3-3 -Groﬁndﬁater Development Plans

1) Present conditions and probléms on groundwater intake

(1)

(2)

Methods to obtain domestic water in the project areas

The project areas are not served by a central water supply

system, and people obtain water for domestic uses by the

f@llowiﬁg means.

" To obtain groundwater from hand-dug wells with the

depth 15 m or less.

To obtain good quality water from creaks at some remote

.ppints:from villages.

To collect rain water by toof catchment Systems

‘Problems of currently used water sources

The water sources liStéd above Have at present same problems

as iisted below, and lmproved means are desirable for more

stable supply.

a.

Shallow aquifers, surface water and rain water are all

diféttly affected by rainfalls. In'particular, shallow

wells often dry -up during dry seasons.

As development proceeds toward hinterlands, small rivers

tend ‘to be exposed to pollution. Also these rivers

-become muddy, and often unfit for use in cases of heavy

rainfalls. -

Shallow wells near the shoreline face salt water intrusion

problemé dﬁring dry seasons.
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(3)

Urgent. countermeasures

When 1t bécdﬁés.diffiéult tdjﬁake wafér from hand-dug wells

or fqof¥caﬁchmént gystems during a dry year or a dry season,
peﬁie receive emetgencyisupﬁly of1Qater by wéter tanks from
Labasa water Wofké. - In_fhé'Vunika area, a:simpie storage
tank made_of stee1fpane1s is set up on a road near the village,

considering negativé effects of salt water.

‘These supply measures for emergeéncy cases are primarily for

areas ardund'Labasa, and in the case of extended drought,

many communities suffer from inconvenience.

2) Rural water works dev elopment plans 1n the Vanua Leve island

(1)

Procedure for‘déveImeent planning

The rural water WOrijdéﬁelopmént_plans are undér_way based

on each community and groundwater as sources, in view of the

-ﬂfacés thét“cbmmuﬁitiesLare widely dispersed and that the

1oca1 ground water can he usad as relat1Ve1y stable supply

SOUI‘CES .

The Public Works Depéftment (PWD).isguﬁdertaking local'water

works improvement in cooperation with Mlneral Reserves Depart—

ment (MRD). More spec1f1cally Water and Sewerge section of PWD

and Mapplng and Hydrogeology section of MRD are in charge.

.'Aftef project aréas for:rufal water works improvement are
' selécted PWD entrusts MRD with construction of production
' well for, 1ntak1ng groundwater. MRD in their turn deterniines
. 51tes for eyploratory wells " after existing data on local

__hydrogeology at the - areas_are anélyzed, field survey is

cohducted:baséfdn'it'and the results are comprehensively

évéluated'as'to areas of ligh potential for groundwater,

" existing comunities, accesses and other factors. If

eXplbrat@ry wells ‘are found feasible in terme of both quantity
and qualify of water, they will be completed for production
well and delivered to PWD.
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1f it is judged that the well diameter needs to be enlarged

necessary works will be done delivery. .

After the completion of production wells, PWD defermines
the service area correspdnding to the total water quantity
available and draft a facility plan te be allowed by

construction.

The procedure for the rural water works development planning

is illueteeted by the following figure.

<Rdral Water- Supply Development>

- MRD, Mapping &
Hydrogeology

PWD,Design & Administration -
Water and Sewerage '

i
|
1
I
T . |
(O Departmental warrant for |
‘groundwvater development |
I
_ |
@ Planning & Construction | C)Implementation of
of Water supply facilities ws——t— investigation, Test

boring and Well develop-

i
|
| ment

& Transfer
]

(2)  Potential sites for development.

_'TO'impreve liVihg conditions by securing more stable and
reliable water sources in the Vanua Levu Island, Ministry
of Works instructed to investigate methods for utilizing
surface water. - Unfortunately the results of the investigation
indicate that'iﬁ will induce a large.amount of investment,
 since water sources of good quality are located at remote
places from areas of uses, also, to 1ntake water near the demand
' areas require expensive water treatment facilities such as
sedimentatlon, flltratlon and others.
Therefore, PWD entrusted MRD with making a list of hlgh priority
areas for rural water works improvement and also with investi-

gations for feasibility of groundwater development.
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'.The inveetigation wasfearried out by A, Rahiman and A.S,

P. Green who visited Vanua Levu between the 17th and 27th of
0ctobéf;_1979; The resuits were reported in “"Preliminary
Investigation of the Groundwater Resources around Labasa,

Seaqaqa and Vunlvau in Boaa".

This;ﬁeport desighates_as.priorityuarees the settlements of
: Vuﬁicﬂichi; Vunimoli; Waidamudamu and_Nabekevu.located in
sugar-cene farm areas adjacent to the southern part  of the
'Labasa water works serving district, eouth of the town of.
Labasa, the settlement of Vunika east of Labdsa, the settle-
_ment,of;Seaqaqa located in a large-s cale sugar cane farm
develbpment'area aboutiBO km west of Labasa, ‘and the Vunivau
'.Bua area ‘at the western end of the Vanua Levu island.
The 1ep0rt descrlbes results of 1nvest1gat10ﬁ for the ground—
‘water resources in- each_area and concludes that there exist
a good poeeibility-fof groundwater Teserves in these areas.
The report also speclfies .potential sites for water intake
”and reservojrs for: all. the areas except Seagaqa. These

~areas for’ possible water works development are listed below.

__Vunicuicui .Settlement.
-Vunika
:Vuﬁiﬁdliﬁ
‘Waldamudemu
;Nabekavu _
- Vunlygp Bua

- Seaqaqa -

Note: No mention is made in the 1980 report of specific

' plens‘fbr village_water works projects.
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(3)

Methods of groundwater'deﬁelopment by MRD

‘Persons at MRD in charge of groundwater development make

inference on fractured zones around faults and weak zones

created by foldings, using air photos and topography maps
dn additlon to geological maps of the areas in 1 to 50,000
“gcale and other references A field survey is conducred
after these works. = Faults and foldings are confirmed by

.observations of geological structure, topographic characterisu

tics, vegetatlon and exposed water crops and judgement on the

~ existence of weak zones. ©On the other hand, population

‘ distrlbution, other soc1al condition including ex1sting road

networks, and-water ‘quality of existing wells are 1nvest1gated.
The final decision of the site of exploratory boring is done
on the basis of hydrogeologicaI‘COnditions, water supply con-

ditions and water quality conditions.

1The ¢cased hole method has been adopted for exploratory boring.

This is =a method by whlch the barry proeeeds with insertion
of a c351ng materlel Lo prevent collapslng of geologlcal
strata. After borlng is completed promlslng locatdon of
agquifer is supposed by the data of drilling log and a
pOSlthn for a tentative strainer is determlned At this

time, results of. minar pumping tests conducted w1th bailers

_'durlng the drllling operatlon are of course used, too.

