD and explained by the JICA Study Team at the beginning of July 1993.

“-. 2) - Geological investigation : A geological investigation was carried out at the
© initial stage 6f't_he study period by an analysis of the existing data,
-interpretation of -the aerial photographs, and a supplemental field
" reconnaissance in representative sites, for the collection of basic information
-"on the Study Area: - The results of the study are summarized in a land form
e 'clas_siﬁcatiOn'ma.}j,'a. land use classification map, and a geological map. These

- maps cover the whole Study Area of about 1,567 km2,

' 2) Geophysical prospecting:

©+* <7 Electromagnetic sounding: Electromagnetic sounding was carried out using

.7 & VLF resistivity meter GEONICS EMI6R to confirm faults and fractured

zones. - 2,530 measu're'r'nents were made on 100 survey lines of about 500
m in length witha20m interval between the observation points.
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- Electric sounding: Vertical electric sounding with a Wenner electrode array.
was carried out using a resistivity meter, 0YO McOHM model-2115, on
" 154 survey points for detecting subsurface geological structures, .. ..

* 3) Meteorology and Hydrology mvesttgatron The main actrvrttes were data:
 collection and arrangement of the following hydrologrcal and meteorological
data in the Study Area and surroundmg area, ;

- Hydrological data: daily runoff, runoff rating curve, river water level; -
- Meteorological data: daily precrprtatton air temperature, evaporatton,e
relative hurnidity, sunshine-duration., | ' L

4) Hydrogeological investigation : The folloWing surveyS-WCre carried out on’
~about 500 existing wells in the Study Area: L el
- Confirmation of the location, depth diameter, purpose; and pump- type, LT
- Measunng of the y:el_d, static water Ievel,.EC value, water temperature, 'and
Simultaneous groundwater level observation in the dry season was carried out
in the selected exrstmg wells 7 automatic water level recorders with shelters_
* were installed at the MRD test wells, 3 proposed and 8 tentatively proposed
sites for test welis were selected in'the Study Area. -
5) Water quahty analysrs A water quahty survey was carned out:in- the clry
season from August to September 1993. 61 water samples were collected for
- _the water supply analysis and geochemrcal mvestlgatlon and 10 samples were
“ - collected: for.the agrochemtcal analysrs The- water quality analysis and the '

hydrogeological m\[esttgatton were carried out by the National Water Quality
Laboratory of PW Fl_]l The agrochemtcal analysrs was carried out in Japan,

) Survey of:the water supply system and water use The present conclttron of the

existing water": supply system and its use’ were; confrrmed in-the field . =

" :investigation of this stage. A questronnatre survey on the present condttlon of _
‘water use'in 59 eommumtres was carried out. Womens role: m water use
(woman in development) was clanﬂed by means: of an. mtervrew survey inthe -
rural area. ' '

=Ty Socro-economtc survey ! Dunng thts stage, the socro~econorm sttuatton ot Fl]l e
~and-the socroeconomrc background of the Pro_]ect area were clanﬁed by means
of the. collected data ' P :




(3). First home work . -

- During this period, from the middle of October 1993 to the middle of November

1993 the following works were performed by the JICA Study T cam in Japan:

1) Geophysical prospecting analysis;
2) Meteorology and Hydrological analysis;
- 3) Hydrogeological analysis;
4) Water quality analysis;
5) Socio-economic analysis;
- 6) *Preparation of the Interim Report (1).

1.3.2 Work Progress in Phase 2

Phase 2 consisted of a second field investigation, including the submission of the

- Interim Report (1), and a third field investigation.

(1) Second field investigation

During the period from the middle of November 1993 to the end of March 1994,
the following works were performed by the JICA Study Team in cooperation with its
counterparts.

1) Submission of the Interim Report : The Interim Report (1) was submitted to
MRD and explained by the JICA Study Team in the middie of November
1993,

- 2) Ge_dphysic_al- prospecting : Detailed electromagnetic and electric sounding were
carried out at the proposed and alter_nativ.e test well drilling sites.

"3) Meteorological and hydrologlcal mvesugahon The main activities carried out
© .+ -in this period were additional meteorologlcal data collection and measurement
e of the run_q_ff of- small creeks during the: rainy season.

4) Hydrogejological investigalion - Simultaneous groundwater level observations
... were carried out in the raipy. season in the selected existi:ng' wells. Three
...:; automatic water Jevel recorders with shelters were installed at JICA's test wells



(2)

5) Water quality analysis : A water quality survey was carried out in the rainy
season from February to March 1993, 61 water samples were collected for the
water supply analysis and the geochemtcal mvestrgatton and 10 samples ‘were
collected for the agrochemical analysis. - : : ‘

~ 6) Test well drilling : Test well drilling was carried out by the JICA MRD Study

Team utilizing a used rotary dnlltng rig at three selected sites. -
Third field investigation

During the period, from the middle of May 1'_994 to theend of August 1994, the

following works were performed by the JICA Study Team in cooperation with its
~ counterparts. S C :

" 1) Test well drilling : Test well dnllmg was camed out at eight selected sites by
the JICA-MRD Study Team using a new JICA rotary ‘drilling ng and aused
MRD rotary dnllmg ng

2) Pumping test A pumpmg test was carried out by the J ICA MRD Study Team:
at 11 test well sites and two ex1st1ng MRD wells.: '

3) Water qualit'y analysis A water quality analysis was carried out at J ICA'stest: .
wells. 12 water samples were collected for the water supply analysrs and the
geochemlcal mvesugatton g

4) Meteorologtcal and hydrologlcal mvesugatlon "The main activities of this

period were additional meteorological data collection and measurement of the

~runoff of small ¢reeks during the dry season; A water’ balance analy31s was
: camedoutusmgatankmodel B

- 5) Hydrogeologtcal mvesugatton Sxmultaneous groundwater level observanons .

- were carried out in the dry season in the selected exrst;ng wells: ‘An evaluanon" '
- of the properties of the. geologlcal log and water well demgn of the test wells
was camed out. : ' '

;f‘,,_;"_; ;': .

6) Water supply system "The amount of: water consumed and demanded was

determmed through the fietd survey The constructlon cntena and constructton' o

" cost data were conﬁrmed



7) Socio-economic Survey : During this period, the populauon prolecuons for the
Project area were clarified.

8) Groundwater resources evaluation: During this period, a preliminary
groundwater resources evaluation was carried out in the Ba Uplands using a
groundwater simulation model.

1.3.3 Work Progress in Phase 3

Phase 3 consisted of a:second home work, a fourth field investigation, a third
home work, fifth field investigation, and fourth home work including preparation of the
Final Report . ' '

(1) Second home work -

During this period, from the beginning of September 1994 to the end of October
1994, the following works were performed by the JICA Study Team in Japan:

1) Hydrogeological analysis; - _
2) Preparation of a hydrogeological map and a groundwater evaluation map;
3} Formulation of an optimum pumping plan using a groundwater simulation
model; :
"+ 4) " Formulation of a groundwater development plan;
'5): Cost estimates for the groundwater deve!opment plan;
- 6) Pro_]ect evaluation; -
7) Preparation of the Interim Report (2).

(2) Fourth field investigation

~ During the period from the beginning of November 1994 to the end of December
- 1994, the following works were performed by the JICA Study Team in cooperauon
with its counterparts

1) Subrn1ss1on of the Interim Report The Interim Report (2) was submitted to

- MRD and explamed by the JICA Study Team in the middle of November
11993, e , S : -

The: proposed Jgroundw'atei' dev'elop'ment;plans' were ‘discussed, and three
priority schemes were selected from them.

-9 -



- 2) Following supplemental inv'estigations‘were carried out for the préliminary
design of the three priority schemes. b : e |
- Topographic survey by the counterparts usmg local consultants
‘Data collection for construction planning and cost estimates - ...+ -
- Detai'led invest_igatiOns!on water _Supp_lyi areas and:transmission pipe routes. .

(3) 'Third home work

‘During this period, from the beginning of Jahuary 1994 to the beginning of -
March 1995 the following works were performed by the JICA Study Team in Japan:

1) Formulation of the water supply plans;

2) Formulation of the implementation programs;

3} Formulation of th‘e operation and maintenance plans-; F
4)  Estimation of the Pro;eet COsts;

+ . 5) - Projectevaluation; - -
6) Environmental impact assessment;: -
7) Preparation of the Draft Final Report
-.8) Preparauon of the groundwater survey manual.

@) ;Fi_fth .ﬁel_d in_vesti'gatiqn o

'In March 1995, the Draft Final Report was pr_éparecl,--and-submittec_l-to._ MRD on
March 13, 1995, The JICA Study Team e:xplained__ the contents of the Report and
discussed the result of the Study with MRD and PWD at Suva on 13-14 March, 1995.

