5.1 - Major National Policies-

In "Fiji's Ninth Development Plan 1986-1990" (DP9), the latest national
development plan established, it was stated that "an adequate, reliabie, and safe water.
supply”, achieved by solving repeated water shortages, is one of the most important
targets for the water supply sector. In order to achieve the targets, the capital
expenditure programme for infrastructure/utilities development during DP9 was
proposed by the government as shown below:

o ' ~ Capital Expenditure S

-Sector . - 1986-1990 % of Total
: : (F$ mllhon 1985 price) (%)
Transport - S BT 6: 38

Water Supply and Sewerage 4 67.5 ' 29
. Posts and Telecommumcatnons _ 55.0 ' 24
Energy . | 207 9
Total 2308 100

However, numerical targets, such as a per capita consumption rate, service ratio,
etc were not mentroned in the national plan. Other strategles where the numerical
targets are deﬁned are not avarlable o '

PWD has prepared several manuals for the desrgn and planmng of the water
supply project in Fiji. In terms of water demand prolectlon,: the following unit
consumption rates are recommended to apply in the planning and designs of the

manuals, -
" Rur; al ﬂg@ Su pply Desrgn Mggual .
-~ unit consumptron rate kmd of water use/place |
; _ 160 _lpc_c_l o for house connection
" ‘ ,.'. 1151pcd , for pubhc standplpe, used for washmg, cookmg, drmkmg and
R “bathmg J |
45 ipcd : for public standplpe, used for drrnkmg and bathmg

© 200 Iped o “for the cmes, Suva and L.autoka
© 150iped for town

el



In the Project, water demand prOJectron was based on the results of the. '
population projection considering the above unit consumnption rate: The potenttal of _
groundwater resources, and the processes of water demand projection are described in
the succeeding sections of this chapter.. ' '

5.2 - Population Projections
5.2.1 G’eneral ‘

In 1989 the Government of Fur prolected the ‘nétional populatron for the period :
from 1991 to 2011, at intervals of 5 years, using a demographlc analysis method based
“on the 1986 census and past populatron growth trends, Accordmg to this projection,
the nattonal populanon in 2011 is estrmated at 941,841, which- corresponds to 1. 31
times the 1986 census. However, populatron projection by regron has not been
ofﬁcrally announced (see Table F-1.4 of APPENDIX F) ‘

The present populatton pro;ectrons are made accordmg to each commumty in the
Study Area aiming to provrde the basrc data requrred to estlmate domestic water
demand in the Study Area, - ' '

The pro;ectrons are ﬁrst based on urban and rural areas in the respectlve T 1k1nas, o
‘not by individua! communities, Next, the growth rates, which are derived from the{
initial populatlon pro;ectrons, are. used to pl’OjBC[ the populatron of communities
included in the urban and rural areas. ‘Three scenanos, hrgh medrum and low vanants
are prepared for the pnesent projectron '

- 5.2.2 Methodology'

The populatron pro;ectrons are made at mtervals of ﬁve years for the penod 1961°
to 2011 usmg the 1986 census populatron and the’ proper populatron growth rate for - _'
the same perrod A semr component model a combmatron of component and _ ;
mathematical models is applted to thrs pl‘OjeCtl()I] Both models are employed for"
estimating the natural and mrgratronal growth rates respectrvely |

Table 5.2.1 lists the growth rate of the whole populatlon of thrfor thei.penod e
1976 t0 2011, together wzth the annual growth rate of populatton m ‘the Study :
the perrod 1976 1986 '




" The population growth rate (r) in the Study Area is approximately given as the
sum of two rates: natural growth rate (r1) and migrational growth rate (r2). Of these,
the natural grthh rate (r]) adopts the national population growth rate of Fiji shown in
Table 5.2.1, and the mediuvm variant of the initial migration rate (r2) required for the
1951 population projection in the Study Area s based on the difference between the
annual growth rate (r) in the Study Area-and the national growth rate (r1) for the period
1976-1986. The high and low variants of the migration rates are assumed to be 20 %
up and 20 % down of the rate applied' to the middle variant.  The 1991 population
estimated above is finalized after an adjustment in accordance with the process given in
APPENDIX-F. o |

Following the 1991 population projection, a first approximate of the 1996
population is projecte'd, using the 1991 finalized population and an annual growth rate
assumed for the period 1991-1996. The 1996 population and the average annual
growth rate for the period 1991-1996 are adjusted according to the same process as the
1991 population projection. | |

- The populaiions'in 2001, 2006 and 2011, and the annual rates of population
growth for the periods’ 1996 2001, 2001-2006 and 2006-2011 are successively
. projected 1 m accordance with the method indicated in the 1991 and 1996 population

projections. ‘ '

5.2.3 Results

. Resujlts of the_pophl_ation projections, according to the three scenarios of high,
middle and low variants, are listed in Table 5.2.2. The total population of the Study
Area in. 2011 would be projected to be 138,852 for the high variant, 104,248 for the
medium variant, and 85,707 for the low variant.

The hlgh vanant pro;ected populauon for 2011 in the Study Area is estimated at

138 852 increasing by 43.1 % (annual growth rate of 1.44 %) from the 1986

| populauon (97, 018) ThlS growth rate is high compared to the population growth rate
of thc whole counlry in the medlum Scenano, shown in Table F-2.1.

' '.'()n“'the:fiither---‘haﬂd;, in fhe_“rhedium scenario, the 2011 population of the whole
StudyArea 'i’s‘p!"oje‘étéd'to’-'lm 248 increasing by 7.5 % (annuat-growth rate of 0.29
%) from the 1986 popuiatlon It appears that thi§ growth rate is rather low; due to the
B mmal influence of a neganve growth rate of mlgrauon
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The population. projecied under: the low y-aria'nt scenario would come to 85,707
in 2011, This population, which is lower than the 1986. population; would not.be
subject to the water demand forecast in the Study Area. ‘ '

- As aresuit, future water demand in the Study Area. should be. planned wrthm the
range of populattons projected from scenarios of high and medrum vanants

. The- average annual populauon growth rates by ethmc groups in the respectrve
regions of the Study Area are estimated at intervals.of five years for the period from
1991 to 2011(Table F-3. 2 in APPENDIX-F).

*_ Further for the same period, the. populations of communities within regions are
projected using the population growth r_ates'of: the respective_regio_ns acc_ording-to the
three scenarios, and 'diyidedfintotwo kinds of areas, with or without a regional water .
supply system. . These results are given in.Tables F-3.3 to F-3.8 in;APPENDI_X'—_F.__;.- .

Table 5.2.3 p_rov_ides a summary of the projected population classified into urban
and rural areas and areas -with or without a regional water supplyj_system_ in the Study
Area. According to the high: scenario itis ex'pecte"d that the prbjected population in the
Study- Area will increase to 60,189.in 2011 from 49,846 in- 1986 in areas. with the
regional water supply system and fo 78,664 in 2011 from 47 172 in ]986 in areas_
' w1thout the regronal water supply system '

5.3 Present Water Consumptmn

" In order to confirm the p'resent water conéumpﬁén i"n;'the’ Study‘Area' “which were
used as basic data for the water demand proyecnons descnbed in Sectrons 5.4 and 5.5,
a watér consumptron study was camed out using the stausttcal records collected'in the
PWD Western Divisional Office. The records consist of productron amounts of treated
water from the extstmg water treatment plants for the regronal water supply systems,
and ‘water consumption’ and the number of contracted consumers The pro_lected' '
populatron served by the systems is also used for the study ISR

_ The collected records are, however, mconsrstent such as the producuon amounts '
. are less than the water consumptron and the productlon amounts have large :
fluctuations: yearly, and therr reasons are.not: clartﬁed -Therefore,: thrs study was
_.conducted by companng and refemng to the results of the "ntervre
values specrﬁed in the manuals prepared by PWD- TS

survey.and the -




_ ‘Table 5.3.1 shows the results of the study. The effective amounts in the table
were calculated multiplying the total distribution amounts by.64 % of the effective ratio
( = Effective Amount / Total Distribution Amount), which is converted from 36_%'0f
the unaccounted for water proffered by the divisional office. The domestic use
amounts were calcu_laté_d based on the adop_ted_ ratio of domestic water use and the
commercial water use, 80 % for the areas served by the Ba and Tavua/Vatukoula

_ fe‘gi‘orial"wat'er supply systems, and 70 % for the area served by the Rakiraki regional
water supply system as esnmated in Table 5.3:2, '

. In. the area served by the Ba reglonai water supply system, the domestic water.
consumption was estimated from 1,986 to 4,394 m3/day and the per capita
- consumption from 63 to 135 lped.. The production records in 1990 and 1991 are
~ assumed to beless than the actual production amounts.. Also, the production amounts
of groundwater between 1988 and 1992 are larger than the actual pumping rate, judging
from -the PWD stalistical data and the fact that pump operations Were sometimes
stopped for long periods of the time due to poor maintenance according to the interview
survey. It is judged, therefore, that the present per capita consumption of domestic
water is arbund"1'40 lpcd,‘ whiCh is the highest ratio estimated. ' '

In. consxderatlon of the progress of urbamzanon in thls area, the per capita
consumption was divided into urban and rural areas.  The per capita consumpnon in the
rural area was judged at 120 lpcd which is the same figure for the Tavua/Vatukoula
area. The per capita consumptlon in the urban area was estimated at 180 Ipcd, as
follows: -

X=E«C

 Y=(D-A-X)/B | . _ o
‘where, Total populanon of the area in 1991 . A (=31,447 persons)
- Urban Area (Ba Town) : B (=10,333 persons)
.Rural‘Area : : C(=21,115 persons)
Per Caplta Water Consumptlon in the Whole Area : D (=140 Ipcd)
Per Capita Water Consumption in Rural Area - : E (=120 1pcd)
‘Water Consumption in Rural Area . 1 X(pd)
" Pei Cépit‘a;COnsum]'itibﬁ in Urban Area - Y (Iped)
f'i‘?f‘-e;_;then, SR R

. X=1201ped s .2l 115persons—2533 8001pd o
SHS Y ( 140 !pcd « 31 447 persons - 2,533,800 Ipd) /:10,333 persons = 180 lped . .

. ":.1=1.5 - .