After settlng up the temporary casing with a strainer 1n31de
the casing,the exterlor pipe is pulled out to predetermined
position _ Then the well is completed by air-lift and pumping
tests and water quallty ‘analyses are made. 1If the results

turn out to be favorable, the exterior casing is pulled out,

. and the space between the bare outer wall and the interior

| . casing 1is fllled with gravels from.a predetermined depth

up- to- the surface and  the part about the ground. surface is

'fllled with cement. Finally the well casing is covered up.

If-the test results are unfavorable, the casing is completely

pulled up, and the drilled hole is filled up.
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¢ Office Work > Baslc Survey :

To estimate the high potential zone
from data of ropographlcal maps,
geological maps, air photographical

maps

< Field Work?' Explore the Study Area :

To find the evidence of the Fracture zone or
folding zone, fault zone, etc.
and to confirm the shape of
topography, the geology,.the
vegetation, the distribution of
houses and roaas, the condition

of existing wells

'Driilhthe test hole

‘{Pumping test

Chemical analysis

Res;::;\\\\\

rSufficiént wvater quantity,
Drinkable water quality

Poor water quantity
Abnormal water quality

(HO). end

(yes)

Construct the production well
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With: the method outlined above; production wells ave completed.

The steps of the method are illustrated above.

Thefe_is no ‘absolute standard for the amount of water required

for each well to be:satisfactory as a supply source. It is

. only judged by whether the well can serve the population of

a particular project area..

Fiji does not have its own water quality standards, but follows

the WHO standards; However, in the case of rural water works,

‘that are to be operated and maintained by local inhabitants

~* themselves, usually only- those wells that yield water of such

)

a good quality that it can be served without any specifical
treatment or even without chlerination are considered suitrable

for practical use,

Progress of groundwater development

‘a, 'Ex1st1ng deep wells

'There are fourteen existing deep wells on the Vanua levu
1sland (Refer to Figure 7-5 and Table 2- 3) The .first one
:.was sunk in 1970. A main purpose of well development during
' 1970 - 1972 was to perform exploratory bor;ng and to
'eonsfruct supplementary sources for the TLabasa water
work. ThoSe‘welis with higﬁ_epecifc'yield, ae estimated
by exploratory boringg_wefé;used as water sources for
.schools, eetﬁlements'and others with installation of
.pumps (Eﬁamples are welle.with No. S 7, 8, 9 and 10).
These wells, however, were neglected after the pumps failed
e'except the No. 10 well whleh_is still in use. No. 10 well
was_dug in 1972 and equiped with a hand pump, This well
aleo=ﬁed been neglected_foliowing a break-down of the
ﬁump_entil_l978, when a new headmaster of the school
' determinea to revitalize iﬁ. This well 1s currently
: sopoly 2600'ge11ons oer day of water while the school
ie'in session.  This well is the best of all the well
tdeveIOped in the Vanua Levu island by MRD and considered
'”'capeble of Supblying the_water required by.the Vunicuicui

-settlement ell by itself, according to the 1980 report
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by A Green and A Raliman. Carr {1974) estimated that

5,600 gallon the water can be pumped up at the rate

per hour.,

The No., 6 well was abandoned and buried as s results

" of performance in'pdmping tests, Other wells

nunbered l,.2‘3 and 4 are collapsed and not used at

present.

,The groundwater development reinitiated in 1980 is ran

under way at the sites of potential sources within the
project.areas as planned in the groundwater development
report 6n'rufa1'water_WOrks improveﬁent projects mentioned
in sﬁﬁsection 3-3-2)-(2). As of.today, four wells

have been completed in the Vunivau Bua area, and drilling
is going on in the Seaqaqa area, The No.13 well in Vunivau
Budréan not be used due to inflow'into the casing of cement

during the finishing stage of_tﬁe well.

Number of deep wells expected to be developed

Number of wells to be &eveloped in the Seaqaga area has

not been determiﬁed, but for other areas the following

‘has been planned.

Number of wells.éxpected to be developed

Vunicuicui 3 wells

Waidamudamu, Vunimoli 2 wells

Nabekavu _ 3 wells
Vunika ' 2 wells
Seaqgaqa ' not specified

* Sdurce: A Green and A, Rahiman (1980)
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Table 3-1 Water Quality Data for Deep Well

Vﬁnivau Bua ) Vanivau Bua Vunimoli~ | Vunicuicul| Makama
Vunicuicui VAN 6/7 — . - o S e : Village VAN 6/7
_ : CDH/W/80/22 CDH/W/BO/23 BE/W/B0/ 24 cpi/w/8n | cowfu/so
. "1 S : — s : — 123 < 1Az -
WHD (27/3/72) (18/4/72) | (19/4772) | (39/10/79) | ( 1/5/80) (22/5/80)| (7/7/80) (8/7/80) (9/8/80) (2/9/80) —- - Surface : Hot Spring
Wail after . after : before after (16/10/80% 1 (16/10/80) | Wacter {17/10/80) | (18/10/80)
Water qualicty R ’
requirement depth 4 hr. 20 hr. B i ) pump ] second before (17/10/80)
~ 175 fr. pumping pumping ] closed development casing
*‘—‘i - - - —— - ] —_—
Ca  {p.p.m) - 75 (200} i 20 20 14 5.5 5.2 : 5,9 5.5 5 2z 154
T - - - - - : T -
Mg {p.p.m 50 {150 2 - _ 4 0.25 0.73 0.88 : : 0.84 . 1.3 . 2.9 8.4 0.01
: SO S U SO I L -
Na (p.p.m) .- 5 13 14 10 9.8 ‘ 9.1 _ ' ' 12 8 6 D16 175
- 1 — T - ) - i :
K {p:p.m} N <1 1 - 1 1.5 1.7 1.5 - : ‘ 2.4 0.7 . 0.8 1.8 4.2
Mo (p.p.m) 0.1 (0.5) - <0.01 <00 <(.01 <0.02 <0.02 <0.02 0,04 <0.08 0.54 0.38 <0.02 0.66 . <0.02° .02 <0.02
Fe {(p.p.m) - 0.3 (1,0) 0.07 <0.02 <0.02 <0.3 0.04 0.8 0.4 0.24 22 T <p. 02 B.7 <0.02 <0.02 <0.02
HCO3(p.p.m) - _ 10 88 107 | 8 .40 L 68 . 1 L 54 146 15
€03 (p.p.my ] ‘7 - . : . S . . O ] uil nil nil - nil 5.6
_mggﬁﬂql(P.pzm} 200 (400) . 2 Q 1] 3 <2 ._2.7 .' o 1 <.2 < 2 < 2 ﬁ 5 504
ce (p.p.m 200 _(400) .9 < 8 B 6.3 L 3.6 6.3 4.9 4.9 5.4 L 74 h.b &.9 4.9 6.9 7.4
. i ‘”‘1 T 7 - - — ]
803 (p.p.m) 40 ( 80) ' 1 S 0.06 : _ . - -~ mil | ail nil 0.54 |
as CaCo?3 _ T ™ T . : _ :
Total Hardness(p.p.m) 100 (500) 11 66 66 36 17 17 _ 18 19 14 83 385
Total Solids (p.p.m) - 49 124 164 118 103 8 _ : : - - 120, 50 72 172 1,010
Gonductivi ry(micromho/cm) - 175 L £ (592 (98) (258) (1,250y
— 70 - 8.5 o : T , . ~{e.8)* {6.4)% {8.0)% (7. 1% (B.4y%
pH ’ (6.5 - 9.2) 5.5 7.0 7.0 6.25 7.10 7.2 6.55 7.5 7.2 8,35