'(5) Fourth home work '

In May 1995 the Final Report was prepared with reference to the comments of
MRD and PWD through the dlscussmn and is sent to MRD

1.4 Organization of the Study Tear_n_

The JICA Study Team dlspatehed its engmeers to the Study Area on the schedule

described in the Inception Report for the executlon of the Study The: Study $0 far has o

been camed out; smoothly by the engmeers of the .HCA Study Team i in cooperauon wrth
-the personnel of the Counterpan Team. The members of both teams are. hsted in Table:
141 The assrgnment schedule of the JICA Study Team 18 shown in Frg 1 4 1.

L
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1.5 Training

The transfer of knowledge to the counterpart personnel has been carried out
throughout the Study in the field operations and in the office work. Water well drilling
techniques and pumping test methods were espéc_ially transferred to the MRD drilling
team during the test well drilling works.

Two counterparts were also been invited to Japan by JICA to obtain training on
groundwater development and water supply design in 1993 and 1994, respectively, '

Mr. Prem B. Kumar, the counterpart hydrogeologist of MRD, was invited to
Japan for one month from 21 October. 1993 to obtain 1ra'in_ing on groundwater
development. During his stay in Japan, he learned groundwater development methods
and the environmental control of groundwater development including the subsurface
dam reservoir, the monitoring system for protection against land subsidence, and
groundwater pollutioﬁ control.

~Mr. John Tavo, counterpart water engineer of PWD, was invited to Japan for
three weeks. from 13 October 1994 to obtain training on water supply design and
planning. During his stay in Japan, he took part in lectures and visited various factories

‘and facilities in order to gain _knowledge of the.technologies related to water supply and

sewerage systems in Japan.




2. STUDY AREA
2.1 Location and Topography

The Study Area 'is located in the northern coastal zone of Viti Levu and hasan -
area of 1,567 km2. The Study Area is bounded by the southern watefshed from which
rivers flow across the northern area from south to north, the northern coast, the
watershed of the Penang river on the: east and the eastern end of the Lautoka water
supply system on the west, as shown in the Location Map of the Study Aréa. Itlies at
17° 20'S to 17° 50'S longitude and 177° 30°E to 178" 10'E lattt_ude

‘The Study Area in general ‘consists ‘of 'm‘ountains an’d 1‘0\# hills except for the
narrow coastal plams along the nonhern coast. The southern and eastern marginal part.
of the Study Area is dominatéd bya broad expanse of mountains covenng more than 70 -
% of the whole Study Area. T he highest mountaln is: Mt Naqaranabulutl with an

“altitude of 1,127 m. - R

‘In the Study Area there are four miajor drainage syster'ns, the Ba river in.the =
~ western part, the Nasivi river and the Yaqara river in the central part, and the’ Penang
“river in the eastern part. The upper courses of these rivers are charactenzed by raprds

- ‘Extensive meanders and cutoff channels charactenze the lower course, '

- Hilly and gently undulatmg areas wrth an altitude of less than 100m are -
“predominant in the four major dramage systems and coastal area covering about 18% of
. the Study Area. Small creeks dtssect these areas, generally resulting in an undulatmg '
‘topography. These areas are normally cultivated for sugar cane. '

Talus deposits. including scree deposits are predominantly observed upstream of
the Yaqara river and to a lesser degree, upstream of the Ba river, Howeuer .
development of the areas underlain by these matenals seems 1o be very limited in the
steep mountainous.areas of the Study Area. Terrace deposits are observed along the
major rivers such as the Ba Nasm and Yagara rlvers g '

Alluv1al deposits are predommantly observed along the four major rivers and the '
 smaller rivers drammg drrect]y to the northern sea. Lowlands composed of silty sand
materials along the northern coastal zone are submerged when the tide is high and are * -
classified as tidal flats. The results of the landform classnﬁcanon of the Study Area are""- N
shown in Fig. 2.1.1, Landform Classxﬁcanon Map ' |




2.2 Climate

~The Study Area which is situated in the northern part of Viti Levu, is mostly
classified as the dry zone of the island with an average annual rainfall varying from
1,800 to 3,800 mm. Judged from the monthly i'ainfali pattern, the rainy season occurs
between December and April. ‘The rainy season peak is from January to March, with a
monthly rainfall of 300 to 500 mm. The total amount of rainfall which occurs over
these three months is about 50 % of the total annual rainfall. The dry season continues
from May to October. The monthly rainfall in this period decrease to less than 100
mm. ' a o

" The seasonal variation of the average temperature is not very significant ranging
from 24 °C 1027 °c throughout the year. The average daily maximum temperatures in
January are 32.4 °C at Rarawai Mill (Ba) and 31.2 °Cat Penang Mill (Rakiraki), while
the average daily minimum temperatures in July are 17.0 °C and 20.3 °C. Relative
humldlly records are not available at Rarawai Mill and Penang Mill. The relative
hum:dtty in Lautoka AES ranges ‘from 70 to 80 % during the year.

' The average eVap’ora'_tion'i‘s 4.9 mm/day at Rarawai Mill and 5.1 mm/day at
Penang Mill, equivalent to 1,788 mm and 1,861 mm a year, respectively. The
evaporation. ratio gradually increases: from the beginning of the wet season and
decreases forward the end of the wet season. The monthly values range from 100 to
190 mm at Rarawai Mill and 130 to 190 mm at Penang Mill. Evaporation exceeds
rainfall in the dry season. |

Agt'LaL:lto'ka AES, the avetage annual number of sunshine hours is 2,573 and the
monthly variation is relatwely minor, ranging from 187 to 237 hours. Records are not
~ available at Rarawai Mill and Penang Mill. The predominant winds are the trade winds
from the east or southeast. In general the winds are moderate throughout the year.
Along'the coast, 'daytim‘é's‘ea breezes regularly blow. The average wind speed at
Lautoka AES is 138 km/day. The mean meteorological data in the Studj,r Area are
shown in Table 2:2. 1 and F1g 22:1. : :

23 -Land‘Use u
The land use survey was carried out in the Study Area based on interpretation of

the aeriél photographs and field reconnaissance. The present land use pattern is closely
related to the topographic condition and vegetation. The land use is classified into



©seven categories i.e., (a) forestry area, (b) grassy area, (c) sugar cane field, (d) pasture,
(e) rock outcrop, (f) urban area, and (g) river bed. '

| - The inajorily of the forested areas are in the steep mountain region west of the Ba

urban area and south of the Vatukoula urban area; Light forest an_d scrub-areas are
. included in this. fo'restry aréa, The grassy area is mainly covered by.reeds, fern, and
weeds and is located in lhe steep mountain areas. Parts of the grassy area are used for.
vegetable gardens. .

o The sugar cane fields occupy the wide open low hill areas along the major rivers.
- such as the Ba river, Nasivi river, and Nakauvad.ra river. Included in the sugar cane
fields are vegetable gardens, and maize fields. Pasture covers the low hill areas of the
Yaqara river basin where cattle are left 0. graze. Non vegetated: land consists of rock.
_ outcrops, urban areas, and riverbeds, and occupies a very small part of the Study Area..

. The .results_ of the land .use classification of the Study __Areajare shown in Fig.
2.3.1 Land Classiﬁcation Map (1::10,000). - The percentage of a_rea,covered by each
land use type in this Study and the exist_ing land i_lse rn'ap (1:250,0_00) of Viti Levu :

prepafed by the Directorate of Overseas Sul;yeys in 1963, are summarized as follows: |

T " icA Study “Tand use map
' Landusetype” - 1993 (1:250,000)1963 -
T ST DT Area(kmz)_ . (%) - Area (km?), . (%)_,.

3694 23.6

Forestry area : 5345 354
Grassy area o 496.9 . 31.7 7945 50.6
* Sugarcane field 74474 ¢ 285073182 1203
Pasture -~ . .o 314000 .20 730 AT
Rock outcrop. S I 5 I I s
Urbanarea R v 05 ' 125 T 08

Total 15676 _' 1000 15676 1000

Accordmg to the above ﬁgures the percentages of forest areas and sugar cane :
fields have increased from 1963 to 1993 due to the results of there forestation of pine '

trees and the development of sugar cane field.in the grassy areas and pastures in recent - .

years.  Rock outcrop and river bed areas in the 1963 land use map are included i in other'- _. . |
categones ' ST : ' e
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2.4 Socio-cconomy
2.4,1 National Socio-economic Background
(1) Administration .