" In‘the area served by the Tavua/Vatukoula regional water supply system, the
‘domestic water consumption was estimated from 1,220 to '1',-3_'1'1 m?3/day and the per
capita consumption from 97 to 118 Ipcd. - The range of these values is low and:the
highest value, around 120 lpcd is consrdered to be the present conservattve per capita
consumptlon of domestlc water in the area. - S 1l L

‘ In the area served by the Raklrakt reglonal water supply system, the domesttc
water consumptton was estimated from 668 to 874 ‘m3/day and the per. eaplta'
consumption from 134 to 169 lped. The values in 1990, 1991, and 1992 are very high
compared with the results of the interview survey and this is assumed to be caused by
the smaller number of pérsons per- household 4 persons/household compared withan
average of 6°to 7 persons/househo]d 1n the Study Area, If the average number-is
apphed to this area the per capita consumpuon will be estimated from 83 to 105 lpcd
These figures are similar to those of the TavuaJV atukoula area, therefore, the present
per capita consumption of domestic water in the area is Judged at around 120 lpcd the .
sarmie ﬁgure for the TavuaNatukoula area.” SRR I

In areas w1thout reglonal water supply systems,_the domestlc per. cap1ta _ '
consumptton was judged at 80 lpcd obtatned from the interview survey

5.4 . Domesttc Water Demand PrOJectton ) o _
54. 1 Pro;ected Per Caplta Water Consumptlon Lo

In Section 5 3, the present per capita consumption of the domestlc water in the
Study Area was-analyzed by area as shown below: -

Areas with the Regional Water Supply Systems s
Ba,Utban o e 01800ped:

- Ba,Rural : cohe e 1200ped
. Tavua/V. atukoula ' £ 120 lped
 Rakiraki - St 1200ped

Areas wrthout the Regtonal Water Supply Systems 80 lpcd' S

- The future per capita domesnc water consumptton was proyected by refemng to‘ -
the existing desrgn criteria of PWD. Inthe " Rural Water Supply Manual” prepared by
PWD, the unit consumptron rate of 160 Ipcd was uttl:zed for house connectnons in the
rural areas' water supply system::In the: "Water Supply Desrgn Manual (Draft)" the

unit consumptlon rate of 200 lpcd-was’ proposed to: apply for the ctty water supply, and
150 ipcd was. deﬁned for the town water supply These values were shown in Sectlon s
5.1 . _ s _



- In consideration of the above, three kinds of projected per capita water
consumption were applied:-to the domestic water demand projection in 2011 in the

-Study, as explained below. -

- In the areas. served by regional water supply systems, except the Ba urban area,
the 160 Ipcd defined for house connections in the rural areas' water supply system was

_ applied as the projected per capita domestic watcr consumption in 2011. The 200 Ipcd

for the city water supply was adopted in the Ba urban area, since the present per capita
consumption in this area was estimated at 180 lpcd, which is greater than the 160 Iped
and 15_0 Ipcd for the town water supply. '

In areas without regional water supply systems, 80 Ipcd is utilized as the per

capita consumption for domestic water'demand in 2011, This amount is the present

estimated per capita water consumption_ in this area.

The pmJected per caplta domestic water consumptlon in 2011 for each area is

: shownasfollows o

Areas with the Regional Water Supply Systems . -
Ba, Urban - 200 1ped

Ba, Rural = _ : 160 Ipcd
» TavuafVatukoula R - 160 lpcd
Rak1rak1 oo o 160 ped

~ Areas without Regiona] Watcr Supply Systems - 801ped -
5.4.2 Projected Domestic Water Demand

__ Accordmg to the study descnbed in Section 5.2, Population Pr0]ect10ns there are
three scenarlos for estlmatmg popuiatlon growth ‘high, middle and low as shown in
Table 5.2.2. The dornestic water demand was projected by multlplymg the population
served with the projected per.‘caplta_watcr.consumptt_on. In the following; two kinds of
domestic ‘water'demand forecast were éa_l'ried out, the areas with and without regional

(1) Water Demand in the area with a regiorial water supply system

For the area with a reglonal water supply system future water demand was

__ 'predncted consulermg the foilowmg conditions.

4___7’11'17' =



.- .i) -+ Population of the high scenario in 1991 was used as the present-population, -
ii} . The three scenarios of population predtcted at intervals of five years for the
period from 1991 to 2011 descnbed in Sectton 5:2; were adopted for: the:
future population, : _
jii) “The present per capita consumptlon for domestlc use, shown in Sectton '
5.3, was used for the present water demand pro;ectlon, Co
“'iv) “The per caplta ¢consumption int 2011 for domest:c use estimated i in Clause'-
©5.4.1, was used for the water demand pmJectxon i 2011, and’
"v) 'The per capita consumption between 1991 and 201 1 are lmearly mterpolated
at intervals of five years. ' ' o :

* The water démand in the aréa with a reégional water supply system was estimated
as shown in Table 5.4.1. This will be about 10,170 m3/day for a population of
60,189 in 2011. The present water demand in the area was es't'imated_ at about 6,510
m?/day for a population 0f 49,122. -

(2) Water demand in the area without a _regional Watef supply s'ystern G

For the area without a water supply system, future water demand was predtcted.
considering the followmg condlttons : '

i Populatlon of the hlgh scenario in 1'991 was used as.the present population,
i) Thethree scenarlos of population predlcted at intervals of five years for the
period from 1991 to 2011 described:in. Sectlon 5.2, were. adopted for the".
~ future populauon _ |
iii) The constant per captta consumpuon 80 Iped shown in Sectlon 5. 3 was
| :used and ' '

iv) The water demand for the penod from 1991 to 2011 are lmearly' o

o interpolated at mterva]s of ﬁve years based on the prOJected populatlon

The water demand i m the area w1thout a reglonal water suppiy system is shown in
Table 5.4.2. This will be 6,290 m3/day for'a populatlon 0f 78,664 in’ 2011 The:
present water demand in the area was estimated about at 3 990 m3/day for a populatxon _
of 49,830.. :

5 5 Commercxal Water Demand Pro_]ecuon

Accordmg to the present water consumptton study i Sectlon 5 3 commerclal. -

water use ratios in the Study Area were estimated at 20 % of the effective amount for e

the Ba and Tavua/V. atukoula areas and 30 % of the effectwe amount for the Raklrakl' -
area. '



Since commercial activity in the Study Area is not expected to rapidly progress in
the future, it is judged that the ré_itio of commeércial water use against the domestic water
use will be maintained. In addition, the commercial water demand is expected to be
generated only in the areas with a regional water supply sysierh and not in the areas

without a regional water supply system.

- Therefore, the,cemmer_eial_wate_r_d_emands were estimated by multiplying the
domestic_ water demand with:the ratio of commercial water use against domestic water
use. -The commercial water demand was predicted under the following conditions.

3 | The three scenanos of domestlc water demand at intervals of five years for
. the period from 1991 10 2011 as estrmated in Table 5.4.1 were adopted for
commermal water demand, and
ii) A ratio of commercial water use against domestic water use in each area was
-.derived. fr_om the adopted water use ratio shown in Table 5.3.2, as follows:

The rano of commermal water use agamst domestic use:
_ Ba:" _' 25%(—20%/80%)
CTavuar  25%(=20%/80 %)
Rakiraki: 43 % (=30 %/70 %)

The commerc;al water demand will be 2 720 m3/day in 2011 as shown in

Table 5 4 3 The present commercnal water demand in the area was estlmated at about
1 740 m3/day
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6. OVERALL WATER SUPPLY DEVELOPMENTPLAN
6.1 Development Prmc:ple
6.1.1 General Concept

Ordrnarrly, an overall water supply development plan‘is- composed of séveral
development schemes designed 1o meet a prcgected water demand for-all areas faced by
water shortage problems. “This is achleved by prov1dtug adequate groundwater sources
_ 'covermg the whole study area However, the groundwater development potenttal in
this Study Area was _tudged to be hmrted due to the scarce groundwater Tesources
" identified from the results of the groundwater resouroes evaluatton explamed in Chapter

4 of thrs report '

' Therefore, the overall walter supply plan concemmg groundwater development in
the Study Area could be formulated from only nine development schemes, even though
the groundwater potenttals are planned 10 be explorted as much as posstble The pian-
' was rnade based on the groundwater. development potenuals exammed and consrdenng
the level of urgency for water requtrements 1dent1fied through the survey The
) pnncrples of the development plans are as follows ' '

_r _ 1) The proposed commumttes to recelve vvater supply from the groundwater
| development plan are selected from areas “with an madequate water supply
and identified groundwater development potential. =~

iiy The scale of the proposed plan is determined by the possrble pumping rate of

* the productron wells without causing environmental impact, and
iii) The productton wells for the proposed schemes are selected i in principle from
' the existing test wells drilled by JICA or MRD which had been conﬁrrned to
produce sufficient groundwater for. the formulation of the proposed water

© supply plan.
6.1.2 'l‘ype of Water Supply Development Schernes

The type of the proposed development schemes was selected consrdenng the 5
- present water supply condrtton of each proposed area ancl each locatton of each well. -
' They are drvrded into the followrng four- types. : '

(1) Smgle commumty system '
‘This system is proposed for communities wrthout a PWD regronal water supply_ .

o systems at present and/or 1n future The proposed system consrsts of a well a. -

. '?jf';‘.“;;lézo-_f:'::‘:- | o oy




pipeline, and a service reservoir, and will be independent from the PWD system. This -
closed system will belong to the community and will be managed by the commumty
after the completlon of construction,

The service area covers all lpan of the cornmumty The scale of the water supply ‘
facﬂ:tres was determined fo meet the water demand in the year 2011 20 % of the
estimated water demand is added as un-accounted for water and this vaiue was used for
the design of the water supply system.

. The groundwater is pumped by submersible pumps and sent to the service
reservoir, it is then distributed to éach consumer in the service area through the
distribution pipes by gravity. UPVC pipes are basically used for the pipelines,'and a

'chlortnatlon system is utilized at’ the service reservoir for the disinfection of the water .

(2) Expansmn for reglonal systern _

 This system is apphed to the commumnes served at present and/or to be served in
the future with a PWD reglonal water supply system “The existing and/or expanded
system does not cover the whole area of the community, The proposed system also’

consists of a well, a pipeline, and a service reservoir. This system will be merged into

the PWD system and will be managed by the PWD after completion. Therefore, the
future expansion plan of the PWD system in and around the community must be taken
into consrderatron for th1s proposed plan ' '

_ The service area is deﬁned as where PWD prpes are not 1nstalled at present and/or
not to be mstal_led in the future expansion plan. The area, where water is not supplied
by the PWD water supply'system even though pipes are presently installed, was also
selected as the ‘setvice ‘area. The scale of the water supply facilities was also
determined to meet water demand in the year 2011. 20 % of the estimated water
demand in2011 is added as un-accounted for water for the design of the water supply-

' system

The groundwater 18, pumped by submersrble pumps and sent to the service

--reservorr itis then dlstrlbuted to each consumer through the distribution pipes by

gravrty UPVC ptpes are basrcally used for the pipelines, and a chlonnatton system is.
uulwed at the servtce reservmr for the drsmfectlon of the water

- "(3) -“sr_ipplememar water source's' for the regtOnal system '

' Thts system consrsts of wells a plpelme and an extstmg PWD service reservoir
vhich belo g= to any commumty, as 1t 1s located in the urban area of the Ba :

eenan-l



regional water supply:system, - The optimum:pumping plan considered ‘combining
water use- with the water of. the - PWD - regional system; however. the ratio of .
groundwater to the PWD water was only 4 %. Therefore; the operation plan of 'this
system was converted toa srmple supplemental water system to be used conJunctrvely
with the exrstmg regronal system. Water quallty, Wthh exceeds the drinking water
standards, is rmproved by dﬂutmg 1t w1th the uncontammated water of the regtonal o
water suppiy system ' ) ' B

(4) Emerg‘ency water source system .

. This system.is proposed as an emergency water, supply for, commumhes who .
experience .extremely. severe water. shortages An. the dry season and. do not have:
adequate wells. The proposed wells for the. system are. JICA test wells which: have a .
limited capacny and poor water quahty and are located in areas, where: there is an
adequate water supply system.” The water in this’ system ‘will be supphed to the”
communities by: water tanker (4 200 1) ata rate of 400 l/house/week equlvalent to the
present emergency water amount The penod of the emergency water supply is hmrted;”_
to the dry season (about 6 months a year) Water whrch exceeds the dnnkmg water' _

6 2 Development Schemes
Based on the foregomg condmons 9 development schemes are proposed and.

their prmmpie features and 1ocat10ns are shown in T able 6 2 1 and th 6 2.1,

| _respechvely ‘ : B S

For the smgle commumty system and the expansron of the reglonal system the,_;

: pro;ected water. demand.at the. target year of 2011 plus 20 % of the water demand were..

adopted for the supply yield (desrgn capacrty of the, system) Development. in: stages

was. not conslde_red for-the construction of the._wa__ter supply facilities, “The supply yield:.

of the supplemental water sources for the regiona]'sy's'tem was determined as the:

production capacity of the proposed well exammed by the groundwater s1mulatton |

study, described i m Section 4.3." For the emergency water source system ‘the supply'_
yleld was determmed conmdermg the cycle. t1me for supptymg "the water and ‘the

pumpmg operatton tlme so that the water can be camed from the i posed well to the 7'_ o

the Study

The water supply facrht,tes for the proposed schemes was r°“gh| e Ly g

on the ex:stmg map on a scale of 1 50 000 and the results of the snte ‘mconnalssanoe:'-”;_.:_ =
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and by referring to the existing PWD manual. The principle features of the proposed
water supply facilities of each scheme are shown in Table 6.2.2, The outlines of the 9
proposed schemes are described hereunder.