% .
() analyzed direckly at sampling site.
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Quantity and quality of water td_be pumped up

C It has been confirmed from the results of pumping

_rests for existlng wel]s for eleven wells except

No. 6, 7 and 13 wells, water can be pumped up at the

fate of'lOOItQ 600 ﬁ3:per day, with draw-down of
groqqd@qter leve1 being_5it§'17 .,

ihé wells of No. 6, 7 and 13.are.considered unfit for
practipal-usés, since.the'watér'level dropé to the bottom

of each‘wéll during pumping,

As seen from rhe results in Table 3-1 of water quality
'analysis, hlgh concentratlon of iron is obselved in

_the water from No. 13 and 14 wells. The values ave

12 - lé'ppm for the No. 13 well and 8.7 ppm for No. 14,

(5) Problems associated with grbuﬁdwater develdpment

Lack of drilling equipments

MRD presently owns seven drilling rigs as listed in

Table 3-2.  Four of these are Churn Drill Or:UniVersal

type and capable of drilling prodﬁcgion wells. Others
‘are used only for exploration of mineralized zones.
0f all'fhexdrilliﬁg rigs for groundwéter development

_one is being checked up, and two rigs are devoted to the

rural water works imprevement projects in Vanua Levu.

Table 3-2 Drilling Rigs in Operation

Moo Type - Hanhinés_ (;apéc_ity _Dian;ér.er Got- Tear Remarks -
1 NBourae” - |0 soet ) 6mam 0" 1978 | avaflable for.
. . - . constructing of
- productive well
Churn . . . : ] .
2 Deilis Hydzomaster 4007 [ 1968 ditto
3 E o Hydromsster I,ISOO' &8 197G dirta {under
) ) . : : ovar tola)
" | Auger _ 225' Y
4 Universal | Auger . " 100 8" 1972 ditto
) Down hole . n .
. hatimer 3o 6
5 1wk '1,5007 3° 1065
plamond - f v v -
& briils ¥52a I,SOQ 3 1968
7 Fortable | 1,500° 2"
Minor
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L.abo r

well in Vunivau Bua took 41 day from April 24,

efficiency of well deﬁelopment in Vanua Levu is
indicated by Table 3-3. As shown in the Table, No. 11

through

June 4, 1980 for completion with the finished well

diameter of 150mm and the depth of 46 34m; the efficiency

corresponding to 1.13m per day.

S;milarly, the efficiency for No. 12 well is 1.43m/ day,

1.24 m/day. and 1.04m/day'rESpective1y for No.

Ho.

14 wells.

Table 3-3 Labor efficiency of well completion

13 and

Finished

Well

Constructién Coﬁstrﬁction : Days Labor

No. stand on finished on Well diametcer| depth | required | efficiency
. o ¢ mm - D m Day m/Day

11 80.4.24 80.6. 4 150 46.34- 41 1.13

12 '80.6. 9 - 80.,7.10 150 45.73° 32 C1.43

13 - 80.7.16 80.9. 3 150 60.98 49 1.24

14 80.9.11 80.10.30 150 51.83 50 1.04

Number of deep wells to be;develdped for use as water

supply sources on the Vanua Levu island in the future

will amount to 20 to 30 in total including the ten wells

for which their sites have been already determined and

others in the Seaqaga area and villages.

SupPOSe 20 wells will be devéldped hereafter then almost

two years will be required if ome drilling rig is to be

used.

Addition of another drilling rig is desirable

for more prompt implementation of the rual water works

improvement prOJects to procure sufficient quantity of

water .
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Lack of . technical expefts

It is recommended that expertv who can take charge

of facility planning for water supply gystems and
'speciallsts on hydrogeology who can seléct poLentlal
~gites for water sources be EdUCated and trained as well

as techn;cal experts who can Qperate boring equlpments
.;Neceeeity'to investigate techniques for well development

Areas under,grouodwater development_at'present_ere situated
at the foot of volcances, and no geophysical exploration

such as electric prospecting has been undertaken,

‘Reasons for . this include.cﬁe'folldwing. First quantity
of.water.expected is not large; second resistivity data
obtained by electrical prospectlng can.not be eagily
compared with geology of corresponding areas due to lack
. of ‘data on geologlcal columnar section.  In the future,
- considerable well 1ogglng ‘data can be collected from
.exploratlng {or production) wella being. developed by the
rural water Supply development prOJects.'
'These data (geologlcal columnar section) can be compared
with values of fesistivity to determine eventually the
feeistivity specific to'each'geologiCa'stfucture of the
Vanua Leﬁu islend. .This,information'iﬁ turn will serve

for'detefminiﬁg_ooteﬁtial'sites'for groundwater résources.

Well drllllng proceeds with pushlng in a protectlve tube
against collap51ng, and-after a strainer is set up

inside the protective casing, the tube is pulled out and
fgravelslate f;lled into the space. The location of the
strainer is determined based on records on boring taken

on the site and boring logs, but"no_wéll-logging - typically
eLectriC_proépeetiﬁg - has been undertaken. Well logging

- would eoable to meke more.objectivé'judgements on location
of good'aquifers without being_affected by arbitrary

judgements.
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When the groundwater in fractured zones of rocks

(what is called fissure water) is jnvevtigated caliper
measurements method are su1Lable, which is based on the
fact that tbe diameter of drilled hole is enlarged when
the_hole_reaches the fractured zones. To identify
_unsolidified:coafse sand or clay layers such as clastic
rocké’inféedimentary layer, electric logglng which

is based on the difference in 1eﬂ15tiv1ty is effectlve,
| and the self-potential (SP) method'and electric conduc~
'tivity'logging_éah be‘used to catch salt intrusion
_in coastal afeas; or temﬁerature lOgging are useful

‘for identifyiﬁg hot springs and other phenomena.

Thus:by usiﬁé'these me thods, the most favorable positions
- of aquifer_iﬁ thé dfilling site can be idéntified, and
casiﬂg programs-caﬁ be formulated in such a way to set
up strainers in the best posltlons and finish the wells

in a most effectlve way.