_ The administrations of ‘the Republic. of Fiji are composed of four divisions:
Central, Western, Northern, and Eastern, Each division is divided into several
Provinces, with a total of 15 provinces in the country. Further, the Provinces are
divided into Districts (Tikina) ranging from 2 to 14 uniis. At the lowest administrative
level are Communities (or Localities) averaging between 1 and 75 units per District,

MRD and PWD, which are directly related to the present study, belong to the
Ministry of Mineral Resources and Energy and the Ministry of Infrastructure and Public
Works, res’pectively; 1In.1993, MRD had 110 employees and was operated by seven
Principal Officers under the jurisdiction of one Director and two Deputy Directors.
PWD had about 4,000 employees, of which about 1,000 belong to the Water and
Sewérage Section, and was operated by sevc_n_Prinéipal Officers and three Divisional
Engineers under the control of one Director and two Deputy Directors. The
drganization charts are illustrated in Fig. 2.4.1 and 2.4.2,

(2) Population -, -

A population census has been ,condilcted eleven times since 1881 and the historic
“populations since the :1946 census are provided in Table 2.4.1. The population of Fiji
reached 715,375 in 1986 rising by 455,737 (about 175 %) since 1946. For the period
from 1976 to 1986 the annual growth rate was 1.98 %, the lowest rate of the historic
intercensal annual growth rates since 1946. In the 1986 Census, Fijians and Indians
which are the,two,ma_Jop ethnic groups, recorded populations of 329,305 and 348,704,
or 46.0 % and 48.7 % of the ,total'_pop'ulation, respectively.

SN A(}cordir';g_.to.-the p[ojections of the Bureau of Statistics, it is expected that Fiji's
population will be approximately 942,000 in 2011, increasing by 227,000 since the
1986 population census. The projected annual growth rate for this period average
1.1.%.. .. ' |
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(3) Gross Domestic Product (GDP)

Fiji's GDP at current prices amounted to F$ 1,955 million in 1991, an average
annual increase rate of 8.1 % from F$ 1,329 million in 1987. “The per capita GDP also
grew at an average high annual rate of 7.4 % during the same period, and amounted to
F$2 635 in 1991. However, the real average growth rates were only 2.7 % and 1 9 %
per annum for the same penod respectlvely (Table 24 2) s

" GDP of the agricultural sector, which'is thé major economic actrvrty sector of
| Fiji, accounted for about 20 % of the total GDP each’ year dunng the penod 1985- 1989,

and the average annual growth rate was 11 % dunng this period (Table 2.4. 3) Sugar
‘cane production accounted for 30 % to 40 % of agncultural GDP and the average
~ annual growth rate was about 30 % during the same period.” - ' -

‘In Fiji, tourism is also an important’ sector with. high economic’ growth.
_ Therefore, the trade, hotel, restaurant and cafe mdustnes related to tounsm accounted _
 fora high share of GDP, rangmg from 15 % to 23 %. The average’ growth rate of _
these mdustnes was’ 16 % per annum dunng the penod 1985- 1989 it

(4 Agricultural and M_anufacturing Products

The major agricultural products of Fiji are sugar cane, copra, paddy, tobacco,
cocoa, ginger, fish, and livestock. Of these, productions of copra, tobacco, ginger,
and chicken showed High growth at the average annual rate of 13.1 %; 16.9 %, 11.3
%, and 15. 2 %, respectwely, during the penod 1988-1992, While the productrons of .
paddy and beef 1nd1cated a negatwe average annual growth rate of - 2 4 % and -7 3 %,
respectlvely - : R IR : = '

The processed agncultural products are represented by sugar coconut oil, ﬂour "
butter, cigarettes, and stockfeed -Among them, coconut oil and stockfeed achreved _
hlgh growth at an annual rate of 12 5 % and 9.0 %, respecttvely, dunng the same

ll'l 1992 ’ _‘ ’ _- G i : >?

In F1_|1 sugar cane and sugar are the most 1mportant agncultural products Sugar cane _'
productlon rose at an annual rate of 3.8 % dunng the period 1988-1992, and in 1992 o
the production reached 3,533 thousand tonnes with a harvested area of 73 thousand .
hectares, that is, 48.6 tonnes/ha, Sugar productron amounted 1o 426 thousand tonnes . l T
in the same year, w:th a average annual rate of 51 % : g



The major manufacturing industrial products of Fiji include gold, silver, cement,
beer, paints, soap, and ‘soft drinks. Silver, cement, and soft drinks showed a
cons1derably hlgh ‘increase rate of 26.4 %, 18. 4 %, and 20.2 % per annum,
respectively during the period 1988-1992, Gold is among the significant traditional
products of Fiji, but its production declined during the same period.

(5) External Trade and Payments

- In 1992, Fiji's exports amounted to F$ 653,281,000, an average annual growth
rate of 6.1°% during the period 1988-1992. Principal exports are sugar, fish,
molasses, cork & wood, garments, and goid. The export of sugar, which ranks first,
amounted to F$ 221 281,000 in 1992. Garments and gold ranked second and third in
exports in 1992, totaling F$ 105,543,000 and F$ 60,723,000 respectively.

Fiji's imports amounted to F$ 938,448,000 in 1992, an average annual increase
rate of 11.0 % since 1988. Major import commodities are manufactured goods,
machinery, food, mineral fuel, and chemicals. Manufactured goods and machinery
" totaled F$ 233,695,000 and F$'_231,867,000, respectively, or 25 % each of the total
imports. The average annual growth rate of imports was 11.8 % for manufactured
goods and 21.1 % for machinery, durifig the périod 1988-1992.

- The external trade balance showed a deficit every year during the period 1988-
1992. Its average deficit amount per annum was F$ 260 million. However, this trade
deficit has been compensated by services including tourism. As a result, the total
balance of the trade and services accounts came to plus.F$ 36.5 million in 1991 and F$
51.8 million in 1992, |

' 'Th‘e' balance of the current account also showed a deficit in the years 1990, 1991
“and 1992, dué to the u'nfaVOfablé balance of accounts of investments and private |
transfers. This deficit was eompens‘ated by the capital account in these years.
| Accordmgly, the mternahona} payments of Fljl have mamtamed a favorable balance
'Slnce 1990.

©® 'Gszvemmem Finance

In 1992 the revenue and expendlture of the Central Government amounted to F$
550 588 000 and R"p 600 6]6 000 mcreasmg at the annual rates of 9.4 % and 8 5 %
.respecuvely, urmg the period 1988 1992 '
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The revenue is represén_ted.by two items;. (1) income tax and estate and gift
duties, and (2) customs and port duties. . In' 1992, the former afnounted to F$ .
245,916,000, and the: latter amounted to F$ 198 733,000, : The average annual . rise .
rates of both revenues were 14.1 % and 9.4 % respectwely, durmg the same period. -

On the other hand, expendi_ture' of t_he Central 'Go'vemment consists mainly of'
departmental expenditure and public debt charges. In 1992, these'expendit_ures.wcre
F$ 451,238,000 and F$ 123,544,000 which accounted for 75 % and 20 % of the total
‘expenditure, respectively. - During the period 1988-1 992, the former. was rising at an '
average annual rate of 15 %; while the latter was decreasing at an average annual rate of -
minus 5%. ... | ' '

The budgets of MLMRE; 'MRD and"PWD who are closely related to the present-
study, grew at a hlgh average annual rate of 17.7 %, 18.2 %, and 14.9 % respectlvely,
during the period 1989-1993, and in 1993 they amounted to. F$ 13 792,000, F$
2977000andF$ 100,677,000,

(?)‘;‘W_age;andPricesf \ -_{,

According to the wagc‘stétistic:s-.of .Fiji,,tlgeal_ébo_r ::w_age was F$ 12.64 per.day.on .
average'for all industries in 1989, and its av'erage;' growth showed a low annual rate of
1.3 % during the period 1985-1989. The electﬁcity,.séclor showed the maximum daily

" wage of F$ 15.60, and the miﬁimum was F$.1 ,1..36._in.the _maﬁ_ufactu_ring sector.and F$. -
1192 in the agricultural sector -~

Table 2.4.4 shows the consumer pﬁce index of Fiji for the peri_bd_ fr_c.:m'_lr‘Q'SB to
1992. The éverage annual inflation for general priceé was_6.4 %, of which the service
and housing sectors showed. comparativély high inflation of 10.8 % and. 9.9.% per -
annum, respectively. In recent years, inflation has. been h}gher than. wage rises, causing:
~people to.suffer an mev1table declme in theu‘ standard of. lwmg :

' 2.4.2 Socio-econ’omic‘Conditno’ns in t_he Study Ar'e_a "
(1} General
~ The socio- economlc condmons in the Study Area are based mamly on the resultE '
of the questmnnalre survey, because the reglonal socm CCO]‘IO]‘I‘!IC data except

'populatlon statlsucs are unavaﬂable The quest10nna1re survey was camed 'ut by the -
. JICA Study ' Team in cooperatnon w1th thc counterpart pe sonnel \

e



existing socio-economic conditions relatmg to the water supply and consumption in the
Study Area C

The survey was carried out in 9 communities, where the water supply appeared
to be insufficient. In addition to the implementation of this survey, a fact-finding
inquiry regarding the economy of households was conducted for 179 households, at an
average rate of three households per community.

The Study Area is situated on the northern coastal area of Viti Levu, the largest
island with an area of 10,429 km?, and stretches over the Ba and Ra Provinces in the
Western Division. It has a total land of 1,567.6 km?2, and contains all of the Ba District |
and most of the Magodro and Tavua Districts in the Ba province and most of the -

* Rakiraki Districts and a part of the Saivou District in the Ra Province.