6.2.1 Vutuni Creek Community Schemeé

The Ba regional water supply covers only about 10 % of the population in the
Vutuni Creek community. Two communal systems were constructed, however, they
are r_rot wprking'd_ue to lack of maintenance and repair. The distribution pipes of the.
system were_' broken and only a few households, in the vicinity of the water sources,
are _s_erv_ed with the Wat_e__r.l o |

ThlS scheme 1s a smgle commumty system. The service area was selected in thej '
southem half of the communrty aiong Vutuni Road, which is densely populated and
has no prped water supply system. The water demand in 2011 was estimated at 50
m3/day and the supply yield of the system is estrmated at 60 m3/day.

" The' water source of the scheme 1s TWOOI drilled by JICA for thrs Study as a
test well The well has a drameter of 150 mm and a depth of 76 m. The water will be
pumped by submersrble pump wrth a capacrty of 0.84 /s in the discharge and 102 m in
the head then drscharged to the proposed service reservoir through a transmlssron
prpe, 75 mm dlamcter X 400 m long A service reservoir with a storage volume of 75
m3is planned to be constructed on the hill 250 m west of the well and the water will be
drsmfected by chlormatron at the reservoir. The water will be supplied to the

- households through drstnbutlon ptpes 75 mm diameter x 4,600 m long. The general

layout of the system is shown in Fig. 6.2.2 (1).
6.2.2 Kukunirewa Community Scheme

There ts no regronal or communai system in this community. At present the

mam sources of water are ramwater and dug wells in the rainy season, and dug wells,

creek water and emergency water 1n the dry season The scheme is a single community
system. The system is planned {0 cover the whole area of the community. The water

' 'demand in-2011 was estimated at 3’! .m3/day and the supply yreld of the system is
esnmated at 45 m3/day

Th ”fwater source. for thrs system 1s groundwater from ‘TWO00S Wthh has a

-dlameter of;;ISO mm and a depth of 74.45 m, and was dnlled by JICA ‘as‘a test well.

_ - The u;ater wrlt be supphed from ‘the ‘well ‘to the proposed service reservoir by a
- submersible pump with a head of 129 m and a drscharge of 1 3 s through a

' -tra_nsm_ts_sron pt_p_e, 75 mm dt_ameler x 1 100 m long. The reservoir will be constructed
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in the southwest of the community and will have storage'volume of 60 m3. The water -

w1ll be chlorinated in the reservoir and then supphed to the service area through'
distribution pipes, 75 mm diameter x 1,600 m long and 50 mm diameter x 1 500 m
long. The general layout of the system is sh_own in Fig, 6.2.2 (2). ..

6.2. 3 Vatuyaka Expansron Scheme

“The Vatuyaka commumty is served by the PWD régional water supply system _'

The water source of the exlstmg system is groundwater from the exlsnng PWD well
(GWO034) which is currently sent into the existing Vatuyaka TeServoir, but this is only
distributed to about 47 % of the area of the commumty, mainly along the Vatuyaka
Road. This expansmn system scheme was proposed usmg the MRD well (GWO3S) for
the eastem and southem areas of the commumty where the exlstmg PWD system does'
not cover The water demand in 201 1 was estlmated at 90 m3/day and the supply yleld :
of the system is esnmated at 108 m3/day -

The proposed well w1th a dlarneter of 150 mm and a depth of 45 m, was drilled
by MRD as a test well. The water w1ll be supphed from the well to the proposed _
' 'serv1ce reservoxr by submersnble pump wnth a head of 11 1 m and a dlscharge of 1. 5 l/s
through a transm1ss1on ptpe, 75 mm dlameter X 3 950 m long The reserv01r wdl be'_ _
constructed in the northeast edge of the commumty and w1ll have a storage volume of .
135 m3 The water w1ll be chlormated in the reservmr and then supphed to the serv1ce :
area through dlStI’lbllthl‘l prpes, 100 mm dtameter x 1, 530 m long, 75 mm. dlameter X )
3,250 m long, and 50 mm dlameter x 400 m long The general Iayout of the system
is shown in th 6 22 (3).

6.2.4 Varadoli - Veisaru Supplemental Scheme (1)

Thls supplemental scheme is located in the Varadoh and Vetsaru reglons of the Ba
area. There are no water shortages m lhlS area, because 1t 1s covered by the Ba regronal :
: water supply system However, the regtonal water supply system reqmres more water_; _
sources, so a supplemental water scheme was proposed :

The. waler source for th1s system is- groundwater from TW004 and TWOOS “The™ -

availability of groundwater development in the Ba Uplands was conﬁrmed by’ the'
groundwater snmulatlon study and the supply yleld of the system 57 6 m3/day from

TW004 and 100.8 m3/day from TWOOS totahng 15_8 4 m3/day, was“ etermined as _thei__;,;. -

s1mu1taneously operated




Submersible pumps, having a head of 74 m and a rate of 0.8 I/s at TW004 and 70
mand 1.4 1/s at TWOOS will be installed and the pumped water will be sent to the
exnsung Varadoh servrce reservorr located about 500 m west of ’FW 004, via a new
transmlssmn plpelme, of 75 mm dlameter X 6, 100 m long (Frg 6.2.2 (4)) The

water will be supplted from the servrce reservorr to the ‘existing distribution pipe
' network of the reglonal system bya booster pump to be newly installed at the service
reserv01r srte Thls is because the water level in the reservorr is lower than HGL of the
prpe network near the reservmr '

'The W'ater ‘q'ualitfy of TWO00S is good but the concentration level of iron and .
m‘anganese exceeds WHO standards. However, mixed with the reserved surface water -
in the existing reservoir is expected to decrease the concentration level to less than
WHO standards, by the time Lhe water is supplied. Treated water of 101 m3/day,
deductmg un-accounted for water of the regional system (36 % of the supply yield)

from the suppiy yleld of 158 4 m3/day, can be supplled to about 500 to 630
consumers

6.2.5 Varadoh Vetsaru Supplemental Scheme (2)

Thls supplemental scheme is proposed as an alternative to the Varadoh Vetsaru
supplemental ‘scheme (1). The water source for this system is groundwater from
TW004, TWO005, and TW000 which will be newly drilled. The supply yield of the
system, 57. 6 m%/day from TWO004, 72 m3/day from TW005, and 144 m3/day from
TWO000, totaltng 273.6 m3/day, was also determined as the production capacrty of the:
welis based on the groundwater simulation:study examined on the condition that they
are snmultaneously operated | ' '

Submers1ble pumps havmg a head of 74 mand a rate of 0.8 lls at TW004 68 m
and 1.0 lls at TW005. and 70 m and 2.0 I/s at TW00O, will be installed and the pumped
water will be sent to the existing Varadolt service reservoir via new transmission
plpelmes, 100 mm dlameter x-5,500 m long, and 75 mm diameter x 1,200 m long
(Fig. 6.2.2. (5)) The water will be supplied from the service reservoir to the existing
__dtstnbutton pipe. network of the regional system by booster pump to be newly installed
at the servrce reservoir site.

The water quahty of TWO0O05 will also be mixed with the reserved surface water in
the exrstmg reservolr and this i is expected to decrease the concentration levels to less
than WHO standards “Treated water of 175 m3/day deducting un-accounted for water
- ~ of the’ regtonal system from the supply y;eld of 273 6 m3/day, can be supphed to about

870 to I 0‘90 consuimers of the Ba regtonal water supply system,

o - 125 . ..



6.2, 6RabuluEXpan'si0n Scheme ... .o -

Thts expansron system scheme wrll cover the Rabulu vrllage (R 18) and Rabulu '
commumty (R 19). There is no regronal water. supply system at present but PWD has
proposed to extend the TavuaNatukoula regronal water supply system to these areas
In the Rabulu commumty, there 1s a communal water supply system consrstmg of one_ :
borehole one reservorr, and dtstnbutlon ptpes, however, t_he system is not m operatton
at present as the pump is out of order and the commumty could not rarse funds for
repairs. Presently, dug wells are the main water source. However the well capacrtles
decrease in the dry- season, therefore river water and emergency.: water are used as
aliernative sources.Emergency water is supplied every. year from August. to December. .
ona weekly basis at a rate of two drums per household

0ppos1te thrs area m Yaqara Rancho, a brg capacrty test well was dnlled by MRD_‘
m 1989 It is srtuated on the left bank downstream of the Yaqara nver about 6 km east
of Rabulu v1llage However groundwater development has not been planned as no- '
~ one inhabits the test well area. Therefore, this expansion system was proposed usmg |
the MRD well (GW254) to, compensate the water, shortage of Rabulu 'viilage and |
Rabulu communtty This scheme is categonzed as an expansion scheme, because the
proposal states that the Tavua / Vatukoula regtonal water’ supply system be extended to
bothcommumttes """ TR o DT ERTE

The water demand in 2011 was estlmated at 35 m3/day for Rabulu v1llage (R-lS),
.and at114 m3/day for Rabulu: community. (R—19), totaling 149 m3/day and the supply-;'
' yteld of the system is estimated ai:180 m3/day ‘The well has a dtameter of 200 mm, and:
a depth of 38.3 m. The submersible pump, havmg a dtscharge of 2.5 Vs, and a head of.

- 104 m, wrll be installed at the proposed well site. The pumped water. will be_ -

dtscharged to the proposed servrce reservoir through a transmrssron pipe, 100 mm
diameter x 6, 800 m long. A’ service reservoir with a siorage volume of 230 m? will be
constructed on thé hill'in the’ east-northem part of the communrty and the water wsll be-"
drsmfected by chlorination” at the teservoir.. The’ water Wlll be supplled o’ thef
households through the drstnbutton plpes, 150 tnm dtameter Xx"850 m long, 100 mm,"
diameter X 2,200 m long, and 75 mm’ dlarneter x 3 600 m long The general layout-?" L
of the system is shown in Frg 6.2.2 (6) ' S 5

6 27 Vatleka Emergency Scheme e i e i

_ Thrs emergency scheme cons1sts of one well and three serv'
_ Nana (R-16) Vohvoh (R-26) -and Deciu- (R 31), as shown 1n Flg 6. 1. ;o
source for this scheme is groundwater from T’W012 whrch was constru: od by JICA{..' "

'Cpmmunmes' o




for a test well of the Study and its dimensions are 150 mm in diameter and 74.45 m in
depth The supply yield of the scheme was determined at 15 m3/day consndermg the

~ cycle time of the delivery and the pump operatlon time for the supply.

The water will be supplied to each house in the service areas by 24,2001 PWD
water tanker. It must be ensured that 400 1 of the water will be supplied to each house
weekly during the dry season of about 6 months. A treatment facility is not planned at
the well site because the water is of suitable quality. - o '

6.2.8 Yalalevu Err‘l’er_genCy'Scheme R

... This emergency scheme consists of one well and two service communities, Vatia
(T-34) and Garampani (T-4'5), as shown in Fig, 6.2.1. The water source for this
scheme_is_t_he groundwater from JICA test. well TW 002 and its dimensions are 150
mm in diameter and 35 m in depth. The supply yield of the scheme was determined at
20 m3/day considering the cycle time of the delivery and the pumo Ope'ration time for

 the supply.