_Stfainers-used for wells in Vunivau Bua are polyvinyl
_chlbridé pipes of 15OMm{diameter processed for slits,
but this type is'ﬁnfavoréble in terms of strength and
drainage efficiency'due to uneven opening and opening
“tatios. Strainer processing should Be standardized
' hereatter.
'For pumping tests, a1r~11ft pumps presently used for well
development are dlverted to conducL successive and re-—
.covery tests. Thls type of pumps is not easily adoptable
.to changiﬁgipumplng rates and thus makes it difficult
“to find out the most economical pumﬁiﬁg rate of wells.
It.is desirable therefore that submersible pumps with
EIeétriQ‘generétor be'prbvided to.parry out pumping
tests, and fesults of stepwise pumping should be used
to make Judgementa on the capaclty of a partlcular well
and to determlne the most approprlate pumplng rate
to be used thereafter. Use of the appropriate pumping

rate would make it possible to utilize the well for a
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3

long period of time by preventing drawdown of groundwater

level coused by increasing well losses due to clogging.

"Methqu.adqpted at present for groundwater development
ate'geﬁerally appropriate, but they can be further
improved if more data arve accumulated. For this
purposey.it is not sﬁfficieht to dig wells but every
effort should be made to organize data obtained during
well drilling and those aata should be compared with
results of‘electrié logging and pumping tests

- to be introduced in the future in order to fully
understand the;hfdrogaologicél conditions of
cach geological section in all areas. This will

“'facilitiate the groundwater devéldpﬁent, and if, in
addition, a_monitoring system 1is introduces, management

- of aqﬁifefé will become possible to pfevent various

proﬁiems which may accompany the groundwater development.

Hydrogeology of the project areas

Potential ‘sites for water sources have been detérmined by

the method described in subsection 2«3—2). Drilling has been
completed in  Vunivau Bua area with sufficient quantity of

water yield.

In-tﬁis subsection, hydrog?blogical conditions of the-potential

sites for water sources. primarily in settlements including

' Vunivau Bua are summarized based on available reference

materials and data on deep wells.
The project areas are grouped as follows according to

geological classification.

Natewa Group & - Vunicuicui,Vunimoli,Waidamudamu
Nabekavu, Seaqaqa(settlements)
Namoli,Korowiri;Vunimoli (villages)

Valebasoga (school)
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Undu Group @ Vunika (settlemént)

Matai Labasa, Vuo (villages)
Thonggeloa (school)

Moua Group : ~ Vunivau Bua (settlemeunt)

Lekutu Junior, LekupgrBhatﬁiggj(schools)

% Underlined settlement and schools already

have deep wells.

Hydrogeological conditioms of each area are described below

(1) Water'sources'for settlements

a.

Vunlcu1cu1

lhe pr1nc1pal geological structure constltutlng

this area is Wailebu Formation of Natewa Group,

and .its surface is covéred ﬁith alluvial layers.
Shallow hand—dug”wells are set up in these alluvia,
0of these wells, those wiéh four to five meter depth
in the upstream of Vunavuna creek are supericr and
not affected by meteorological conditions.

The thickness of tﬁe:alluviél.léyers_is considered
less than 10 meters, Wailebu Tormation under these
layers presumably consists prlmarlly mud stones,
sand stones, greywackes and grits, and aqulfers may
exist in coarse unsolidified layes of grits, sand

stones and greywackes._

There exists a deep well developed in March 1972 in

the site of Vunicuicui India Prlmary school in

the Vunicidcui area. Specific data durlng pumping

tasts are as follows (refer to Table 2-3).
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Depth _ E 57,91lm

Length of Strainer 19, 20m
Matural water level 3.00m

Putiped water level 7.88m
Pumping rate 363.6 m3/ day
Specific capacity 74.47 m3/day/m
Transmissivity 94,2 mzfday

Oﬁly the.up?er Pdrtion is provided with casing and
thé lower part is left as a-bare hole,

A ﬁahﬁ.pump'wés inétalled after driliing, but the
well hga'beén neglected until 1978 after the pump

b;éke dqwn. A new headmaster of the school

'instailéd a small pump to provide 2,000 gallons

water to be used at schoql every day dﬁring school
terms; Carr (1974) estimgtéd that water can be
pumbéd_up at the_raté'ﬁﬁ_t6”5,600 gallons pér hour.
A Green and A Eahiméus(1980) condﬁcted that this
well fs capable of providing water for the entire

settlment of Vunicuicui,

In accordance with the above, A, Green and A Rahiman,

41 their report (1980);-rec6mméndéd three wells

as water sources, but 1if a new well is drililed

‘near the existing well at Vunicuicui India Primary

" school, this will enable.toipump up 200 to 300 w3

water per day.
Vunimoli, Waidamudamu

The Vunimoli area has the same geological structure

‘as the Vunicuicui area,

Waidaﬁﬁdému lacks alluvial layers and Wailebu

Fotmatioﬁ_of Natewa Groub, the principal geological

“structure of the Vunicuicui and Vunimoli areas, is
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“exposed on the surface., This implies that about

. 3 :

200 to 300 m” water .can be expected per day from
single well, A Green and A Rahiman (1980)
specified two locations for water sources

considering distribution of communities.

Nébekavu-

The Nabekavu afeaialso consists of Wailebu
Formation, and three sites have been selected by
a Green and A Rahiman (1980) as ﬁotential water
Source_s'. . . : .

Of thése, one ldcated:neﬁr'the Labasa Airfield
is geologically slightly different from tﬁose
deScribéd before, being primarily covered with
sedimentation éf re—ﬁofked_andestic breccia with
possible aquifers in coarse unsolidified or
fraétured zdnes e#isting in its rock matrices.
Within thiS:Same geological strata, two deep
wells corresponding to No. 4 Nakama and No. 2
Nanduna Sabenagai_in Table 2-3 have already been
develdped._ Thé Nakama well was dunk to 64.62m
depth and the natural water level at 5.18m (b.g.1)
and a pumping rate at 180.1 m3/day have been

recorded. The well, however, underwent

'collapsing after pumping tests and is not in use

at present. It is judged that water can be
taken from this geological strata at about
100 m3/day. '

Vunika

This is the area consisting of Malau Breccias of

Undu Group.. Malau Breceias consist of pumiceous

epiclastic breccias containing acid and intermediate
clasts. _
They are found in -the form of massive rocks

dipped in some place toward north.
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Shallow and dug wells in the Vunika area
'face'proﬁlems of salt water intrusion and

water exhaustion during dry seasons..