: (2) Regional Population

Table 2.4.5 presents the populanon of each province in 1986. Ba and Ra
Provinces, Wthh include the Study Area, had populations of 197 633 and 31 285,
respect_l_vely. The total population of both Provinces, 228,918, accounted for 32 % of

Fiji's _p__opulatiQn. .

The dlstrlbutlon of populatlon number of households, and the average famlly

_ size in 1986 are shown in Table E-2. 2, in APPENDIX E. The contents of the 1able are

summarlzed below:

- :;'Po.pulatio'.n, Number of Households, and Ave_rage Family
. Size in Districts Related to the Study Area, 1986

_ “Province/ o T - “Number of ' - Average
.. . District - ... Population . Households - Family Size-
o . : ' (persons/hh)
| Ba Province; '
. BaDist, 44,416 . . 7,675 . - 5.8
Magodro Dist. 6,107 - 960 6.4
. TavuaDist. 25,509 - 4,325 5.9
S Total 76,0320 0 12,960 5.9
-. -“:RaProvmce R : | | :
- . . Rakiraki Dist. 15,325 0 2,690 N
. -Saivou Dist, 7,109 1,163 6.1
o Towl 22434 38‘53. B 5.8
;Total in Study Arca.. - 98 466_ e =_16,‘813 5.9

19



- In 1986, the Study Area had an approximate population of 98,500 with 16,800
“households. The family size was 5.9 persons/hh on average, consrstmg of 6.1
persons/hh for Fl_grans, 5.8 persons/hh for Indrans and 4.9 persons/hh for other ethnic

 groups.. R T T ST e

(3) Existing Socio-ecorromic,Conditiorrs of Comm_ur_ri_ties__ L
1). Population, Number of Households and Family Srz,e

In 1986 the populatron and number of households were 25 933 and 4 448 for 51
commumtres (except 8 communities where the population figures are unavarlable)'
- _respectrvely, _accordingly the average family size was 5 83 ‘persons per. household
This size is nearly equivalent to the average ﬁgure for the Study Area shown in the.
above table. The drs'mbutron accordmg to-each Tikina is provrded in Secuon 2 3.2,
Appendix-E. R '

2y _"'Ma_in_ 'Occ'upat_i_ons and AVerage IhriOme of Households R

The households in the 59 commumtres are mamly sugar cane plantauons The_
" households which engage in agricultural activities account for 82 % of the total number
of households, where 66 % are self-employed and. 16 % are wage laborers The
: dlstnbutlon of occupdnons accordmg to each lelna 1s shown 1n Sectron 2 3 2 -~
APPENDIX-E. | . | e

The Study Area is one of the poorest areas in Fiji. The 'average monthly income
per household in the' survey area iin 1992 was estimated- at F$ 124 (equivalent
approximately to the per capita income of F$ ;280')" consisting of'F$ 74 in Ba Tikina,
F$ 147 in Tavua Tikina, F$ 80 in Vuda Tikina, and F$ 1501in Rakrrakr Tikina(refer to
Table E-2.4, Appendrx E) These i incomes are: qurte low compared to Fr_u s average '
GDP per caplta ofF$ 1,200 in 1992. - |

3)  Consumption and Sources of =l_‘)o_mestic Water .

‘Domestic water.consumption in 1992, based on. information o'b'tair{éd ’from'the

leaders of 59 communmes was estimated at 82 lpcd (htter/caprta/day) on average and- o

ranged from 20 to 200 lped for the 59 commumtles i

The percentage of water sources used by households is 7.% for the regronal water _
supply system, 26 % for the communal water supply- system; and 67 % for. other water -
sources in the rainy. season On the’ other hand in the dry season the percentages are . :



5%, 15 %, and 80 %, respecuvely The detall is described in Section 2.3.3,
APPENDIX-E. RN : -

4} - Distance to W_ater Sources and Hours Spent Fetching Water

In areas without water supply systems, the average distance to water sources is
estimated at 194 meters in the rainy season and 903 meters in the dry season for the 59
communities in the survey area, based on information obtained from the leaders of the
respective communities (refer to Table E-2.5 in' APPENDIX-E).

Oni the other hand, based on information obtained through the questionnaires
handed outto 179 households in the 59 communities, the average distance to the water
sources, are surmmarized, according to water source and season, below:

"Avera'g'e Distance from Hoijse_h(_)lds to Water Sources

Water Sources
- Seasons

DW. TW. RCS. Others

| RamySeason- 214 "“15 Css2 1,36l
o Dry Season- 360 24 1,468 3,125

o Note:- -Unit : mcter PSRRI .
- D.W.=Dug Wells T W. = Tube Wells
R.C. S = Rivers, Creeks and Springs
Others = supply from relatives, acquaintances, etc.

It is noteworthy that the average distal_ice to R.C.S. and other sources in the dry

~ season is over twice the distance in the rainy season. Details are provided in Tables E-
. 2.7 and E-2.8 in APPENDIX-E.

‘Based on information obtained from the leaders. of the 59 communities, the

- average amount of time which the inhabitants of areas without water supply systems
. spent to fetch daily. water, was est:mated at 0.8 hours/day/household (for an average

distance of 194 m) in the ramy season and-2.0 hours/day/household (for.an average

: dlslance of 903 m) in the dry season. - In addition, emergency water was supplied by
PWDss. water tankers to about 25 (42 %) of the 59 communities, for 5 or 6 months
, durmg the dry season between 1990- 1992
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On the other hand, according to information obtained through the questionnaires
handed out to 179 households, the average number of hours spent to fetch water was
1.3 hours/day/household in the rainy season and 2.3 hours/day/household m the dry
season. These ﬁgures are much htgher than the: 1nfonnanon obtained from the leaders
of the communities.

5).  Consciousness of lnh_abitants with Regard-to'the Existing Water Supply ~ .- -

According to information obtained from the-leaders of the 59 communities, more
than 90 % of the total number of inhabitants are dissatisfied with the insufficient
amount of water:supplied, and 42.% of the inhabitants feel that at present; the water
supply costs are-expensive, mcludrng the cost of operatmg motors for drawmg water _
from wells, the hours spent to fetch: water from the: walter sources, and the cost of
obtaining water from buyers, in areas. wrthout a water supply system ‘A detatled

breakdown is presented in Table E 2. 6 in APPENDIX E.

6) Women's activities

The activities of housevvives were e)tarrtined 'using questionnaires handed out to
" the leaders of 55 cornmumtles ( except 4 commumttes wrthout avarlable data)
_Housewrves in the survey area spend an average of 3.8 hours per day engaged in
farming and other activities, The housewives in Tavua and Rakiraki Trkmas spend
' longer hours engaged i in farrmng or other actwmes than those in Ba and Vuda Ttkmas
(refer to Table E-2.4 in APPENDIX E) Thrs may be. due to the fact that the ratio of
farming wage labor households to the. fotal number of households in the former two
Tikinas is hrgher than that of the latter two Tikinas, and that many housewwes of the

wage labor households are mvolved in famung actwmes dunng the day

) 'Waterbome D_iseases

" The number of cases of waterborne: drseases accordmg to mformatlon obtamed _ 2

from the leaders of 59 communities; was ‘estimated atan average of 27; 000 persons per o
annum for the penod between 1990 and 1992;- ‘This corresponds approxrmately toone

case/person/year (refer to Table E-2 01 m APPENDIX E)

Tavua Trkma had a: comparatlvely hlgh number of: waterbome dlsease cases,_ :

‘about 2 per pérson, and 9 deaths per annum;’ However, almost” all of these were'

simple diarrhea cases, and m general good samtary condltrons are bemg malntamed in .
these areas. o i ' '



8).. Water Cost-per Household and Willingness to Pay -

The monthly cost of fetching water per household and the willingness of the
inhabitants to pay for water supplied from the system was examined using
q'ueSﬁOrihai_iés’"h‘aﬁded'out to 179 hou'seholdsih the 59 communities. As 4 result, 166
samples for the water cost per household and 174 samples for the willingness to pay
were obtained. '

~The average monthly cost of :fétching water per household is estimated at F$ 3.0
for the Ba Tikina, F$-10.1 ;fo:r the Tavua Tikina, F$ 8.9 for the Vuda Tikina, F$ 2.9 for
the ,RakirakiirTikina, and F$-6.4 for the whole survey area (refer to Table E-2.9,
APPENDIX—E,).,"I‘hese,'eosls_-correspond- 10 4.0 %, 6.9 %, 11.1 %, 1.9 %, and 5.2 %
of the average monthly income of houscholds, respectively. This ratio is comparatively
high, especially in the Tavua and Vuda Tikinas. It is desired that in general this ratio-
should not be more than 5 %.