_ 'I'he watcr w1ll be supphed to each house in the service areas by a 4,200 1 PWD
water tanker It must be ensured that 4001 of water w1ll be supplied to each house
weekly durmg the dry season of about 6 months "An iron and manganese removal
facxhty will be provrded at the well site, smce these levels are slightly hlgher than WHO

standards Chlonnanon w1ll be effectlve m removmg iron and manganese

6.2.9 Koronubu E_mergency Scheme a

This-em'ergency-_scheme;'consists of one well and three service communities,
Nabatolu (B-19), Natunuku village (B-32), and Vatusui (B-38), as shown in Fig,
6.2.1. The water source for this. scheme is the groundwater from JICA test well TW

E ,002 which is 150 mm in dlameter and 18.80 m in depth. The water is supplied to each

}_,house in the servu:e areas by. a 4, 200 1 PWD water tanker. The supply yield of the

. scheme was determmed at 20. m3/day considering the cycle time of the dehvery and the

' :.pump operatlon tlme for the supply. It must be ensured that water of 400 1 of water

_:w:li be supphed to each house weekly during the dry season of about 6 months A

;:_;turbld:ty removal facﬂxty will be prov1ded at TW 006, since thls level is above WHO

: : ;standards Pre-chlonnatxon and dlrect filtration were proposed as an effectlve method
i-m removmg turbldlty :
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6.3 ‘Cost Estlmates K
6.3.1 Construction Costs

" The construction costs of the. proposed - water supply development schemes
mentioned above were estimated under the followmg conditions.. -

| @) | Pnces December 1994 . '
i) Forengn exchange : US$ 1. 00=1. Yen 100 F$ 1 00 7. Yen 70
(iii) Engineering services (E/S): 10 % of the direct _construcuo_n cost su_rhmed o
up in foreign currency (F/C), | '
~ (iv) " Physical commgency 15 % of the dxrect constructlon cost and engmeenng
© service cost, o : | A
' (v) Value-added tax (VAT) 10 % of the costs of the constructlon matenal and -
v '."'eql.llpment E : . : UERRREE R
' (vi) Import duty 10 % of the costs in F/C of the constructlon matenal andi _
equipment, - - S
. (vii) Price contingency : 5 % of the costs in local currency (L/C) and 3 % in F/C '
R of the land acqu1s1t10n, the dlrect constructlon cost, E/S phys:cal
, | contmgency, VAT and import duty, o S
_ (vm) The unit pnce for land acqulsltton estlmatton accordmg to the Reglonali '
Lands Depanments in the area of the development schemes )
The construction cost for each scheme was estimated for two condltlons, wtth and
without the construcuon cost of the existing wells., The. first is.used:-to evaluate each
scheme and the second is only for reference purposes as shown in Table 6.3. 1. A
summary of construction costs for the respective water supply schemés is as follow:

" Constriiction Cost (with the cost for the existing well) * =

S iy

.':'_‘VutumCreek & U a3 0 925?'3-” 384,567
.:'Kukunlrewa R /1. S £ 56 21 284,629 .
Vamyaka LT 413000 0TS, 953 '-"-;489 162
. Varadoli-Veisaru (1) o amasis s, 595*’. 396,111
| Varadoli-Veisaru @) T g, 362

g1874 879236
‘Rabulu S e8ss61 TI34TT 799,038
Vaileka (Naria, Volivoli, Dociu) Cs3021 28116 81137
Yalalevu (Vatia, Garampani) ~ 62,740 23,903 86,643

O 0 1 W B W R =

_Koronubu (Nabatolu, Natunuks, Votwsui) 108086 20233 128308



6.3.2 Operation and Maintenance Costs

The operation and maintenance costs required to implement each water supply

development schemes consist of the followings;

(i)  Personnel expenses for O&M of the water supply facilities,

(i)  Electric chargé for.the submersible pump and the booster pump,

(iii) Chemical costs for chlorination,

(iv). Repairing expenses | for the eqmpment of the submers:ble pump and booster .
pump, and '
(v)  Water transportation costs for the emergency scheme,

' The annual O&M cosis were __estﬁhatéd as shown in Table 6.3.2 and summarized below.

- Annual O&M Cost (Year 1997) -

| (Unit : F$)

S Scheme - L) FIC Total
1. VumniCreek ~ = " 1487 516 2,003
2. Kukunirewa ~ 1,350 552 1,902
3. Vatuyaka 4,536 540 5,076
4, Varadoli-Veisaru (1) ' 10,876 1,248 12,124
5. Varadoli-Veisaru (2) | 18,820 1,872 20,692
6. Rabulu S 3316 - 660 - 3,976
7. Vaileka (Naria, Volivoli, Dociu) S 62,9600 336 63,296
. 8. Yalalevu (Vatia, Garampani) 94,395 456 94,851
‘9. Koronubu (Nabatolu, Natunuku, Vatusui) 94,365 324 94,689

‘Annual O&M Cost (Year 2011)

e - (Unit : F$)

- ‘Scheme LK F/C - Total
{. VutuniCreek =~ S 3,434 516 3,950
2. Kukunirewa =~ - 3815 52 4367
3. Vamyaka = S 7619 5400 8,159
4, ‘Varadoli-Veisaru (1) T 10876 1,248 12,124
5. ﬁfVa:adon-Velsam(z) ST 18,820 1,872 20,692
6. Rabulu - 0 o 1,322 660 11,982
7 "_fVa.lleka (Naria, VOllVOll, Docm) Cot 70,260 336 - 70,596
‘8. Yalalevu (Vatia, Garampani) 105,295 456 © 105,751

9

Koronubu (Nabatolu, Natunuku Vatusm) 105,265 - 324 105,589

ek =129 -



6.4 Economic Evaluation

6.4.1 Ge"neral

" For the nine development schemes proposed in Sectron 6.2, an economic
evaluation of each project was carried out to deterrmne economic rankmg Thrs was
done by comparing the present values of the' économic ‘benefit and cost usrng the
Economic Internal Rate of Return (EIRR) and the Net Present Value (NPV) The
followmg condmons and assumpttons were set for esumatmg the economic beneﬁt and
cost: N

(1) Transfer payments such as value added ax (VAT), mcome tax, and 1mport _
and export duties are not included in the economrc cost and beneﬁt |
(2) Inflation is not taken into account.
(3) The construction works for atl schemes commences at the begmmng of the
_ 1996 and are completed in one year.
| (4) The prD_]eCt life is taken as 30 years after completron of constructton, and the
_' -~ benefit and cost for operatmg and maintaining the facrhttes (O&M cost) will
. . accrue every year throughout the penod of the pro;ect hfe '

6.4.2 Economic Cos_t;_
The €COnomic cost of each pto_]ect is esttmated based on the constmcnon cost and

O&M cost shown in Section 6.3 usmg the conditions - and assumptrons above, and i 1s '
summarized as follows: - - '

' Econornic Const" L Economlc O&M Cost B

Scheme | Cost(1996) L 1997 L2011

‘1. VawniCreek 347,000 1,900 . 33820

2. Kukunirewa ~ 256,511 ..1,800 4,240 _
'3, Vamyaka . 442300 4940 . 7990
4. Varadori-Veisaru(l) - - 353,903 11,800 . 11,800 |

5, Vamadori-Veisa(2) . S17,679 - 20,80 20,180 .
6 Rabulu. . .. 722674 3830!,;7-,.;;..;;.-'7'--_,;1_1,:740

7. Vaikka: ;. ..o 72730 63240 .. 70540
8, Yaleva.. . 77405 94770 - 105670 .
9. Koronubu .. 116830 .- 94,630 " 105530 .




Included the above O&M cost is the operation cost of an emergency water tanker,
estimated at F$ 120 per round.trip at-1994 prices, according to the information obtained
- from PWD officers. This includes personnel expenses of approximately one-third of
the total cost:. ‘The economlc ‘cost of the personnel expenses is assumed to rise at an
average annual rate;of 2 %, based on the growth trend of the per capita GDP of Fiji.
This rise of personnel expenses is applied to the Q&M cost for the three Emergency
Schemes, Vajleka,_- Yalalevu and Koronubu, during their project life. -

 In addition, the cost for replacement of pumps is required for all nine schemes in
the year 2012, 16 years after completion. Annual flows of O&M and replacement costs:
are shown in Tables 6.4.4 to 6.4.12.
6.4.3 Estimates of Economic Benefit -

- The economic benefit of the project is given as the difference between water
Eupply conditions with and without the projects. Estimates of this benefit are mainly
composed of three catégorieS'-(l) savihg of time spent to fetch water, (2) reduction of.
emergency water supply costs, and (3) increase in water volume to be supplied to the
water supply system

) 'Timeé_aving Benefit -

- - Households in ﬁreas_.Wilhout a water supply system spend several hours every
“day to fetch.domestic water from-distant water sources such as wells, rivers, creaks,
and springs." After completion of the water supply system, these households will be
able to save on time spent to fetch do,meétic water. - .

This timesaving benefit is given as a product of the saved hours and the monetary
ve.lue per-hour. The average. daily savings of hours in households for cach community
are estimated on information obtained through the questlonnatres (Tables E-2.7 and E-
2 8, Appendlx E). -

Oh the other hand, the monetary value per hour can be estimated based on the
monthly household income, -obtained :through- the quesuonnanres (Table E-2.4,
Appendlx E) Thls estlmate is made under the. followmg assumpt:.ons

(A) 'I'he total workmg time of each household is taken as elght -hours per- day for

~ the month, -

(B) Employment opportunmes for the hours saved are assumed to .be 50 % of
usua! and o ST :
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(C) The monthly household income is assumed to rise at an annual raté of 2 %,
- based on the trend of real growth in the per capita GDPof Fiji. =+ i

‘The average daily timesaving benefit per household is given as-a product of the
average daily saving of hours per household and the monetary value per hour. ‘Based
on this daily benefit, the average annual b’e.neﬁt‘for_' the community served can'be
- calculated using the number of households and: the time served: throughout the year.
The everage daily saving of hours per household and the monetary value per hour for
- each community, together with other condrtrons requrred for estrmatmg the beneﬁt are
listed in Table 6.4.1. ' s Lo ' '

(2) Benefit of Reduction in Emergehcy Water Supply Costs = - o

'Objecti've comm‘un'i.ties of the"'brop'os‘ed seven schemes, excepting the two
supplemental schemes, have been: supphed with- emergeney water from PWD for.6
months of the dry season. The gmergency water was supplied at a rate of 400 1o 800
- litters: per household each week by a PWD water tanker with a: carrymg capacrty of

_ 4,200 litters. bt ol

~ - As mentioned in the estimates of O&M cost in Section 6.4.2, the operation cost of
the PWD water tanker was ‘estimated. at F$ 120 per round trip at 1994 prices. -
' Approxrmately one-third of the operation cost is personnel expenses:: An €Conomic cost
of the personnel expenses is assumed to rise at an average’ rate of 2.% per annum, based :
on the trend of real growth of the per capita GDP of Fiji. Accordmgly, the economic
operatron cost of the PWD water tanker will inicrease year by year under: the condrtron of
_ w1th0ut pro;ect

After completion of the water supply system, the emergency water supply will fall
into disuse. The reductron in operatlon cost of the emergency water tanker will be _
appropriated as a benefit of the project. Condmons of the beneﬁt estrmates foreach
scheme are gwen in Table 6 4, 1 ' '

- The 'benefits of M and (2) above, are applred 0 seven' schemes, two commumty_ : |
schemes two expansion schemes; and- {hree emergency schemesr The: annual beneﬁt of -
the project for each scheme in 1997 is estimated under the condmons shown in Table‘
6.4.1; ’I‘hrs calculatron is’ grven in Tables 6. 4 2 and 6.4:3; o ’ Gl

For example, the Vutuni’ commumty scheme s (B—63) annual trmesavrng benefit -

- per. household m 1997 is estrmated at F$ 107 usrng the househeld mcome of




F$ 71/month, a saving time of 2 hours/day, and assuming that the employment
opportunity for surplus time is 50% of the usual situation. On the other hand, the
annual benefit for reduction of emergency water supply cost per household in the same
yearis éstimated at F$ 335 using the operation cost of water tanker of F$ 122.45 per
round trip, the carrying capacity of 4,200 litters/tanker, the quantity of water supplied of
400 litters/household/week, the utility rate of emergency water of 75 % to the total water
consumption in the dry season, and assummg that the emergency water supply is six
months per annum.” '

- The annual benefit per household is given as a sum of the timesaving benefit and
the benefit of ‘reducing the emergency water supply cost. As a result, the total annual
benefit in 1997 for the Vutuni Creek commuhity scheme is estimated at F$ 16,236 using
the number of 48 households in 1997 shown in Table 6.4.1. The annual benefit in
1997 for the other schemes was also calculated in the same method, as shown in Tables
6.4.2 and 6.4.3, and these results are summarized in table on next page.