Therefore'és water sources, these areas should
'Be selected,,whiéh are situated a far from

fhe coastline as possible'amd have high potential
‘for groundwéter recharge with wide watershed
arvea. - A Green and A Rahima (1980) selected

areas of the foot of mountains in the south-east
of Vunika, Fissure water is possibley found

in this area within boundary zones between
massive breccia and other rocks. These zones
deserves explérétory boring, although lérge'yield
can not be éxpected Within the geoclogical
structure c1a831f1ed in Malau Breeccias of

Undu GrouP, a deep well correSpondlng to No. 13

_ Nanglng in Table 2-3 was drilled in 1970 with

the Lollow1ng specifications,

Depth | 85. 34m

Length of strainer ' 36.58m

Natural water level 2.14m

Pumped water level . 10.64m

=Pump:mg rate 222.2 m3/ day

Spec1flc capacity 26.09 m3/day/m
; Transmlss1v1ty - 11,52 w?/day

No. 9 well at Coqeloa In Nasavu Dacite of Undu
.Group was also developed in 1972 and recorded
the pumping rate of 109 ™ /day.

These data an existlng wells indicate a pumping
rate of almost 100'm3/day for .each well is

quité feasible, However, watershed area around
the potential site for groundwater develbpment
is approximately 3 km? and extensive recharge

can not be expected., Therefore pumping tests
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shoud be cafefullf carried out after well
drilling to determine thé ‘most appropriate
pumpiﬁg rate to'prevent over extraction.

One criteri6n to determine pumping rates is
that drawdown dufihg'pumping should not exceed
the see level. If the toﬁaquuantity of water
sccured by tﬁeee schemes of groundwater
de#elopmeht is found short of requirements for

the whole Vunika-area, extension of the Labasa

water works should be considered.

'Seaqaqa'

The Seaqaqa area is consrltuted by Natua Forma-

_tlon of Natewa Group. ‘“This formation’ consists

of sedimentary rocks ‘nade of teworked tuff and
lapilliStbnes lithified oozes, basic andesite

lava flows, pillow lavas, 51113.

'A deep well is deve]oped as of September, 1980

in the area wlth the same geologlcal structutre,

Judgihg-based on geological conditions, zones

~with high potential for aquifers'are_ fissure

Zone in lava streams or in CD?taCtS between
dlfferent geologlcal strata such as sedlmentary

rocks and lava streams.

Existence of a large recharging area due to wide

watershed area is another important consideration

in selecting gites for groundwater development.

Development of ‘sugar cane farms is now under
way in thlS area, but as for groundwater develop-
ment, even the number of wells required has not

been determined although two sites have been

. selected as potential water sources.
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(2)

Vuriivau Bua

Tﬁis'aréa consist of Mbua Basalts of‘Mbua'Group
and is made of olivine basalt and subordinate
brece1a Drilling at deep well has beem

completed ar potential sites for water sources.

”:These wells correspond to No. 11, 12, 13 and 14 4in
. Table 2~3 with confirmed pumping rates of 608,375,

181 and 438 m3/day, respectively. Typical well
structures are vepresented by wells Mo. 11 and 12

as illustrated in Figure 3-2 and Figure 3-3,

The “hydrogeological conditions of each_settlement

" areas are summarized in Table 3-4. Potential sites

" for deep wells in each area are shown in geological

- maps:(Figures 3~4-a,~b,-c,~d and -e).

 Water sources for villages

" The prpject areas for villages were;eelected by

the suivey:conducted this time, -~Houséholds are more

concentrated in villages than In settlements.

Therefore a 31ngle water source needs to be located

far each v1llage.

Vunimoli, Korowiri

Thié area ie constituted with Wailebu Formation
of Natewa Group and 100 to 300 mj/day water

is expected per well.

. Korowiri

This area is covered by Koroutari Andesites
of Natewa Group, comsisting of andesite lavas,
clastic rocks and reworked breccias.

Concentration of faults is expected in the area

' within_Kdrotini Breccias made of reworked

‘andeste breccia, and thus aquifers in fractured

zones are expected.
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Fig. 3-2 weil Structure
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Fig. 3-3 Geological Columnar Section aﬁd Well Structure

No: 12 CDH/W/80/23
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Table 3-4

Summary of lydrogeological Conditions in Each Settlement Area

Area

Geological Structure

Principal Aquifers

Existing beep Wells

Reference

Vunicuicui, Vunimoli

Wailebu Formation of Natewa Group
is covered with alluvial: layers
on the surface. Thickness of

~alluvia is estimared from data

on to be less than 10 m,

Waidamudamu

Wailebu Fdrmatidp with no cover
of alluvia.

Wailebu Formation is sedimentary’
gtratum consisting of rich mud
stones, sand stones, greywackes
and grits. Principal aquifers
exist ‘in coarse unsolidified
zones of sand stomes, greywackes,
grits and etc.

-Tﬁe-well {No.10 in Table 2-3)

used for Indian School in the
Vunicuicul area was sank into
57.91 m depth and was excellent
record on a pumping rates of

363.6 m3/day and specific capacity
of 74.47 w3/day/m during pumping
tests. 1t is presently used

for the school and other purposes.
Carr (1974) estimated that water
can be extracted at the rate

2,600 gallons per hour.

Figure 3-d-a, -b,

Nabekavu

Wailebu Formation

The potential development sites
No.2 and No.3 has geologlcal
structure remarked. above.

The No. 1 gite primarily consists
of andesitlc epiclastle breccias
in Wailebu Formation. Coarse
unsolidified zones and

fractured zones in rock

matrices constitute

potential aquifers.

No well has been developed at No.
2 and 3 sites. No. 1 site is =
expected to take advantage of hot
springs from fractured zones

near the site. " No. 4 Nakama and
No. 2 Nanduna Savenakai in Table
2~3 represent wells in the same
geological formation as the No. 1
site. At No.4 site, pumping rate
of 180 m3/day was recorded. These
wells, however, have been neglect—
ed for about 10 vears.and collaps~
ed as a result.

Figure 3-4-a; ~b

Vunika

Malau Breccias of Undu Group -

- dary breccias of pumice and

~cal strata.

Malau Breccias are acidic secon-

clastic rocks. These rocks are
massive but in same paces dip
toward northern direction.
Aquifers are expected in border-
ing zones with fault: between
massive ' rocks and other geolog1~

No.3 Nangingl and No.9 Thonggelda

wells in Table 2-3 exist in Undu

Group, with pumping rate of

222 and 109 m3/day, respectively,

No. 3 well is considered to be in

the same geological formation as a
new development site selected

this time,

Figure 3-4-¢

Seaqaqa

Natwa Formation of Natewa Group.

‘aquifers are in contact zones

Natwa'Formatioﬁ Sedimentary'
rocks consisting of secondary
sedimentary tuffs, volcanic
conglomerates, mud stones and
basic lava flows of dacite
columpar and intruding rock
bodies. Possibilities for

between sedimehtary rocks and
lava flows as well as joints:
in lava flows. :

As of September , drilling is
under way.