" The “Wil!ingheSs to pay" of households is estimated at F$ 5.4 on an average per
month for the Ba Tikina, F$ 11.4 for the Tavua Tikina, F$ 5.6 for the Vuda Tikina, F$
6. 8 for the Rak1rak1 Tikina, and F$ 8.2 for the whole survey area. These seem to be

fairly high, ]udgmg from the actual monthly payment of F$ 2 or 3 per household with

a water supply system, 1 in the Ba and Ra Provmees

The amouri_ts ment_ienedr above for the *‘wiliingness to pay"' correspond to 7.3 %,
7.8 %, 7.0°%, 4.5 %, and. 6.6 % of the average monthly income of households,
respectively, -provirig to be rather' burdensome for the households.

2.5 Present Water St-ip-ply"Syst‘ems: |

‘The Study Area is broadly divided into three districts in view of the water supply
system, consisting of Ba, Tavua, and Rak_iraki. Ba district embraces three Tikinas (Ba,

| - Vuda in part and Magodro in part) including Ba town, and Tavua district includes two

Tiki'nes_(’l‘avua and Navosa.in"part) including Tavua and Vatukoula towns. Rakiraki

district 'censi__sts of Rakiraki and Saivou Tikinas including Rakiraki (Vaileka) town,

' The water.supply'ih the 'Project Area is composed of the PWD regional water

_'supply systems ‘communal water supply systems constructed by communities,

pnvately owned boreholes construcled with govemmemal subsidies, and water supply

- systems ‘owned by ‘private ‘Companies; Other than thesé systems, dug wells, tube
o wells, ramwater roof tanks, and river/creek water are the main sources of supply. In
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the dry season, many commumtres face water shortage probiems, forcing emergency
water to be supphed

. In this section the present conditions of the water supply systems are described
and the roles of the public governmental ofﬁces mvolved in the water supply sector are -
also set forth ' ’ '

2.5.1 Public Water Supply Organizations -

“Planning and des’lgn of the regional water supply facilities is conducted in the
Head Office of PWD in Suva: ‘Conistruction and maintenance of the regional water
supply facilities in the Study Area is conducted by the: Western Drvrsronal Office of.
PWD in Lautoka. ‘Under the dmsronal office, PWD has respectwe branch offices in
each district, Ba, Tavua,’ and_Rakrrakr,- to facilitate operatton and maintenance of the.
systems:" ' -

With regard to the water supply plan in the Study Area various efforts have been
emphasrzed by PWD. The followmg documents roughly present the latest. water
' supply plan, including the future water demand forecast and recommendatlons for the.
. extension of the water supply systems Extensions have been conducted followmg the
recommended plan. ' '

- Ba Regional Water Supply 'Dist'rib'ution Study, ldtnés Flu‘éan "Peace"Corp'_
Volunteers Janudry 1985 (heremafter referred to as the "Ba Report")

- Favua-Vatukoula Reglonal Water Supply Study, Hamson Grierson Consultants
Ltd., May 1985 (herer_nafter referred to the as "Tdvua/V atul;oula Report”) -

_ Draft Raklrakl Water Supply Master Plan, Fred de Brujm September 1985 o
~ (hereinafter referred to the as "Raktraln Report")

’I‘he followmg pamphlet was prepared by PWD

Lo Tavua / Vatukoula Regronal Water Supply ‘Scheme, PWD November 1989 :

(heremafter referred to the as. "’I‘avua/V atukoula Pamphlet") '

PWD is also mvolved in the communal water supply, the borehole submdy -
scheme and the emergency waler supply ' SRS R L

Other than PWD the Mlmstry of Health (MOH) and the thstry of F1_|1an Affalrs o
_and Regronal Dcveloprnent (MFARD) are 1nvolved in’ government supported or. -_




rmplemented rural water supply programs. MOH sometimes implements or finances
the communal water supply projects. -

MFARD carries out communal water supply projects and is also responsible for
the emergency water supply. The following report has been prepared by MFARD, in
cooperation with United Nations Department of Humanitarian Affairs - South Pacific
Office, to understand drought hazards and the vulnerability and conditions of the
emergency water ‘supply in. periods of drought, for the whole. area of Fiji.
Recommendations for mitigation of future droughts are described in the report.

- Assessment of Drought Problems in Fiji, MFARD and United Nations
Department of Humanitarian Affairs - South Pacific Office, April 1993
(hereinafter referred to as the "Drought Assessment Report”)

2.5.2 PWD Regional Water Supply Systems

PWD has three piped water supply systems in the Study Area. The water supply
systems cover a large area, with the towns as the water demand centers. Since the
systems have spread outside the outskirts of the town areas, they have effectively
become :regional'water-'s_upply systems rather than urban water supply systems. The
service areas of the existing water sﬁpply systems and the future extensions, are shown
- in Fig. 2.5.1. The outlines of the systems.and their existing conditions are briefly
“explained. '

(1) Ba regronal water supply system -

BV Source of supply

_ The potable water for the Ba regronal system is denved from three surface water
sources and four groundwalter SOUrces.

The raw water system of 'the surface water sources consists of gravity and
pumpmg systems There are  two. _gravity intakes on the upper Varaciva and
Nawetavuni rivers and a pumpmg intake on the lower Varaciva river. The raw water

"abstracted at the three intakes is conveyed to the Waiwai water treatment plant through
raw water mains. The total average flow into the treatment plant is 556 m3/hr, (=
13,344 m3/day) and the safe yield in periods of drought over a 15 year return period is
estimated in the Ba Report, at 342 m3/hr (= 8,200 m%/day). However, the effective

" safe yield flowing into-the treatment plant is only 80 I/sec (= 6,910 m3/day = 288

~ m3/hr) because the raw water mains of the gravity systems join on the way to the
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treatment plant, and the intakes of the two gravity sources are built with.a difference in
elevation of 5 m, causing only one gravity intake to function at any given time .. .~

. Four groundwater sources, Varavuy, Navoli, Koronubu and Veisaru boreholes,
are at present in operation for the regional system. -The borehole water 1s pumped up to
the service reservoir located in the vicinity of each borehole and de]rvered to house
connections untreated. The boreholes were initially deve]oped as a-water source for the
communal water supply system in the areas surrounding the. boreholes:: At p_resent, the
boreholes are used as one of th_e water sources for the regional:system, _being connected
by prpehne ' '

~ The locations and features of the.water sources are shown Frg 2 5 2 and Table
2, 5 1, respectively. - ‘

'2)  Water treatment plant

.. The Waiwai water treatment plant was expanded in 1991. The :Ba Report states
that originally the treatment plant consisted of only pressure ﬁltration using 12 vertical -
_pressure filters with a capacrty of 23 m3/hr- each Although a total capacity of 6,550
m3/day was possible, 1t was reduced to about 6,000 m3/day. durmg heavy rainfall on’
account of the continual backwashmg of the pressure filters due. to the high turbidity-of
the raw water... However the actual treatment. capacity is assumed as 5,500 m3/day.

: based on the interview survey at the treatment plant.

"I‘o augment the produetion capacity; a primary sedimentation basin .was
constructed in 1991 and B pressure filters were added smultaneously .According to '-
the interview survey, the total capacity was increased to-7,500 m3/day by the -
augmentation. The features and present operation mode of the treatment plant are
shown in Table 251 _ Treated water 1s drrectly dehvered to the serv1ce
reservorrs/house connectrons d1rectly via two storage reservo1rs in the treatment plant

3) Distributio_n System

There’ are 5 existing service reservorrs, mcludmg the storage reservorrs in the o
Warwat water treatment plant and 2 planned service reservorrs The prmcrpal features N

In addltton, the servrce reservorrs of the boreholes serve the nearby areas

The AC trunk mam, 300 mm: drameter X, 5 394 m long, conneets the Watwar 0

_treatment plant to Vaqra reservorr The trunk marn and the Vaqra reservorr were_




constructed simultaneously in 1989, The purpose of these structures is to augment the
water supply on the east bank of the Ba river.

_ Vumsamaloa reservoir was constructed in 1990 in order to serve Vumsamaloa,
Vaqia, Korovuto and Namada areas and the high area of Koronubu and Veisaru
b_oreho]e zones. The Wate_r is pumped up from the Waiwai-Vagia trunk main through

" the PVC pumping main, 150 mm diameter x 2,124 m long, at the booster pump
station. 'The booster pump station was constructed in 1990." Two pumps, one for
standby, are ‘instalied in the pump station, Each pump has 42 m in head and 11.5 1/sec
in capacity. Varadoh reservoir used to supply water to the town area, but at present it is

“used for’ emergency purposes only as its water level is lower than the Hydrauhc
Gradtent Level (HGL) of the plpelme in the vicinity of the reservoir.