“As stated in Items (1) and (2) abové, ‘the economic value of time saved and the
economiic personnet expenees"in the operation cost of the emergency water supply
tanker are assuined 10 rise at a raté of 2 % per annum. Taking this rise into account, the
‘éxpected annual benefit of the project would be increased every year during the period
of the project life. Annual flows of the economic benefit are given in Tables 6.4.4 to
6.4.12. S

(3) Benefit of Increase in the Quantity of Water supplied to the Water Supply System

This benefit is applied to the Varadori-Veisaru Supplemental Schemes (1) and (2).
- Accbrding to'these schemes, water yielded'from the well is supplied to the existing

_ dlsmbutmn network of the Ba regmnal water supply system, via transmission pipelines
- and a semce TCSErvoir. Accordmgly, the quantity of the domestic water supplied would
be mcreased by this quannty The £COonomic, benefit is given as an mcrease in public
1ncome p_roduced from the 1nereased water quantity.

o " _ The effectwe quanuty of water supphed is estimated at 101.4. m3/day, deduced as
an unaccounted quantity of 36 % from the producnon water of 158.4 m3/day for the
Varadori- ~Veisaru supplemental scheme (1). For the Varadori-Veisaru supplemental
scheme (2), effective supplied water of 175.1 m3/day would be obtained from the
production water of 158.4 m3/day. The supplied water is assumed to be a constant
' _quantity__ -thrdughqut- the period of the project life, according 1o the foregoing



development plan. 'I‘he project. beneﬁts for these schemes are estimated under the
followmg condltlons : '

- _Thé unit water 'ché,rge at. fhe beginning of .1995 -according to. information
~_obtained from PWD is set as F$ 0. 1202/m3 for. domest:c use, and . F$ _
0. 4156/m3 for commercxal use. .

- These water charges are generally e_:xpected 0 change in proponi_on to inflation.
However, because that the n'se' in prioes is not accounted for in the economic
analysis, and the cost estlmates in the present study are based on prices. at the
. beginning of 1995, the unit water charges above are apphed as constant. figures '
to dunng the penod of the pro;ect life. . '
- The ratio of domestic and commercml consumptlon is assumed to. be 80: 20
based on PWD stausucal data.

. __Unde_r,- the above;conditj_ons, _the_annual economic benefits: for the Varadori -
Veisaru supplemental scheme (1) are estimated to be F$ 6,543, consisting of F$.3,509.
for the domestic use and F$ 3,034 for. comfnercial use. The annual ‘benefits for the
same scheme (2) are estxmated at: F$ 11,301, composed of F$ 6, 061 for domestic use

~ and F$.5 240 for, commercnal use. These annual benefits would accrue every year

'throughout the penod of the pro_]ect life, as shown in Tables 6.4.4 ancl 6.4.5.
(4).Summary of the Economic 'Annual.Be;-nq'ﬁt in 1997 .

"The economic annual benefitin 1.?92-fér each scheme is ,Summ.aﬁ'?bd; belo'w;

N .. AnmoualBenefit . . . AnnualBeneﬁt -'
VutumCreek 162366Rabu1u 79,598
. Kukunirewa™ ' V8,505 77U 7. Vaileka T 145052

Vatuyaka S 20,368 7 U8 Yalalevu f‘-{}_"*_”-"-'735",'11_’1-‘j-”j"__ o
_Varadon-Velsaru(l) 6,543 Koronubu SR '_ 50,003 o
'-"'-*Vatadorl-Velsam(Z);ﬁ T 15 D% 1) Eei T e P A Wi
- Unit: F$; i

@R W :—”
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6.4.4 Results of the Economic Analysis

_ Using.the,annual. flows of the economic cost and benefit for each scheme shown

in Tables 6.4.4.to 6.4,12, the economic, internal rate of return (EIRR) and the net

" present value (NPV) are calculated and the results are summarized in the following
table: '

EIRR . esgn; YQJQQII_:'&[

o Sc.hemes'” I (%) . : Cost _ Beneﬁtt Nei

1 Vutuni Creek 2.51 343,101 162,162  -180,939
2. Kukunirewa - -0.67 262,289 89,535  -172,733
3. Vatuyaka 1.64 460,626 207,772  -252,854

4. Varadori-Veisaru(1) below -1.00. 422,855 56,073  -366,782
* 5. Varadori- Velsaru(2) below -1.00 643,558 96,849 - -546,710

.6, Rabulu " 13,59 - 727,232 979,915 252,684
7. Vaileka ' below -1.00 - 646,089 428,385 -217,704 .
8. Yalalevu below -1.00 938,603 719,445 -219,158
9. Koronubu . below -1.00 972,707 470,637  -502,064

* Discount rate : 10 %

Of nine schemes, the Rabulu expansion scheme achieves a c'ompnratively high
_EIRR of 13.59 %, which indicates economic feasﬂnllty This is mainly due to a hi gh
_ umesavmg benefit (see Table 6 4 2)

' FolloWing'th'e Rabulu e'xpansion‘ ‘sc"hem'e are. the Vutuni Creek community scheme
and the Vatuyaka expanswn ‘schéme with low EIRRs of 2.51 % and 1.64 %,
respecnvely, which are ‘not economlcal]y feasible. These low percentages of EIRR
chiefty results from low time savmg beneﬁts, is due to the average low income per
household ' '

“EIRR for the Kukumrewa commumty scheme indicates a negatlve percentage,
-0.67 %. However, the total économic benefit (F$ 354,215) sufficiently exceeds the
total economlc O&M cost (F$ 125 ,430) for the period of the project life (see Table

- 6. 4.5). Accordingly, although this as well as the Vutuni Creek and Vatuyaka schemes
- are not economlcaily feasible, it will be poss1ble to economicaily operate and maintain
| the pro;ect after compietlon of the facﬂltles '

'I‘he other ﬁve schemes are not economlcally feasible, and ¢ even the operation and
_ mamtenance of the pro_]ect seems to be’ dlfﬁcult to jushfy becalise the 0&M costs exceed
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the benefits every year for the period of project life, as shown in Tables 6.4.7, 6.4.8,
6.4.10, 6.4.11, and 6.4.12. However, the areas to be served by the three emergency
schemes always expenence Jow water pressure and water-supply shortages, therefore
they are expected to have a fair effect on soc1al envzronmental lmprovement ' '

In conclusion, the first priority from a socio-economic point of view woild be
_given to the Rabulu expansion scheme followed in order by the Vutuni Creek
community scheme, the Vatuyaka expansron scheme, the Kukumrewa commumty
scheme and the three emergency schemes '

65 Envuonmental Impact

‘The groundwater development will cause impact:on the natural and social
environment. The' results of the envrronmental assessment of the groundwater
development in the study area are as follows, ' :

(1) Land 1sub_sid:en'ce’ -
_ ~In the study area, there-is no soft strata therefore, groundwater pumpmg w:ll not
cause land subsidence. ' ;
(2) Sea water: mtrusron
Saline water intrusion of groundwater occurs in parts of the Study Area Some
test wells are located at a low elevation, and saline water, 1ntrus1on is possible.

Accordtng to the results of the groundwater smulatlon (see section 3 .3), we can prevent |
- salt intrusion by reasonab]e planmng of the groundwater deve]opment

3) Inﬂuen_ce on the e’xisting_ wells_

_ Accordmg to the results of the groundwater mmulatlon, groundwater development .
by the new wells will not affect the influence of drawdown o other exrstlng wells

@ -Gfoﬁnf!\sstéfsstlstieﬁ fromasfochemwals -

The main land use of the Study Area is . sugar cane A:_vast amount of o

'agrochemlcals and fert:llzers are consumed in sugar: canée plantmg Accordmg to the . o

results of the chemical exammanon of agrochemwals and fertrhzers the constrt_uents of.
: all 1tems are less than the hmlts m concentration levels or water quahty standards




Therefore, contamination by agrochemicals and fertilizers does not occur in the Study

(5) Health

- Eleven ‘test wells were drilled in the study area and seven were planned for
groundwater development. The constituents that are above WHO standards for potable
. water are as follows ' ‘

TWO002 Iron(Fe), Manganese(Mn)
- TWO04 - -
TWO0S | Color, Turbldxty, Iron Manganese, Alummum
TW006S 'Turbldlty |
TW008 -
'_rwo_u_: -

- The water quahty of TWO01, TWOO4 TWOOS and TW012 sausﬁes the criteria
'for a potable water. supply. The. groundwater of TWQ02 is planned as an emergency
water source, however the concentration level! of iron and manganese is higher than the

' standard_s set down for a potable water supply. It will be necessary to install iron and
manganeée removal equipment. The groundwater of TWO005 is planned as a
supplelnental'source for the existing water supply system. The concentration level of
several constituents in this water exceed WHO standards. This groundwater will be

 supplied to the reservoir and mixed with the reserved surface water. It is expected that
mixing will reduce the concentration of the above constituents resulting in reducing the
levels to within WHO guidelines. The turbidity in TW006S is higher than WHO

standards, therefore it is r_econnncnded that filtering equipment be installed. B
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7. WATER SUPPLY DEVELOPMENT PLAN ON PRIORITY SCHEMES
7.1 Selection of Priority Sc‘hemes

In chapter 6, nine water supply schemes were proposed and examlned to'
formuiate the overall water supply development plan in the Study Area. Based on the
- results of the socio-economic and environmental evaluations described in Section 6. 4"
and 6.5 of this report, four schemes, Vutum Creek Commumty, Kukunirewa :
Community, Vatuyaka Expansion, and Rabulu Expansron were judged to have a
higher ranking out of the proposed nine schemes The others have a negative value and
itis judged not viable to proceed with a more detarled study. . '

The degree of water shortages of the four schemes are almost the same, accordmg
to the results of the ﬁeld 1nvest1gat10ns conducted in the course of the Study For the
selection of priority schemes the fo]lowmg were taken rnto consrderatlon o K .