Figure 3-4-d,-e

Vunivau Bua

Mbua Basalts_of Mbua Group

Mbua Basalts consist of
olivine basalts and their breccias.
Principal aquifers are j01nts in
basalty and unfolidified strata

between lavas.

| At potential sites No.11,12,13 and

14, drilling and pumping tests
were completed with pumping rate
of 508, 375, 181, 428 m3/day
respectively.
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Upper Pliccene

Mlocene and Pliocene

Malau Breccias @
Korotini Brecclas
Waileve Formation
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'Fig.-3“4;c, Proposed  Sites for Dée

Alluvium : Clay,
- Matailambasa Hova
) passing lateral
Korovatu Andesite
"Malau Breccias :
Korotini Breccias

Recent
TPost Upner '
Pliocene -
‘Upper Pliocene
L I ) R

Miocene and
Pliocene
1’

p Wells (Vunika)

" Scale — 1:50,000

sand, mud _

culites ¢ Fine-grained silliseous rocks
ly into grits ' : :

8 : Sheets and dykes in Malau Breccias
Pumiceous acld epiclastic Breccias

] Wailevu Formation
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Fig._3w4~d ~ Proposed  Sites for Deep Wells (Vuﬁivau Bua)
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(3)

C.

Matail Labasa, Vuo

These arecas consist of Malau Breccias of Undu
Group. . In the area around Matai Labasa the
No. 3 well existing at Nangingi serve as

reference data on given in Table 2-3.

Specific data during pumping tests given in

subéection 3+3-3)=(1)~-d shown the pumping rate
at 222.2 m3/day and the specific capacity of 26.09
m3/day/m! Judged based on these, water is

expected tolbe extracted at the rate 200 m3/day

. for each well in Matai Labasa.

The Vuo area is alomg the shoreline just like

Vunika possibilities, aquifers in fissure
zone of basement tocks or comtacts of different

geological strata are expected. When aquifers

~are found, a necessary condition for pumping

is that drawdown of groundwater level does not
exceed the sea level to prevent salt water

intrusion

Schools

Four schools were selected, deep wells exist in three

schools, and one school has no well.

.

Valebasbgé

The school is located in the area where Wailebu
Formation at Natewa Group contacts Malau Breccias
of Undu Group. Specification at the existing well

is as follows.

Depth _ 56.1m

Length of strainer unknown
Natural water level  0O.4m

Pumped water level depletion
Pumping rate 80.81 m3/day
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Specific capaclty —  unknown

Transmissivity = unknown

The well water was dried up when'puﬁping test
proceeded at the pumping rate of 80.81 m3/day.

It haé not been used after failure of the

‘pump 1nstalled To determine whether this well

can serve for water uses at the school, stepwise

pumping tests should be cdrrled out by using

‘a submelsible pump. If the mogt appropriate

pumplng rate thus determlned satisfied the

requirements of the. school, it will be necessary
only to install a new pump. Otherwise a new well

has to provided.

Thonggeloa

The area is covered by Nasavu Dacites of Undu
Group, consisting df dacite and rhyolite lavas,
valeanic ashés and breccia. A deepIWelllin
Thonggéioa corresponds to the No. 9.we11 in

Table 2-3, specification is as follows. -

Depth | _ 45.73m

Strainér'leﬁgth unknown
Natrual water level 6.86m

PUﬁped water level 20.33m

Pumping rate . 109.2 m3/day
_ Specific capacity 8.11 m3/day/m
Transmissivity 9.72 mz/day
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. This well has also been neglected after the

“initially installed pump failure and is not

presently used. The similar pumping tests
described above for Valebasoga. 1s

necessary before it is used again,

Lekutu Junidr; Lekutu Bhatiya

" This area is covered by Lekuti Mudstones

of ‘Mbua Group consisted of mudstones and gravel

“strata. -A'déep well (No. 8 Korokandi in

Table 2—3T exists in Lekutu Bhartiya, but is

_not used due to failure of the pump initially

i installed: Spécific data at the time of pumping

tests are as_follows.1-

. Depth | 45.7m
“Strainer length o 39.23m
Natrﬁal water.ieﬁel ' ' 0;56m
Pumped water level-. | ©16.77m
Pumping rate 269.8 m3/day
‘Specific capacity ' 16.72 m>/day/m
HTransmissiviiy | ©11.33 mz/day

The pumping test described ‘above should be

" conducted before the well is used again.

' 'It is‘é§pected that water can be taken from a

. new_well-in:Lekutu Junior at the rate 100 to

200 m3/day.
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3.4, TFacility Planning

3-b-1. Factor of Design
1) Dééign criteria

' The'basic désign of the water supply facilities shall be in
accordance with the ﬁésign-Guideline adopted by PWD of the
Government .of Fiji asfinéludéd in the Appendicies hereto, with
neceéSafy modifiéatioﬁs; .The desigﬂ criteria which serve as
_the.baéis_for planning were determined as follows on the basis
of the'said Deéign Guidéiine and information obtained through

field sﬁrvey.

(1) ﬁﬁit water demand
For seftlements : 150 1/c/d (with some individual house
' 7'connéction5)
:For'settlements'and villages:

50'1/éfd (without individual house

" connections)
'(2)‘ Water source
Type of water source : Ground water (intake by deep well)
Casing program -t To be determined for each area

based on the geological data

.obtained.

Location of well : Each ﬁéll;as'a rulé,shallrbe
lbcatéd at a site indicated in the
following report of investigation
whiéh“was undertaken by MRD :

"A PRELIMINARY INVESTIGATION OF
THE GROUNDWATER RESOURCES AROUND
LABASA, SEAQAQA, AND VNIVAU IN

BUA" (By A. Green and A Rahiman)

(3) Intake facilities

For settlements : Vertical shaft turbine
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(4)

(5)

pump for deep well (driven by
diesgl_engihe) or mono type well

pump {driven by diesel engine)

For villagés_ : Foot operated well pump

Water conveyance and distribution piping system

The project,as a rule,shall use deep well water as the

‘water source, potable without purification or chlorination

by chlorine, and be.based upon the basic system concept of
intake—ﬁ-éoﬁve§anée~e-storagefa-distribution-éwService tap.
Water shall be directly conveyed by the well pump through
piﬁe,'tﬁé diéﬁéterséf-which shall be determined according

tofthé_déily.éﬁerating hours of the intake facilities.

. _Distributioh éhall be by the gravity flow, and the pipe

diametey is_détermined on the basis of the peak flow which

is ‘assumed to be 2.5 times the dailyjavéfage water demand,

The pipe,és a rule,shall be rigid PVC pipe which is locally

i produced.:

Water storage Facilities
a. 'Storage capaéity

Case 1 & 30 % of the dally average water demand

e

(in case where the well pump is Operatéd
moré than 20 hours a day énd the facilities
'afefplaced under thé control of PWD.)