The water for the Tauvagavaga reservoir is pumped up at the Tauvagavaga
booster pump station. Two pumps, one for standby, were installed in the pump
stauon The detalled study for and design of the planned Vadravadra and Vadraulailai
reservons have not been camed out and the plans arcata conceptual level

(2) Tavua/ Vatukotlla' reg'ional water supply system

* The Tavua waterworks were constructed in the 1950s and had abstracted water
from the Nasivi river 800 m upstream of the Kings road bridge. The Vatukoula Gold
 Mine has its own water supply system which delivered untreated water for domestic
and industrial uses to Vatukoula town. The risk of poliution of the water supply
system due to chemical deposits of ¢ffluent from the mining were of concem for many
years, a8 the abstraction was made downstream of the effluent point . '

To cope with the increasing water demand and the risk of pollution, the
government decided to develop a new water sup‘ply system. This scheme includes an
mtake on the Nas:v1 river downstream of the mme intake, but upstream of the eftluent
pomt a treatment plant and a servu,e Teservoir and supersedes the initial intake and
treatment plant The constructton commenced in late 1986 with completlon in
November 1989. The scheme consists of Stage Iand I, of Wthh the exlstmg facilities
are mcluded in Stage L

The prm01p1e features and locatlon of the reglonal water supp}y system are shown
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- 1) - Source of supply -

The intake is located just downstream of the Emperor Mine Intake on the Nasivi
river. Water is abstracied by the submersible pumps as described in Table 2,5.2. The
pumps are controlied either manually or by a s1gnal generated by the water level in the
main storage TESErvoir. - ' ' ' ‘

‘ The Tavua/ Vatukoula report re\reals that the mine intake has 6 purnps housed in
' 1ts intake tower,  The pump capacity is 36m3/hr (= 227 Ifsec)’ each ‘with a pumping
head of 120 m. The source capacity at the mme intake was studied and estrmated by
' PWD as 250 l/sec in: penods of drought over a 15 year return penod However itis
said that the Emperor Mining Company has water nghts to abstract 250 I/sec of water
In periods of drought, there is no water available for the regronal system when water is |
abstracted at the mine mtake e Y R :

_2)_:- ;Water tteamlent_plaﬂt:

The water treatment plant cohsists;‘of_ the mixing chamber, clarifier and filter.
_Their features are shownin T able 2.5, 2. The treatment plant has been' designed to treat
5,500 m3/day (Stage ), and with future extenswn 8 250 m3/day (Stage II) by when it

is envrsaged 25,000 people will be served (2005) :

The raw water AC r1s1ng mam, 300 mm dtameter X 500 m ]ong, lmks the 1ntake '
10 the treatment plant After the treatment process,. treated water enters the pump well, |
from where itis pumped to the main storage, reservorr through the clear water AC prpe :
rising main, 300 mm drameter X 1 050 m long. The booster pumps are controlled
automatically by water passing from the treatm_ent plant

3) Distribution.system

The service area at present extends from Tag1tag1 toward Ba and Nabuna toward-
Raktrakt mcludmg Tavua and Vatukoula towns and the area in between The servrce
area 1s planned to expand to cover Rabulu toward Raklrakt 1ncludmg Korovou, Balata :
and Malele and Qalela toward Ba ' - '

The water is. dehvered to consumers mamly through the old d1str1but10n prpes S
which are connected 1 the mam storage reservorr by the dlstnbutron mams AC plpe of S

750'm in length and 300 mm in drameter The storage reservoirs. of the old Tavua_:
water treatment plant are used as the service reservoirs of the Tavua town area and its

neighboring area. And the Tagitagi reservoir, which was used as the storage tank of- B
the Tagrtagl borehole and i is abandoned at present serves consumers in the west -



~ A boostér pump station is planned at Nabuta about 4 km east, along Kings Road,
of the Tavuia town, to supply wateér for thé eastern service area up to Rabulu. The plan,
however, is still at a conceptual level. ' '

(3) Rakiraki regional water supply system

The Rakiraki regional water supply system has a less documented definite plan
and detailed study. The existing condition and proposals for the future extension of the
system are set forth in the Ra.k:rakt report, which is, however, at the draft level, and the
augmentauon plan has been undertaken in part accordmg to the recommendations
outhned in the report PWD has the extensmn plans of the system, however, these are
not documented yet '

' Locatic')ns of the regional water supply facilities are shown in Fig. 2.5.4.
1)  Source of supply

.. The potable water is derived from three surface water sources consisting of two
 gravity sources and one.pumping source.

. Narara and Nakasm creeks the gravity sources, have a small catchment area at
the intake pomt totahng 3.56 km2. The available water of these two sources amounts to
almost nil in the dry season. It has been reported that the water is usually of an
" acceptable physical quality for water supply, however, color and turbidity increase
during the rainy season and bacteriological contamination is rather high. The Nakasia
source consists of upper and lower intake dams. A storage tank was installed at the
upper intake. During dayti'me_'_in drought periods the upper source is closed to fill the
storage tank and the lower source is opened to deliver waler.

'[he_;pipes ‘fr'om_ t'h_e Narara and Nakasia sources join and deliver water to
consumers in t_he_ upper part of the service area of the system. The joined pipes _then
connect 1o the distribution p_ipes from the town reservoir, which stores the water from
 the pumping source. Since HGL of the gravity pipe is lower than that of the pipe from
the reserVOir at the connecting point, the g'raVity water cannot enter the distribution
: system in the lower service area when water IS dehvered from the reservoir. When the
yield of the. Nakasxa source is sufftc:tent all the grav1ty water comes. from it,
suppressmg the Narara water because the Nakasm scurce is more elevated.

: '_I‘he Nakau_vadra pumplng source is located 1 km south of the Vaileka town
~ center: '_'I‘hle__ water.is pumped up by three pumps through two pressure filters to the
 storage reservoir (Town reservoir) which has a storage volume of 568 m* and WL of
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116 m. The water from the pumping source is usually of a reasonable physical quality,
but turbidity and color increase after heavy rainfall and ba_cte_ri_ologicai contamination is.
rather high. The pumping station has flooded several times, - - '

2)  Water treatment

- There are no full treatment facilities.in the system. Only chlorination has been
carried out at both the gravity and pumping sources. : ' '

Both the gravrty sources are separately chlormated m a concrete box located at
the upper Nakasm and Narara 1ntakes by mrxmg in an arnount of hypochlonte solutron'
twice daily. ‘This is a very inaccurate measure of dtsmfectton and qu1te unrehable on af
24 hour basis. The disinfection .metho_d is considered to cause mgmfrcant
bacteriological c_ontarnination of both gravity sources. . In addition; the Nakasia source
is not disinfected during the closing period of the upper sOuree. '

- The Nakauvadra pumpmg water is chlorinated in the _pump sump at the pumprng
station bya continuous drip feed of* hypochlonte solution. *The water i pumped then
through the pressure filters. Since the walter is chlonnated prior to- ﬁltratlon alot'of

_ chlorlne is absorbed by suspended parttoles especrally after heavy rainfall when the
river water drsplays a hrgh eontent of suspended sohds and a dark color Thr_s .
chlormauon method is madequate _ ' R

3)" Drstnbutton system o

The system is divided into daytlme (‘5 30~20 30) and mghtttme (20 30~5 30) In
~ the d_aytlme,the water from the pumping source is purnped,t_o the Town reservoir and
reticulated to the lower part of the service area (downstream of the reservoir)‘and the
upper part of the service area is served with water from the gravrty sources, In the
mghttlme the pumped water is stored in the Town reservorr and is not retrculated The -
water from the- gravrty sources is dehvered to all the eonsumers in the servrce area :

When the water is: drscharged from the reservorr the gravrty water cannot be
reticulated to the lower part of the servrce area, - '

4 Problerns faced 'and 'meas'uresto "s'olve"them"_"":""”

There are @ lot of problems in adequately operatmg the extstmg water supply
The problems faced are o § e

o (a) madequate water treatment of both the gravrty and pumpmg sources ki
(b) tmpossrble abstractlon from the two gravr

‘fsou_rces _stmultaneously,




- (c).. impossible reticulation to the lower part of the service area from the gravity
- . and pumping sources simultaneously, and
. {d), flooding of the pumping station.

| To solve the above problems, the followmg measures have been consrdered and
unplemented m part.

" (a)‘1 to construct a ‘waler treatment plant 1ncludmg chlormanon and filtration
facilities for the gravity sources '
(@)-2 to 1mprove the existing water treatment facilities in the pump station and/or
- . | to construct a new water treatment plant for the pumplng source
" C(b)-1 to 1mprove the gravity i intake facility by raising up the Narara dam
(b)—2 to dupllcate the plpe from the Narara intake
(c)-1 10 construct a "Low Level Reservoir” for the grav1ty sources
{(c)-2 toinstall a bypass pipe in the town area: This installation was done in 1993
not only for problem c) but also for the future extension of the service area
described below _ _
’ (d)-l to relocate the pump station and to construct new water treatment works
' (d) 2 to construct boreholes for replacement of the pumpmg source

‘ These measures are- schematrcally 1llustrated in F1g 2.5.5,

. As well as measures 0 solve the_problems faced at present, the future expansion
- plan of the service area has also been considered at a conceptual level. PWD has a plan
to create two service areas as follows: "Town Area" to be served with water from the
pumping source via the existing Town reservoir, and "Other Areas” to be served with
‘water from the gravity sources via the planned low level reservoir. To expand the
* sérvice area‘toward the east, the instailation of the bypass pipe was done as described
above. A booster_ pump s‘tattion may be constructed, depending on HGL required, to
supply water 10 the edge of the service area in the future expansion,

253, Odder Water-Suppl_y Systemns
(1) Communal water s'upb'ly’syst-ern’s .