- To' mitigate the present water shortage problems as much as poss'ible;, it'is
]udged that schemes witha large populatmn have a priority, and o |

- Communities in the vrcrmty of urban areas’ are regarded as havmg a hrgher

- degree of emergency m 1mplementatlon ofthe schernes ER SRR

In consultanon wrth PWD, the followmg three schemes were ﬁnally selected as
the prronty schemes, and their prelmunary desrgn wrll proceed e

: .._-.Vutum Creek Commumty Scheme PR R
.'_-Vatuyaka Expansron Scheme -
. -Rabulu Expansron Scheme -

7.2 '-:'Des1gn Crlterla EIE AR

Prior to the prehmmary des1gn of the selected three schemes it is requrred to
define the design criteria. PWD prepared the fo]lowmg three design manuals for the- '
design and planmng of the water supply project in F1]1 :

- Rural Water Supply Design Manual November _198_4
- Water Supply Design Manual (Draft), 1990
- Rural Water Supply in Fiji

It seems that the des1gn cntena/gurdelmes descnbed m the above manuals are not S

definitely established and are subject to change and/or. modrﬁcatron in conforrmty with

the conﬁguratron of a water supply scheme The desrgn cntena for the prehmmary' Lo _-3 t



design of the selected :schemes: were, therefore, prepared referring to the design
‘manuals, as shown in Table 7.2.1.

The transmission and distribution pipes will be mainly UPVC pipes and installed
underground in trenches. A typical section of the pipe trench is shown in Fig. 7.2.1.
For river/creek crossings, the pipes will be attached to a bridge, or installed on a
culvert, or undemeath the river/creek, depending on the topographtc conditions and the
COndltIOD of the extstmg fac1lmes Galvamzed steel pipes wﬂl be apphed 10 the pipe

matenal in the crossmg portlons Standard de31gns of the crossmg are shown in th
7 2 1. ' ‘

~Air y'a]'\ies will be installed at each peak point along the pipelines and sluice valves

- will'be installed on the -pipelines downstream of connection/branching points. The

minimum diameter of the distribution pipes will be 75 mm, however 50 mm will be:
used where the water is distributed to less'than 6 houses. Setvice pipes will be made of
polyethylene with a diameter of 15 mm and the length is assumed to be 15 m from the
branch of the distribution pipe. '

Servrce reservmr w111 be a ground type ‘made of remforced concrete. The
effectlve depth of the reservmr 1s setat 3 m ‘

'7 3 Proposed Development Schemes

The prellmmary desngn of the selected three. schemes was conducted based on the

' results of the detatled field 1nvest1gauon, referring to the topographic survey. results,
~ proffered by MRD. The survey works were conducted by a private company.

contracted to MRD and the works were mstructed by MRD staff and the JICA Study

: Team

. The water'supply facilitiés of each scheme will consist-of a test well drilled by
JICA or MRD, a submersible pump, transmission pipelines, a service reservoir, a

distribution pipe network; and service pipes to house connection. The chlorination
_ facﬂtty will be constructed at the service reservoir. site. The well water will be pumped

up by’ electricity which w1ll be supplled ‘through a new power transmission cable

' 'connected from the: ‘nearest existing - FEA 11 kV. power transmission line. The
_ submersible: pump will be operated-and coritrolled automatically by a timer switch

installed- with the pump. T his timer switch: was selected from several alternatives

a 'cons1denng its sxmphcny and economy ’I‘he pump operauon ttme 1s set by the timer
. sw1tch at 20 hours/day - ' o
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The principle features of the water supply facilities of ‘each scheémes are shown in-
Table 7.3.1. ' e e

7. 3 l Vuturu Creek Commumty Scheme h
: (1) Water source facﬂmes

_. . The proposed well 1s TWOOI dnlled by JICA for thrs Study, and 1s located at'
center of the servrce area. The well has a dtameter of 150 mm and a depth of 76 m, A '
submersible pump, havmg ahead of 102 mand a dlscharge of 0 84 s, w1ll be mstalled
at the well site. The pumpmg operatlon time controlled by a timer switch is planned at
20. hourslday . The power source: wrll be snpplled through anew 2.5 km {1 kV power

- transmission cable. The voltage will be reduced down by a 30 kVA transformer, newly

mstalled at the well site.: The pumped water will be conveyed through the transmission
prpe to the service reservoir, planned to be- srtuated on 2 hill, 250 m west of the well..

(2) Water transnnss:on facrhnes . '

A transmission prpeltne 75 mm diameter x 410 m long, will be la:d along the
Vatum road and w1ll then climb a steep slope between the road and the servrce reservorr :
site. The service reservoir has a storage capacrty of 75 m3 (5 Om wide x 5.0m long x_i
3.0 m high). HWL and LWL of the reservoir are set out at EL 113.0m and EL 110. 0'
m, respectlvely, considering the topographlc condition - of the service area. A
~ chlorination fac111ty will be constructed at the ‘Teservoir site “and the water w1ll be
chlonnated at a rate of 5.6 kgjweek The plan for the transmlssron facthtles is shown in®
F1g731(1) : R P I ST 4 :

' (3) Water dlstnbutton facﬂmes h

Dtst.nbuuon plpes will be laid along Vutum road about 2.0 km to the west and 24
km to.the east of the service reservorr There are 6 drain culverts and 3 creek crossrngs
by submersible bndges along the pipeline route. To CTOSS the existing dram culverts at.

5 locations, the pipe will be laid in the space. between the road surface and the.crown of- o

the culvert and at. locatlon, the p1pe w1ll be: mstalled underneath the water course besrde-‘; o |

the culvert. To cross. the: creeks with submersrble bndges, the pipe. wrll be la1d below;_" |

the creek 2 locattons and will be attached to the bndge at: 1 locauon Galvamzed steel R
will be apphed to the prpe matenal at: the crossmg _srtes ' |

All the ptpes w1ll be 75 mm in dlameter and_4-,'590"m in length‘ 10 air valve
be installed at each peak pomt of the plpe network and T slurce valves wi be set at the' i
‘branch pornts _ , -




‘The plan of the water distribution facilities is shown in Frg 7.3.1 (1)
7.3.2 Vatuyaka Expansmn Scheme
(1) Water source facﬂmes

" 'The water source of this scheime is the GWO035 well which is located just beside
 the existing trim line. The well with a diameter of 150 mm and a depth of 45 m was
drilled by MRD as a test well. .The water will be pumped up at the well site by
submersible pump with a head of 111 m and a discharge of 1.5 I/s. The pumping
' operation time controlled by a timer switch is planned at 20 hours/day. Electricity for
the pumping will be supplied through a new 0.3 km 11 kV power transmission cable.
The voltage will be reduced by a 30 kVA transformer at the well site. The pumped
water will be discharged through a transmission pipe into the service reservoir situated
on a hill in_.the_horthea’st of the community.

(2} Water transrmssnon facﬂmes N

A transmission pipeline will be laid along the trim line, Vatuyaka road, and Daro
road cormectmg to the service reservoir, The pipeline will be 3,950 m in long and
75 mm in diameter.  On the pipeline route, there are 11 drain culverts and 1 creek
crossing by a submersible bridge. ‘To cross the existing drain culverts, the pipe will be
taid in the space:between the road surface and the crown of the culvert at 6 locations
and will be installed underpeath the water course beside the culvert in 5 locations. To
cross the creek with the submersible bridge; the pipe will be attached to the bridge.
Galvanized steel will be applied to the pipe material at the crossing sites. 12 air valves
and 2 s_l_uice_yalve_s will be installed on the pipeline.

The service reservorr has a storage capacuy of 135 m3 (6. Omwidex 7. 5m long

| 'x 3, 0 m h:gh) HWL and LWL of the reservoir are set at EI 93.0 m and EL 90.0 m,

respect.lvely, con31denng the topographrc condition of the whole service area. A

: 'chlonnatlon facﬂlty will be constructed at the reservoir site and the water wﬂl be
'chlonnaued at a rate of 10 1 kg/week -

The plan of the transmission facrlmes is shownin Fig. 7.3. 1 (2).
' (3) Water dlstnbutlon facrlmes :_ |

The drstnbutlon plpes “will be la1d on- Daro, Sorokoba, and Khalsa roads,
: covenng the serv1ce ‘aréa. There are 14 drain culverts. The plpe will be laid in the
'space between the road surface and the crown of the culvert at 12 locations to cross the
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existing drain culverts, and will be installed underneath the water course beside the
culvert in 2 locations, Galvanized steel pipe will also be used for the crossmgs

The distribution pipe network will consist. of p1pes, 100 mm dlameter x1 530 m
long, 75 mm diameter x 3,230 m long, and 500 mm dxameter x 410 m long 12 air
valves will be installed at each peak pomt of the plpe network and 8 slurce vaives will
be mstalled at each branch pomt

: The plan of the water drstnbutron fa01l1t1es is shown in F1g 7 3 1(2)
7.3. 3 Rabulu Expansron Scheme
(1) lWater source fac_iliries o

“The proposed well of this scheme is' GW254 which i§ located just beside
Nasayani road about 1.5 km from ngs road. The well; w1th a drameter of 200 mim
and a depth of 38.3'm, was drilled by MRD as the test well in 1989 The water w1ll be
pumped up at the well site by a submersible pump with a head of 104 m and a
drscharge of 2.5 ¥/s.. A timer switch will be installed:to control the pumping. operatlon

" time of 20 hours/day A new: 1.5 km 11 kV power transmrssron cable will be -
constructed: to supply the electncrty for. pumpmg A 30 kVA- step- -down transformer -
will be installed at the srte. ‘The: pumped water will be carried through: the transmrssron
plpehne to the proposed: sérvice reservoir whrch wrll be situated-onia hrll in.the east-

northern: part of the commumty ' ‘

- (2) Water transmlssron facrhues

The {ransmission prpelme will be lard along Nasayam road and ngs road and
then to pass through the commumty connectmg to.the serv1ce reservorr .The prpelme :
_w1ll be 6 800 m in long and 100 mm in drameter On the prpelme route 1n Nasayam

road the prpe wrll be la1d ]ust besrde the ex'.stmg fence of Yaqara Rancho On ngs o

road the prpelme w1ll be mamly 1a1d m the shoulder of the road on 1ts left srde to the -

west. There are lots of the exrsung road crossmg fac111t1es along the p1pe11ne route o N
consisting of 8 drain culverts and 3 bndges To cross the exrstmg dram culverts the- - .
pipe will be laid in the space, between the road surface and the crown of the culvert a7 '

locations and undemeath the water course beside the culvert atl locauon To cross the
creek by brldge the pipe will be mstalled undemeath the water course besrde the’ bndge= .
at2 locatrons and w111 be attached to.he bndge at 1 locauon _Galvamzedisteel 1s appl1ed3 '

to the plpe matenal at the crossmg srtes' 8 arr valves and 4 slurce valve w1ll be =

| mstalled on the prpelme AT,

e




.. The service reservoir has a storage capacity of 230 m3 (8.5 m wide x 9.0 m long
x 3.0 m high). HWL and LWL of the reservoir are set at El. 65.0 m'and El. 62.0 m,
respectively, considering the topographic conditions of the whole service area. A
chlorination facility will be constriicted at the reservoir site and the water will be
chlorinated at a rale of 16.8 kg/week. |

""" The plan of the transiission facilities is shown in Fig. 7.3.1(3).
(3) Water distribution facilities

The distribution pipes will be laid on Rabulu road 3 km south from the junction
with Kings road and about 2 km west (to the Indian school) and 1 km east on Kings
road. There are 15 drain culverts and 4 creeks with bridges: The pipe will be laid in
the space between the road surface and the crown of the culvert at 15 locations to cross
the existing drain culverts. At2 of the 15 culvert crossmgs, the pipe will be laid ont the
culvert encased by concrete as there is not enough to install the p1pe in a trench. To
cross the creeks, the pipe will be installéd underneath the water course beside the bridge
at 3 locations and will be attached to the bndge at 1 location. Galvanized steel pipe will
also be used for the crossings.