"Case 2 - Equivalent to 16 hours of dally average

~r

water demand (in case where the well pump
is operated 8 hours a day and the facilities
are placed under the control of each

community.)

. Case 3 Tank with 2.5 m3 effective capacity (for

village supply)
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2)

.3)._

b. Type_bf watet stofage
Case 1 't Hume's tank {(for settlenientg)
Case 2 : Panel tank or corrugated sheet tank {(for
villages)
Served population

The_sefved ﬁdpulatibn shgll be as shown on Tables 3~5-a and -b,
which was estimated for 1990 based on the population statistics
as of 1976. As a rule, the proposed project shall deem

“the entife_popnlation within the project area as the population

to be sefved, but this may become difficult depending on the
piping system design, topography and other reasons. We are
thereforé making'the_special notation that houses to which water

suppiy,is,difficult under the proposed project shall be taken

care of by PWD in future.

Water. demand
The water demand is as shown on the same Table 3-5~a and -b on

the estimated population.

. The water demand for settlements was calculated on the basis of

: 50'1/capita/day as a rule, but for Vunicuicui where the ingtal~

lation of a water meter is scheduled in the near future and
also for Vunika, which 1s close to Labasa and abounds in develop-

nient potentialé with the_poésibilit? of having its water dis-

- tributed from thé Labaéa watérwo:ks or of developing its own

water sources, the water demand was calculated on the basis of

150 ‘1/capita/day.
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Gy« ”BesiC'Poiicy ot Groundwater Resources Development |

1)

Drilling rig

_ng typ1¢31-drilling'rige are the percuesion type and the rotary

type.

In the areas where rural water supply deve10pment.programs are

" being implemented the percussion Lype churn drills and the

rotary Lype unlversel machinev ‘are currently being used in

Q'construct1ng the production wells. The churn drill type Bourne

rig_began-to be ﬁsed'sinee 1978 and is capable of drilling holes

with 6,8 andilO ineh diameters to the maximum depth of 500 feet.
The_Universal type auger machines in capable of drilling_Both

6:inch diameter hole to the maximum depth of 225 feet and the

8 inch diameter hole to the makimum depth of 100 feet,

while the down hble'hammer:is capable of drilling 6 inch diawmeter

hole to_tﬁe.meximum depth of 300 feet, all being in use since

1972,

The churn. drill type drilling rig is suitable for drilling of

' eliuviUm and soft roeks. - Of the universal type drilling rigs,the

auger is suitable for drilling alluvium which does not contain

rolling stones and-such, while the down hole hammer is suitable

. for drilllng medlum to hard rocks

”However geologlcal condition of  the investigated areas has revealed

that the foundation is mainly composed,of_hard rocks like lava

flows and brecciasg or,of'elluvium containing'rolling stones, for
'which neither'tﬁe chure drill type nor the Universal type ‘auger
drlliiug rlg can’ ‘demonstrate’ very good drllllng efficiency. The

Universal type down hole hatmer is considered suitable for such

: geological condltione, but the diameter of 1ts bit seems some-—

what small for completlng a production well

':The suitable drilling methods for each type of lithology are listed

in tabular form (Table 3-6), and individualities are described as

. bellow.
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Table 3-6, Suitable Dyilling Methods hy Lithology

Cable Tool | - ~ Rotary Method
Method ,
_ ° _ Normal Circulation | Reverse Circulation
Lithology Mad At Hammer ]
collapsible soil ' o o x 0
Soft . o @ ' X ©
semi-hard A © 0 4
Hard . ) . x ] © X
@ Best suited = .0 Suited ' A Tolerable X Unsuited

(1) The ad{rantage of the cable. tool (percué_éion) nethod lies
i'nr its ldw'cost. It is s'uit.ab.le for drilling shallow soft
'ér.oun_d' where téé_rk water is'lhard to obtain, or.where lost
"_'circﬁl"ati‘on water loss and collapse frequently occur, It is
also used in céses where winch-is freqﬁently used, such as for

installing of pump or cleaning of old well.

';.Thié'r:netlh(:)d, hcw.evel.:,' ig gradually bé’ing abandoned because
_'of'.i.t.s”"boorﬁ'wo'rk' 'éf_f.i_-cienéy, uhsuitaﬁilit.}r for very hard
'to'c.:l_(s.and soft elasfi;c clay strétum and also because of its
éxtr.e.me_l_y poor efficiency c'ofnpa'red to the rotary percussion

type in drilling semi-hard récks.

(2) "thary 'drill.iﬁg m'eth'ods include the mud cireulation type,

the air hammer type and the reverse circulation type.

(3) The wmud circulation type rota‘ry_dril‘ling method is suitable
for almost all types of lithology, from soft to very

hard rock.
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'(4); The air Hammer_type is not suited to collapsible type of

. ground or soft and weak'ground. Howeﬁer, the alr percussion
typé_in partiéular can bE-expected to drill hard to very
hard vocks with 3°to 10 times the efficieﬁby of the mud
circqlatioﬁ type and from 10 to 20 times that of the cable
tdoi methodn. Since a large borehole diameter requires mucl
more alr, it is usually recommended that the relatively
soft section close to the ground surface bhe drilled with the

-~ mud circulation type, then when the hole becomes deeper aﬁd |
interseéts with'hard rocks, to wmake the hole diameter smaller
and driil with the air hammer type; As a result, the hydraulic
top hard driven type rotary rig whlch is suited to both of

hese methods is becomlng popular of Jate.

(5) Ihe revgfse circulation type is suitable for drilling lérge
' borehole diameters of 600{mm or more in soft and weak
grouﬁd, such'és for'largé capacity wells for farming in the
alluviai'plain. It is also used for drilling holes for
foﬁﬁdéﬁion'piIES in'ciﬁil'engineering-works.
_ When all of the above descrlbed character;stics of each
_drllllng rlg and the geological structure of the drilling
sites are taken into consideration, it is judged that the air
‘percussion rotary (down the hole) type is most suited For
the'projéét-area since it éan éope with a wide range of

lithology, from soft and weak ground to very hard rock.

2) Drllling and development of well

The following is the general procedure in drllllng and the

development of well.

{1)7'D?ill'hole with a diameter of 254 mm to a depth of about
5 m in the topsoil, making sure that the bottom of the
hole has arvived at the relatively stable, unconsolidated

_sediments.
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(2)

(3)

(4

(5)

(6)

(7
® .

C))

After inserting:e steel pipe (conductor pipe) with an

iﬁner'diaﬁeter_of 200 mm, drive it in or oush it in using
hydraﬁlic power of the rig into the unexcavated earth for
about 10 to 20 cm in ordet to prevent collaps at the pipe

end.

Holding the steel plpe vertically, inject cement milk
around 1t to stabilize the pipe.