‘_ Three governmental offrces MFARD MOH and PWD are involved in the
: 1mplementatlon and ﬁnancral assistance of the communal water supply system pro;ects
' The systems are orgamzed by only one ofﬁce, which receive requests from the
z commumues
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Projects conducted by MFARD are carried out under the responsibility. of the
MFARD District Officer. The projects ‘typically include a borehote with a pump, a
storage tank, and a gravitation fed piped water supply. In general, MFARD provides
the storage tank and pipes, and the commumty pay for the other parts and provrde the
unskilled labor. MOH, through its district health officers, sometrmes rmp]ements or
finances communal pro;ects as well. ‘Notall the water supply facilities 1mptemented by'
MFARD and MOH are well engineered, therefore, problems with the facrlmes have
occasronally arisen. '

' PWD has constructed communal water supply systems under the: "Self help Rurai
Supply Scheme Wh]Ch has been 1mplemented by the govemment dunng the past 20
years. “Rural Water Supply in Fl]l was prepared by PWD as ‘the. manual for the
survey, design, and cost estlmate of the systems The survey, desrgn, _and cost
estlmate are camed out by PWD '

" The cost of the scheme isapportio_n'ed in the following way: R

.- The .cost of the construction.material _re_qu'ir'e_d_to compléte the system is
estimated and the commanity is required to contribute one-third of the cost.
- The "government' contributes the remaining two- third of the cost. for the
constructron materials, together with the costs of transportatlon to the nearest
- road access or landmg pomt and the prcmsron of skrlled labor such as ptpe_
ﬁtters - -

Thus, when the scheme is proposed the commumty is requlred to provrde the
followmg ' e e R e e T ' S

- The requrred funds to be depos1ted w1th PWD to cover.one- thrrd of the cost of e

the constructron matertals S '

- Transportation of - the constructlon matenals from the shrp or nearest; road_
access. -

- When construction 1s bemg carried out, all necessary unskrlled 1abor’ and

housmg for the PWD employees engaged on the scheme o Lo

When the system is completed PWD mamtams the system for a perrod of 6.
months, then it is handed over to the commumty, whlch becomes entrrely responsrble -
for mamtenance and repalr ' ' o s




(2) Borehole subs1dy

'Ihe ob}ectwe of thts scheme isto encourage pnvate people or groups of people 10
develop boreholes for water supply by offering a government subsidy towards the cost
of the works. The procedure for requesting the subsidy and construction of the
boreholes with the subsrdy is as follows:

- appllcauons to PWD by a person / people requesting the subs1dy _

- checking .of the _apphcatlons by PWD and written approval of the subsidy by
PWD | "

- arrangement w1th a contractor for constructlon of the borehole and land and s1te |

- access an‘angement by the applicant

- prov131on of a written notice, at least one day before the commencement of the
work by the contractor, to the Divisional Engineer of PWD |

- site inspection by PWD within 14 days after the commencement of the work

- admission and payment to the contractor

'The contractor shall guarantee: the completed borehole for a period of two_years
from the date of the PWD inspection. In general, applications are not approved in areas
where the PWD water supply is available, or where there already is an alternative and
reliable: water supply. The: subsidy only covers the borehole and never exceeds
- F$1,000 for. .any one borehole. The pumping equipment, engines, pipework, tanks,
and ‘all - other ftttmgs, together with their O&M, are entirely the applicant's

- responsxblhty

(3) Water supply systems owned by private companies

The Fiji 'Sugar Corporation (FSC) water systems supply piped water for
mdustnal use in the FSC factories and domestic use in the employees quarters. The
source of the systems is. surface water from rivers/creeks. There are two FSC systems,
are in Ba and one in Rakiraki. The systems are independent water supply systems of
the PWD reglonal system

B The FSC sy’st’em in Ba abstracts water from the Samau creek, one of the

tributaries of the Bariver. The water is chlorinated at the intake and then delivered to

“the FSC quarter located near Ba town. ‘Three boreholes were dug within the quarter
_ '-for emergency clomesnc water supply

_ The FSC system tn Raklrakt whtch normally abstracts water from the Tuvavatu
L river and the Penang river in drought periods, is only used for running the factory,
_ whlle the. Raktrakt reglonal system is.used to serve the staff quarters. FSC has
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indicated that it will continue to provide its own independent water supply.to run the :
mill, Although in emergency situations a request may be made to PWD to use PWD
regronal water, no extra allowance needs to be made o provrde the sugar m111 with:

The Dayal system was constructed n 1957 priorto the PWD Ba regronal system :
Water is abstracted at the intake dam on Waise creek and delivered dlrectly to the_
households wrthout treatment or bemg stored in a reservorr " The service area of the
Dayal system is ad]acent to that of the Ba reglonal system along the northern border,
and has been reduced in-accordance with the extensron of the reglonal system
Presently the Dayal system serves about 300 households with a charge of F$80 per
household annually ‘However, the collectron of the charges is 1nefﬁc1ent and the Dayal
company would hke to sell the system to PWD. The people who | use the Dayal System
have complamed of its poor water quahty and 1nsufﬁcrent water quantrty '

4) Emergency water supply
- The ‘emergency water:s__upply- is ‘an- arrangement. b’yawhich the- government -

* supplies water for household purposes: to- those facing serious problems.with their
normal water supply. The arrangement is not necessarily limited to drought situations,

- but also includes people suffenng from failures in the piped water schemes -areas in- -

whtch wells dry up or areas: where other. problems, not drrectly attnbutable to the
. people, exist. However, the emergericy water supply is only utilized when larger areas .
are affected by the continued lack of rainfall, cau.sing normal water sources to be.

disrupted. | ' o '

Since 1984, MFARD became responsrble for the supply of ernergency water to
drought stncken areas through the Dmsronal Ofﬁces and the Head Office of MFARD
Although re11eved of the task PWD still- handles the’ transportanon/cartmg to ‘the’
affected areas. The DlStl‘]Ct Ofﬁcers of MFARD are responsrble for the: evaluanon of .
requests and their compilation, and the Divisional Commlssroner is responsrble for the

budget. The government has cons1stently allocated F$100,000 fof th1s purpose, Wthh L

at times was 1nsufﬁcrent The hlghest yearly expendlture on emergency water was in
.1987 ‘when F$l 182 701 was spent ' '

" Thé procedure for requestmg and drstnbutmg emergency water is as fOUOWS

- complamt/request to the District Ofﬁcer of MFARD by the Charrman of the v
Advrsory Councrl or v1llage representatwe (mclud

S R RS

_a'fhst of people ifi need of
. water) -- S e b
- checkmg of the request by the Dlstrict Ofﬁcer/Health lnSpéClor of MFARD'_
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- request by the District Officer to the Divisional Commissioner of MFARD for
 emergency supply to his district (with a list of names and setilements)
ol approval of the DlVlSlonal Commissioner/Planning Officer of MFARD and
: request to the Chief Water Enginieer of PWD to supply emergency water
- instruction from the Chief Water Engineer to the District Water Engineer of -
PWD to cart water to the specified areas and peopie

The emergency water supply delivered by trucks with 1,000 gals. water storage
tanks, supply each family with two drums of water on a weekly or twice weekly basis.
People have {0 have then‘ own storage drums.

2. 5 4 Presem Condmons of Water Use

.. To initially clarify‘thepr_esem condiﬁon of water use in the Study Area, all of the
communities were _identi_ﬁed_,based on the existing information obtained through the
interview surveys at the governmental offices concerned and by site reconnaissance.
Out of the communities identified, some communities were selected as facing severe
and recurrent drought, and a questionnaire survey was carried out for them in order to

. grasp the present statas of water use ini their areas, and to identify the extent of water

supply problems and needs for the Prolect

Besndes, the questlonnalre survey almed at obtammg mformauon on women'’s

‘roles concerning walter use, so called "Women in Development"

(1) : Identiﬁcation of the communities

‘ T here are no statlsllcal data/mfonnauon on the communities other 1han the -

_ populauon census, and 1nf0rmat|on on the type of water supply system in each
© community is not we]l documented. Therefore, identification of the communities in the

Study:Areawas conducted based on the 1986 population census. The lists of
cpmm_unities provided . with e_mergenqy water supply in 1992, shown in the Drought

* ‘Assessment Report, were also referred to. The locations of the communities were
~identified in cooperanon with the’ PWD staff i in thé Head Office/ Western Divisional

Ofﬁce as well as in the District Office.