The d1stnbutron plpe network will cons1st of prpes, 150 mm diameter x 850 m
long, 100 mm long’ x 2,180 m long, and 75 mm long x 3, 600 m long. 12 air valves
~and 11 slurce valves will be installed in the pipe network. On the eastern pipe route

along Klngs road the drstnbutlon pipe wrll be installed parallel with the transmission
prpe 1n the same trench. '

- “r’h‘e'ptan of the water distribution facilities is shiown in Fig. 7.3.1 (3),
| 7 4 Implementatlon Programme

The selected three: schemes, Vutum Creek Commumty Scheme, Vatuyaka
o _Expansron_Scheme, and Rabulu Expansion: Scheme, will be realized in the year 1996
~ and their im'plementation schedules are -presented in Figures 7.4.1107.4.3.

o ' The ﬁnancral arrangement for the 1mplementatron of the schemes wrll be made
S within 1995 followrng the completion of the Study in May, 1995. Land acquisition

; - will be mterrmttently -carried out in parallel with the financial arrangement and will be

finished:i in: January, 1996 The topographic survey and detailed design-are scheduled
to' commence at the begmnmg of January, 1996 and: the construction will follow the
completron of the desrgn
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~:All the construction works wnll be. completed by the end of 1996 and the water
supply will commence in late 1996 / early 1997.- ' : '

7 S Operatxon Mamtenance andManagementPlan _ '.

To check that water supply facilities are propérly operated and arc :functi'onin'g:,'fit'
~ is recommended that the foltowing mspectlon and mamtenance procedures are. camed
out, and the results recorded to assist in further mspect:on and mamtenance

" Daily inspecti in e B
.- water level at the service reservoir
e groundw‘ater level in the well
‘- pumping ‘head and dlscharge _ NREHUAE
f- electrtc voltage and current of the submersrble pumpmg equlpment

_ - semng bleach:mg Powder m the chlonnanon facmty
A Water qllallty

nthly ins na i te' ce
S water leakage from the transmrssmn and dlstnbutlon pipes .
- :nsulatron reststance value of the submerslble pump equrpmcnt o

' Other than the recommended 1nspect10n ‘and mamtenance itis also requrred to
conduct an overhaul of the submersible pump at intérvals of several years. The first
overhaul is recommended within 1~ 2 years after the commencement of the pump
operation, with the following overhaul being determiried based on the results of the first
overhaul. o ' ' : ' '

The submersible' pumps will be controlled by‘a timer swrtchand the pump
operation time is set at 20- hours/day, whrch is. determined based on the: supply yieldin - -
the year 2011 (design. capacrty of the system) ‘However, the water demand and supply B
yield are assumed to be: less than the desrgn capaetty of the system for 10~15. years after _
completlon of the water supply facrhttes, therefore the operatron ttme should be

.....

There are:two types of water supply system in the selected schemes,-e.the smgle'- o
| commumty system- and the: expanded regronal system. The operatlon, mamtenance and o
management plan. (OMM plan) on. the selected schemes were therefore, recommended e |
for the two methods - SRR




~+ As far as the expansion system is concérned, PWD, by itself, will implement the

- design and the constriction of the water supply facilities, and will own the system ds a
_part of the PWD regional system. PWD will also collect the water charges according to

the water tariff stipulated by them. Therefore the proposed water supply schemes of
the expansion system will be operated maintained, and managed by PWD as at
present. . The OMM of the exrstmg water supply facilities of the Ba and
TavuaNatukouia regtona} water supply systems 'has been conducted effecnvely In fact
the PWD Ba and Tavua dtstnct offices were awarded ' good maintenance of water
treatment plant" awards in 1994 If the present OMM modes are carried out for the
proposed expansion systems no problems may arise. 'I'here is no need to recommend _
a new OMM method of the proposed expans_ron systems.

On the other hand, the water supply facilities of the Vutuni Creck Community
Scheme will be constructed by PWD with the cooperation of the community,

reprovision of unskilled labor. When the facilities are completed, PWD will maintain

them for a period of 6 months, then they will be handed over to the community, which
will become entirely responsible for the OMM. Therefore, a proper OMM plan must be

established; as the community has not'had experience especially in operating systems

composed of f pumps The existing communal system of the Vutuni Creek commumty

failed due to- 1mproper mamtenance

Dunng the 6 months maintenance penod it is recommend to conduct the
followmg

. PWD will hold seminars to explain how to operate maintain and manage the
walter supp]y facilities,
- _PWD will prepare an O&M rnanual in terms of techmcal and operatlonal
. Jpomts and ' :
- the community will set up an water supply anion.

The recommended organizaﬁon of the water supply union for the community is

- shown in Fig. 7.5.1. The union will consist of three sections from each task force.

’I‘he semmar aims at’ mstructmg the OMM method to the water supply unit and the
engineering section will conduct O&M ih accordance with the manual. To cope with

" problems te'chnically’difﬁcult to solve without PWD assistance, it is recommended to

establish a cooperatwe system between PWD and the union so that PWD can assist the

commumty

~ Water charges will be deterrmned in consideration of the costs of electncrty for

_ pumpmg and spare parts The water charge will be collected and funded by the
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admtmstratlon section of the umon PWD wrll prepare a store. room for spare parts, |
which is included in the constructton of the scheme and the commumty must manage

the spare parts. The commumty can use the spare parts for repalrs, and must replemsh,

stocks out of the fund.

Also, the recommended plan would be effecttve for OMM of the exrstmg
communal water system ‘and w1ll be expected to be a model case for OMM of the
extstmg/planned communal systems The detatls of the manual contents of the' '
semmar, and tasks of the each sectton m the umon should be exammed accordrng to the
. _deta:led conﬁguratton of the water supply system determmed m the proceedmg detarled
desrgn stage.

7.6 _Cos_t E_.sti_mates L

7:6.1 Construct:tonCosts R et
The constructton costs were esttmated at the December, 1994 pnce level for the o

_ respecttve proposed water suppiy schemes They comprise local and foretgn currency

components and are: d1v1ded 1nto dtrect and mdrrect constructton costs, _contingency,

and tax and duty. . The mdrrect constructron cost mclude land acqmsrtton and

engineering services. The conttngency consists of the physrca] conttngency and the

price escalation, “The direct construction cost is based on the work quantlty and the unit
pnceofthec:orrespondmgworkttem SRR AR

The basis and conditi'on'of the cost estimate are as'fo_llows:
(1) Conditions of procurement
The main constructton materlals and equtpment will be procured as foliows
Local . _
UPVC pipe, cement sand gravel remforcmg bar forms_
. support and. scaffoldmg matertals, chemtcals Gty
~ Foreign -, T e

,galvamzed steel ptpe, valves, flow meter screen casmg" :
ptpe, . submer31ble pump :

(2) Umt pnce by work ttem " 2

This covers the direct cost of labor matenals and equrpment and mdu‘ect costs '
_ such as overhead and sn;e expenses ' '




(3

Exchangerate. .

’I‘he forelgn exchange rate was’ assumed at US 1,00 = J Yen 100, F$ 1.00 =

' :JYen?O

@

©

(6)

'Land acqmsmon e

'It has been based on the area to be covered by the construction of the service

reservoir, and its unit price, as given by the Regional Lands Departments in each

. area,

En'gi'neering services

3 'I‘hese are assumed to be 10 % of the direct construction cost summed up in local
.. currency port:ton

Contingency

The physical contingency is assumed to be 10 % of the sum of the direct and

.., indirect construction costs. The price escalation is also assumned to be 5 % per

)

® C

annum for the local currency component and 3 % for the foreign currency
component. '

: Value-added'tax and impbrt duty. |

The value added tax is assumed to be 10 % of the costs for the constructlon

' matenal and equ1pment and 1mport duty is assumed to be 10 % of the costs in the
foreign currency for the constructlon material and equipment.

Co_sts for insurance -

The costs for insurance is excluded from the construction cost.

The total construction costs for each scheme are estimated for two cases, with and

without the construction cost for the existing wells, and are shown in Tables 7.6.1 to
7.6.3. A summary of the total constructton costs and the direct construction costs are
‘as follows S ' e
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Total Construcuon Cost (with the construction cost for the exlstmg well)

(Unit : F$)

:'_.Tol,al

1. Vutuni Creek 298,152 65,343

3. Vatuyaka 422,937 62,937 .

363,495
- 485,874 .

6. Rabulu" - 68'2;545' _88,306

Dlrect Constmcnon Cost (w1th the construction cost for the exlstmg well)

' 770,351

. (Unit : F$)

No. Scheme _ LIC‘_ : .._FI.C L

Total

1. Vutuni Creek 220810 48,800
3. Vamyaka - 3163000 ¢ 47,003
6. . Rabulu_ 510,151 65,949 - -

269,610
363,303

576,100

7. 6 2 Operauon Mamtenance and Replacement Costs

The operatlon and mamtenance costs requtred to 1mplemenl the each water supply

development scheme consist of the followmg,

(i) - Personnel expenses for O&M of the water’ supply facilities, | -

(i) - Electric charge for the submersible pump,
" (i_ii)_ Chemlcal costs for chlonnatlon '

(1v) ‘Repamng expenses for the eqmpment of the submersnble pump, and

) Value—added tax for the chemlcals and the equ1pment

The annual O&M costs are estimated accordmg to the OMM plan, as shown in

Table 7.6.4 and summarized below

Annnal.O&MCost'('Year:'l997)' . (Unit:F§)

. Scheme . - UC F/CTotal BETHEE R .
1. Vulni Cxeek 21370 588 2725 i ainie
3. Vamyaka . o.5636 61216248 . ao

6. Rabulu ' ,.4,866 732 5 598 ,

Annual O&M Cost (Year :2011) (Uit F$)
_Scheme  LIC. FC - Total

I. VuwniCreek 4084 588 4672
3. Vamyaka - 8719 612 - 9331

6 Rabulu 12872 732 13604

g



Some of the facilities, especially the mechanical and electrical equipment for the
pumping facilities, have shorter lives than the civil works, and will require replacement
‘within the project service life. The replacement cost for the pumping equipment is
- assumed to be encountered 15 years after the initial investment, considering of the life
of the equipment.
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‘8. PROJECTEVALUATION
8.1 EconomicEvaluaton
8.1.1 General

The economic evaluation in this chapter aims to examine the economic feasibility
for the three schemes; (1) the Vutuni Creek community scheme, (2) the Vatuyeke
expahsion scheme and (3) the Rabulu expansion scheme, by cOmparihg the economic
benefit and the more accurate economic cost. -

The comparison is carried out using the Economic Internal Rate of Return (EIRR)
and the Net Present Value (NPV), under the conditions and assumptlons for estlmatmg
the economic benefit and cost, shown in Section 6.4.1.

~ 8.1.2 Economic Cost
The economic cost for the three schemes is estimated from the construction cost

and O&M cost shown in Section 7.5.- Annual flows of these costs are mdlcated in .
Tables 8.1.1, 8.1.2 and 8. 1. 3, and are summarized as follows: .