The commumues in the Study Area are listed in Table 2.3.3 and their locations
are shown in Flg 2. 5. 6 '
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(2) Present water use

. The present water.use of each commumty is classrﬁed m accordance wuh the
kind/mode of the existing water supply described in Su_b- sections 2.5.2 a_nd_2._5.3, and
listed in Table 2.5.3. - '

In general, the older villages are traditionally located near adequate water sources,
whereas newer settlements are often located in drier areas These areas are adequate for
the crops grown by the settiements, mainly sugarcane, but their water supply is more
vulnerable. Moreover, these settlements are often more drspersed which makes it -
more difficult to provrde them with an adequate water supp]y Thrs is the reason that ‘
these settlements tend to rely more on pnvately dug wells : ' )

In the Ba Tikiria, there are 68 ‘communities, of whtch 41 are served with piped
water from the Ba regronal water supply system and 3 comimunities will be served in "
. the future Plped water supply systems have been-well developed for the communities. '
59 commumtles in the Ba Trkma, around 85 % are served with prped waler at present

The Magodro and Navosa Trkmas are located in hrlly and/or mountamous areas
Most of the communities are Fijian villages. On-account of their . locations, it. 1s'
: expected that creeks are adequately used as water sources although the kmd of water
used is not documentedlldentrﬁed in some communmes - -

46 communities were identified in the Taan Tikina The Tavua/V atukoula
regional water supply serves only 11 communities at present, but will serve 8 more
commumtres after the expansron of the -system. Although a new waler treatment plant
for the system was constructed the dlstnbutron system has not been well developed
In 1992 29 commumtles around 60 %, were supplled wrth emergency water ' e

“In the Raklrakr Tikina, 33 commumtres were 1dent1ﬁed The existing Rak1rak1
regional water supply system serves a’limited ‘area in ‘and around Raklrakr townr
Almost’ all of the commumtles are -located outsrde the present servrce ared.
_Nevertheless, 21 communities have a plped water supply system as’ the communal
water supply systern has been developed in 19 commumtles _' SRR e e

" Three 'com'munities'in‘ the Vuda Tikinia are l6cated on a narfow plain'lying.
between the mountain-and the sea. Due to therr topographrc condmons, tube: and dug _
wells and small creeks are the dominant water sources in the commumtres “The -
communities in the Sarvou Tikina are served with creek water from the Rakrrakr _
reglonal water supply and/or communal water supply systems



(3) Questionnaire survey

To select the communities for the survey, data on their present water supply and
especially their drought problems, were a prerequisite . However, historical data and
statistics on drought problems in Fiji are scarce, which makes it difficult to identify the-
specific areas that experienced drought over the years. In the Drought Assessment
Report, it is stated that the provision of emergency water was used as an indicator-for
drought proneness, since the emergency water supply is not restricted to specific areas.
All drought prone areas seem to have been covered by emergency water,

Therefore, the communmes where emergency water was supplled in 1992 in the
report, were firstly identified as the area, facing water shortages. 74 communities were

" identified as shown in Table 2.5.4. Among them, slightly affected communities were |

excluded from the questionnaire survey based on the affected ratio (No of
Households/No. of Families affected) and results of the interview survey at the PWD
Distiict Office. In due consideration of the geological and hydrogeological aspects, the
communities located in'the areas in which groundwater potential is not expected were
also -excluded. Finally, 59 communities were selected for the survey as listed in Table
2.5.4 and their locations are shown in Fig, 2.5.7;

Two k_irids of questionnaire form, one for representatives of the community and
the other:for households, were prepared.” The forms for the questionnaires are shown
in;APPENDIjX-D. At first, visits were made to the representatives of the communities
to obtain information about the whole area. In addition to this information, three
households in each community were interviewed to obtain more detailed information

“and to confirm the information about the community. In order to avoid collecting

partial" ihformation’, household interviewees were selected, where possible, in

consideration of their different types of water use. And women were selected to obtain
_ thei_r opinion in due consideration of women's role in development.

The survey covered 59 'com'r'nunities, of which 6 were Fijian Villages and 53
were Indian settlements. The households in the Fijian villages are densely located, but
those in the Indian settlement are scattered. - 59 samples from the representatives of the
communities and 1?7 (3x59) samples from households were collected.

In 10 commumtles a reglona] water supply system covers the whole or part of

__the eommumty however, water shortages and problems, such as insufficient quantity of

water and low pressure are encountered, especially i in the dry season. Communal water
supp]y systems have been developed in 33 communities. Out of these, 7 communities

 face problems with their'system, such as the water supply facilities not functioning and
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the inability to repair facilities due to financial problems. Systems. are. under: '

constructton or are to be developed in three commumnes

In the communities without a reglonal or communal system andlor communmes-,
where the systems cannot: cover all -the water ,demands, tube and . dug wells -and. '
rainwater_are mainly used in the rainy seas_on and tube wells and river/creek water are.
the dominant water sources.in the dry season. - The water:is usually fetched in pulling.
drums (44 gal = 200 1) by trucks/vans or bulls,‘in; the morning and/or evening, -'Men
carry out this work. Women and. children also. hring water from- the, dug we]ls'and
- creeks, located in the vicinity of a household, by buckets (9~20 1), but lhlS is not the
women's spemﬁc JOb rathér it is the mens job.’ In Fr_n people carrymg water on top
of their heads Has not been seen for 20 ~ 30 years In general, ‘women ‘perforin’
housework and some women work on farms o S REREE RSt

~ Emergency. water. has been supphed every year 10 almost all-of the communities:
between August and December in. the form. of two-drumns of water, on.a weekly. or
twice weekly basis, per household Water—borne diseases, such as 1nfect1ous diarrhea,.
dysentery, typhord fever, skin disease, and eye. infections-are generally encountered in
almost all of the communities. However, there are no cases.of death caused by water—' _
horne discases. :

- Based on the r‘esults of the survey, the percentage of water used was estimated by
the water sources-in both the rainy - and dry seasons, as shown in Table 2.5.5. An
adequate walter supply 18. Judged by such as.its. rehablhty, quallty, and convenience, -
therefore the regional and.communal water supply systems.and. pnvat_ely owned tube
wells are c'onsidered-adequate - Therefore, the total percentages of the regional,
communal, and tube well water used were regarded as.an indication of an. adequate_
water supply and wefe estlmated by each commumty, as shown in Table 2. 5 5. |

. The present condmon of the adequate water supplled is classrfied mto the
: followmg three degrees, and also shown in Table 2.5, 5 : '

Degree CondlthIl percentageof S e
R o Adequate WalerSupp]y_ S
A Moderate - © o morethanT0. s
OB Poor betweenQD and'IO
: Qoo '-'Extremely P_oor'i G ]ess than 20




2.6 _‘.r'Grou_nd_watcr Use

2.6.1 Well Inventory

-A well inventory survey was carried out at the first and third field investigation by
the JICA-MRD Study Team to obtain hydrogeological information and water use data,
as shown in DATA BOOK-A.1. As a result, 531 existing wells in total are registered
in the Study Area, as shown in Table DATA BOOK-A.2, of which 471 are private
boreholes, 37 are dug wells, 12 are'PWD boreholes, and 11 are MRD test wells. The
location of these registered boreholes and dug wells is shown in Fig. 2.6.1.

Of the 471 private.boreholes, 39 have been abandoned due to their poor
“production of water and 61 have been left unused due to insufficient maintenance of
the pumps. Eight out of 12 PWD boreholes have been abandoned, because of poor
.production of water. Among the 11 MRD test wells, two have been abandoned due to
their poor aquifer condition,

2.6.2 _Groundw'ater Use

A considerable amount of groundwater is abstracted for domestic use.
Gréundwater pumped from private boreholes is usually supplied to each house through
house connection pipes. One borehole usually provides water for only one household
due to the small discharge rate. Anengine driven turbine pump and a centrifugal pump
are commonly used by boreholes, however, submersible motor pumps have recently
~ been distributed in accordance with the progress of electrification.

~ The standard private borehole pump runs for several hours per day with a
.discharge rate of 0.3 to 0.8 I/sec. Therefore, the daily pumping amount of a standard
private borehole is estimated to be 0.38 - 0.76 cubic meters. The estimated amount of
groundwater reaches 933 cubic meters per day, in total, for each classified area, as
shown in Table 2.6.1. The greatest abstraction of groundwater in the Study Area
oceurs in the Ba Uplands where around 300 cubic meters of it is pumped daily, both by
the private boreholes .and by the PWD boreholes of the water supply system. On the
other hand, 125 boreholes are concentrated along the coastal plain of Tavarau-Raviravi.
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Based on the operation record of the pumps and the measurement of discharge
rates using a portable diagonal flowmeter, the annual abstraction amount of
groundwater from the four PWD production boreholes was estlmated to be
117,365 m3, as shown in Table 2.6.2. The latter amounts to less than 4 per cent of the
whole water supply of the Ba water supply system (See Fig. 2.6.2); Irregularitics in
the monthly abstraction: amounts occurred due to the mechanical maintenance of the
pump facilities. N | -
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