Economic Construction Economi¢c O&M Cost

Scheme . Cost(199) 1997 2011
1. Vutuni Creek 326338 . 2610 4,530
2. Vatuyaka 49707 6100 9,150

3. Rabuly | 697,191 5440 13350
Unit : F$- ' ' : o '

In addition to the above O&M e_ost, a repiacement cost for the pump is required
for each scheme in the year 2012, 16 years after completion of the facilities, Its cost is
estimated at F$ 15,610 for the Yutuni Creek community. scheme, F$ 16,170 for the -
Vatuyaka expans:on scheme, and F$ 18,780 for the Rabulu expansnon scheme

8.13 Economic'Beneﬁ_t

The economic benefit of the pro_]ect 18 glven as the dlfference between the water

*supply conditions with and without the pro;ects Esnmates of thlS benefit are mainly

composed of two categories; (1) savmgs of time spent fo fetch water, and (2) redUCthH_l ; |
of emergency \ water SUPPIY costs. ' | i

s
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A methodology of the benefit estimates is stated in Section 6.4.3, and the benefits
for the three schemes are the same as values given in this Section, that is, the annual
benefit in 1997 is estimated to be F$ 16,236 for the Vutuni Creek community scheme,
F$ 20,368 for the Vatuyaka expansion scheme, and F$ 79,598 for the Rabulu expansion
scheme. :.Thg. _annual ‘benefit flows for these schemes are indicated in Tables 8.1.1 to' ,

813, -

8.1.4 Results of the Economic Analysis

Usmg the annual ﬂows of the economic cost and beneﬁt for each schemc shown _.
in Tables 8.1.1 to 8.1.3, the economic internal rate of return (EIRR) and the net present .
value (NPV) are calculated and the results are summarized in the followmg table:

EIRR  Present Value(F$)*

Schemes  ®. . Cost Benefit Net

1. VutuniCreek . 262 . 330,608 162,162 168,447
2. Vatuyaka - - 125 468,507 207,772 -260,735
3. Rabulu 1383 718,160 979,915 261,755

* Discount rate_: 110% . -

Of the three schemes, the Rabulu expansion scheme achieves a comparatively

‘high EIRR of 13.83 %, which indicates economic feasibility. This is mainly due to the

high timesaving benefit (see Table 6:4.2).

~The Vutuni Creek community scheme and the Vatuyaka expansion scheme

~ indicate low EIRRs of 2.62 % and 1.25 %, respectively, which are not economically

viab_,le} These low percentages of EIRR chiefly result from low time saving benefits

- due to the average low income per household. .. . ..

However as shown in Tablcs 8.1.1 and 8.1.2, the annual economic benefits for

_ these two schemes sufficiently exceed the annual economic O&M costs each year
“during the period of the projed_t life. Accordingly, although these schemes.are not.

economically feasible, it will be possible to economically operate and maintain the

- pmjectafter completion of: the facilities. .. -

. '._1-5;1.;-' '



8.1.5 Sensitivity Analysis

Several conditions and as'su'rnptio'ﬁs' ‘based - on -pr‘ofessibna.l 'expeﬁ'e_hces'-and'
appropriate judgment by experts, have been carefully set throughout the:study, - but”
there is always some question as to the degree of reliability of the inputs. . A test is -
therefore c_erried out to judge sensitivity of EIRR in regard' to variations in the éstimated
economic costs and benefits. o

The sensmvuy of EIRR for the Rabulu expansion scheme is tested for 5 % and
10 % increases in the economlc ‘cost and'the 5 % and’ 10 % decreases 1n the economre _

benefits. The results are summanzed as follows .

EIRR Sensitivity Test.

“Decreasein * Increase in Cost

- Benefit 0% 5% 10%
0% 1383 1318 1258
5% 1315 1252 1194

10% 1245 1184 1128

" As shown, EIRR for the Rabulu scheme maintains a high figure of 11.28 %,
which indicates economic feasibility, even for the unfavorabie case where decrease in
benefit and increase in COSt?'are both -1(}_%. A e B

“EIRR for the Vutuni Creek schemes falts to 0. 85 %, when al10 % increase in cost:
and a 10 % decrease in benefit are combined, and the Vatuyaka scheme mdtcates a
negative EIRR for the 10 % increase in cost, or the 10 % decrease in benefit,

8.2 Financial Analysis "+ -

This analysis is carried out for the two expanSien;seherﬁes'bf Vatuyaka and:
Rabulu, where the domestic water will be supphed by the regional water supply system
~ in the near future. The ﬁnancxal evaluation is gwen by comparmg the cost and revenue |
of the project. According to the cost esttmates stated in Secuon 7. 5 the pro;ect costs'

. fer these schemes are as follows -



Construction Cost &M Cost

Scheme 1996 © 1997 2011
‘1. Vatuyaka -~ 485874 6,248 9,331
2.Rabulu . 770851 5598 13,604
“Unit: F$

The project révenue is estimated using the-unit water charge and the quantity of
water supplted for domestlc use. Aecordmg to the water supply plan stated in Section
7. 2 the effectxvc quantlty of water supphed is planned to be 54 m3/day in 1996 and 90
m3/day in 2011 for the Vatuyaka scheme, and for the Rabulu scheme itis 41 m3/day. in

1996 and 149 m3/day in 2011. The unit water charge is set to be F$ 0.1202/m3 at the

beginning of 1995, according to information obtained from PWD.

The unit weter charge is ger_tetalt)g expected to change in proportion to arise in the
domestic prices. In the present study, the annual revenue is therefore examined in
terms of two kinds of water charges, with and without inflation, where the average

inflation rate is assumed to be 5 % per annum.

o 'l'It_lderﬁ't_he'abdve conditions, the annual revenue for the two schemes is estimated

for the period of project life. The results are given in Tables 8.2.1 to 8.2.4, and are

summarized as follows:

o Annual Re_v'enge of the Project

. WithoutInflation . . With Inflation

R R 1997 - 2011 1997 2011 -
T Vauyska 2337 3895 2572 8263

2. Rabulu B 1,_77_4. , _6,448 . 1,952 13,678
Umt F$ e _ : - .

FIRR for the two schemes is esumated using the annual ﬂows of cost and revente
shown in ‘Tables 8. 2 116824, However, both percentages are a negatwe ﬁgure for all
schemes, and the annual O&M cost also exceeds the annual revenue for every year of -
the project life. Accordingly, the two schemes seem to be difficult financially to
realize. '
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8.3 Summary of Project Evaluation
8.3.1 Vutuni Creek Communlty.;Scheme '

According to this scheme, it is planned to transfer the water supply facil'ities f\ro’m'
PWD to the Vutuni Creek community after completion of the facilities, Therefore the
commumty and its inhabitants will become to share only the cost to operate and
marntam the facilities. '

‘ A possibility of . their. share. for this O&M. cost- .is examined based on the
economic analysis, without an evaluauon of financial aspect for reason that the water
supply system of commumtres in Fljl is- operated ina fashron unique 1o themselves, and
share of the O&M cost between thc commumty and 1ts tnhabltants is dlfferent by
commumty and tune o S - B

As stated in Sectron 8 1 4, the Vutum Creek commumty scheme tndlcates a iow-
EIRR of 2.62 %, which is difficult economically to realize. However, the annual benefit

exceeds the annual O&M cost every year during penod of the pl'O_]eCt life, that 1s, 1t
rneans that the operatlon of the water supply system 1s economrcally possrble ‘

“In addmon to this matter, mhabltants of the Vutum Creek commumty have lwed
under so unfavorable condition that most of their daily water- ‘have to fetch from the.
distant creek, because they have no wells. Realization of this scheme could therefore
be expected, to have a fair effect on soc:al envrronmental 1mprovement even though the_
economlc effect is low '

8.3.2 Vatuyaka Expansio_n S_cheme

This scheme 1nd1cates a negatwe FIRR whrch is not ﬁnancra!ly feasible, due
mainly to the low water charge, and EIRR indicates a low rate of 1.25 %, which is not
economically viable, due to the low household income, despite- the water supp_ly is
under unfavorable ¢onditions. However, the ¢économic annual benefit exceeds the
- economic annual O&M cost every year during peraod of the project life. Therefore the
operatton and mamtenance of the water supply system will be economlcally possrble

: 'I‘hls communrty is the most economrca]ly poor compared to. the other two:

communities. Most of households are farm families, and an average household mcome o

 was less than F$ 50 per month i in'1992. A large number of households depend onrivers |
and springs as water source, and further emergency water of PWD in dry season B
Accordingly, .this scheme could also. 'be:e\tpected to. have a, farr effect on: socxal" '
env1ronmental 1mprovement even thos jthe econ hic and ﬁnanc1al ;




8.3.3 Rabulu Expansion Scheme

This scheme indicates a negative FIRR ,which is not financially viable, due
chiefly to the low water charge. Whlle EIRR achieves a high rate of 13.83 %, which
mdlcates economic: feamblllty, owmg to the high househoid income,

| The majonty of households depend on dug wells far away from thelr households

‘as Water source, and have spent much hours to fetch their domestic water. Accordmgly,

this scheme could also be expected to have, in addition to the economic effect, a fair
effect on social environmental improvement.



9. ENVIRONMENTAL ASSESSMENT

In thls Study, we have planned three water supply systems the Vutum creek
community scheme, the Vatuyaka expansion scheme, and the Rabulu expansion scherme.
The groundwater development will cause as impact to the natural and soc1a1 envrronment
'The results of the envrronmental assessment of the groundwater development are as
follows, -

9.1 Vutuni Creek Community Scheme

Vutuni creek community is Iocated in the Mountainous Area. The main aquifer is
volcanic rocks, and there is no soft strata. Therefore, groundwater pumping will not
- cause land subsidence and saline water intrusion. The source for the water supply is the
planned TWO001 well. According to the results of the water quality analysis, the water
quality satisfies the criteria for a potable water supply. Thus potable water can be supplled '
after sterilizing.

9.2 Vatuyaka Expansion Scheme

This 'ar_ea is located in Ba Uplands near the coast, The mein aquifer is volcanic
rocks, and there is no soft strata, thus groundwater pumping will ot cause land
“subsidence.. Accordlng to the results of the groundwater simulation, we can prevent salt .
- water mtrusron by the reasonable planmng of the groundwater development. The source
well is GW035, and the water quality of this well i is very good Therefore potable water -
can be supphed after sterthzmg

9.3 Rabulu Expansion Scheme

The source well of this water supply scheme is GW254. The rnam aqurfer 1s__
volcanic rocks, and there is no soft strata. Therefore, groundwater pumping will not -
cause land subsidence and saline water intrusion. Accordlng to the results of the pumping
test, the groundwater level does not recover without .purnp_in'g... Therefore it is .
recommended that the groundwater level be monitored and ‘the pumping rate be
controlled, or alternatively an artificial recharge system will be considered.



10. CONCLUSIONS AND RECOMMENDATIONS

“The Study Area is underlain by well consolidated basaltic and sedimentary rock
masses of the Tertiary in which the fractured section forms the essential aquifer.

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

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

. The three schemes, the Vutuni Creek, the Vat'uyaké, and the Rabulu, have
positive EIRRs and the annual economic _beneﬁ'ts exceed the annual O&M costs in each
during the period of the project life, though FIRRs in them are negative.

thwithstanding the relatively low economic and financial retums it is recognized
that water supply development is one of the important basic needs for insuring
subsistence in the Study Area, especially in the areas faced with water shortage
problem. It has been confirmed that a safe and stable water supply will contribute to
preserving public health and hygiene and promoting sustainable economic growth. Itis
recommended that the proposed priority water supply development scheme be

implemented urgently, following the completion of the Study.

However, i_t is evident that the groundwater resource are unable to fulfill all of the

- future water demand in the whole Study Area. it is also recommended to develop

surface water source available in major rivers, in addition to the groundwater
development. '

There are three possible sites for constructing a dam/weir to take water at the
upstream of Toge in the Ba river. The water resource study on the Ba river basin be

~conducted for the regional development in terms of water supply for domestic,

iljdu'stn'al,' tourism, agricuttural uses, etc., to cover the Northwest Vitt Levu including
the Ba area.

_Proper g’rou'ndwater management for proposed schemes should be carried out for

_- - sustainable grou'ndwater-use,in order to pre'vent serious groundwater mining and
- deterioration of water quality. In addition to, artificial recharge study will be required
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before implementation of Rabulu Scheme, because the proposed well (GW254) is
located at near coast lower elevation and water recovery was S not normal when pumping
test was executed.. .
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