While circulating the drilling mud, drill the borehole with
a diameter:of 194 mm straight down to the predetermined
depth.

_Conduet electrical logging and whatever other logging of

the borehole that is necessary, and prepare a casing

program_based'upon an overall judgement of the logging
reeults, analysis of sampled columner log and the report sub-

mitted by the boring personnel.

For prelimlnary pumping test to conflrm the groundwater
reserves, 1nsta]1 a ¢l50 mm N.D. steel c351ug in the
borehole in accordance with the casing program. {perforate

slots in three of the 1owest pipes with a drill.)

Bail out the'muddy'water in the pipe with a bailer. After
confirming that some groundwater is seen to infilterate into
the pipes, descend the D.P. in the pipe and cleanse the pipe

by feeding fresh water by pump.

Descend an alr 1ift device, then cleanse the pipe, after

which conduct a preliminary pumping test by air 1ift pump.

After conflrming that the yield is suff1c1ently large to

be utlllzed.

Pull out the $#150 mm N.D. casing. -Confirm that there is
no collapsing in the borehole with a bailer, and if there

is, remove caved substance..
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(10y

(11)

(12)

(13}

(18

(Note)

3

Insert $150 mm N.D. PVC screen and casing pipe.

Thereafter, develop the well by air lift pump. At the same
time, fill formatfon stabilfzer around the screen to prevent

caving.,

Conduct pumping tests ~ continuous, recovery, and stepwise
drawpdown test - by means of a pump with submarine

motor.

Place concrete slabs around the surface section, plug the
well temporarily and mount a cap on top, with which the

work_is-cbmpleted.

Prépare a written report on the well drilling work according

to the style desctibed later.

When a hard rockbed is intersected during driiling and
further drilling becomes difficult, perform processes (4),

(5) and (6) at this depth, and then drill by 6" N.D. air

hamer Erom inside the 6" N.D. pipé, ‘When the well starts
to yield groundwater, this can be recognized dﬁring dril-
ling by air iift. When an adequate amount of water is
produced, stop drilling. Théreafter,'follow the same
processes from (9) through (14}, praviding howaver,.the
PYC screen in process (ib) shall be used only when the

water is produced from the upper section. If the water

~is not produced from the upper section, insert a plain

pipe and perform cementing and back~filling around the

pipe,

Réport'on-the~well'drilling work

As well drilling work will increéée heveafter, the.reports

thereof will serve as an important source of Iinformatlon for

investigating hydrogebiogy and managing groundwater, The

items which ought to be covered'by the rep0rts are enumerated

below as reference.
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B W N

6.

7.

Name and reference No. of each well

" Location of well, to be entered on a § = 1/50,000 map.

Ground. hight

Deécription of work

(1) Work schedule (outline) - attach the record of well

drilling log as an appendix and term is
from time of access to the site, to with-
.. drawal.

(2y Type=of'mathihery used

.(3) Geologic.columnar section, well logging

(4) .Casing ﬁrogram'(final well structure)

: Descriptlon of pumping test
(D Year month and date tested

(2 .Equipment used

(3) Conditions of casing

(4) Analytical results of pumping test - attach the record
of pumpiﬁg'test'ahd anaiytical graph
as:appehdiéés.

Sfatic ﬁater level
Puﬁped water level
.Pumping rate
Specific capacity
_Transmi551vity
Limits pumping rate (stepw1se ‘drawdown

test)

Description of cheﬁicél analysis

© Summary -
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. 4):

Structure of production wells in the project areas

The structures of the'ﬁroductian wells are hypothesized on the

'basiS.Of the geologic composltlion in each  project area. They

caﬁ'b&-broadly_classified into the four types of I to IV

@

as 1llustrated in Flg. 3-5.

VType I

Wells of ¢his type directly intersect with igneouq rocks

in areas where alluvium or other sedimentary layers are
not. distyibuted at all or hardly ewist if any , and the

upper section bomprises a weathered zone wﬁich is relatively

_soft. As the depth increases, the ground becomes harder
’and7£QQuifes drilling by air hammer typel After the top sec—
tion of well is drilled with a diameter of ¥ 5/8"“(245 mm}, an

(200 mm) casing is inseried and the pipe end is sealed by

cementing. Then boring is continued to a depth of about

30 ﬁ with-a;borehble diameter of 7 5/8" (194 mn). A pre-
limiﬁary pﬁmping'test-is then conducted by air 1ift, -and
if the amount of water ‘produced is dnsufficiént or ‘non-
ex1stent a 150 mm N.D. flash Jjoint pipe is 1nsLa1]ed and
drllllng by air hammer is continued. The maximum depth is

tentather assumed to be up to 120 m, If fissure zong are

-1ntersect and groundwater starts to fill the borehole, this

tan_be_tonflrmed by air 1ift whlle—drllllng. If a sufficient
amount.of watef is seen to spurt, the drilling operation is
stopped and the water level is measured along with other
measurements, If it is seen to satisfy the iuitiallyrplgnned
'amoﬁqt pf Water,'theﬁ drilling iz trerminated and the well

is“@éVeioped to completion., The 150 mm N.D, flash joiﬁt pipe

is ﬁuiled out, and the ingide of the bbfehble cleaned By.

means of air 1lift pump or otherwise. If water is produced

f;@m;the'ﬁppér section, a slotted PVC pipe is installed,

“but .if the ﬁﬁyer section is a ﬁoanrD&ucing zane, a plain
- PVC pipe is iﬁstailed artd the.pipe end sealed by cementing.

Then the intersticés between the borehole wall and the

pipe are Filled with sand, clay and the like to stabilize
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the pipe. This type of well seems applicable to Vunika

settlement and Vuo village.

Type LI

nype 11 is different from Type ‘T in that the plain PVC

pipe which is installed in the upper section and must be
made longer because of the Lhick accumulation of

iinpermeable alluvium'layers and tuff breccia, etc,

"This type of well is considered applicable to

the settlement of Seaqaqa.

Type TIL

‘Type ILI is different from Type 11 in that although ground-

. water is also produced from the upper sedimentary rocks,

the amount is insufficlent 50 that groundwater in the
cracks of the lower rockbed is also explolted to increase

the amount bf ‘water produced,

In practical terms, thlS is the case where Type v
produces insuff]cient water, and after temporary caqing
work the borehole is cut by air hammer. During this

process, the utmost care must be paid where possibilities

-6f collapsing exist due to the large depth of the casing.

This type of well is considered applicable to Navekabu
settlement , Namoli village and also the Lekutu Junior

Seéondary School(

Type IV

Mogt of the wells in the plains south of Labasa are ex-
pected to be of this type. This Lype of well is bored
with fresh water or thin mud qtraight down through alluvium
layer and sedimentary rocks as far as the weathered zone

of the bed rock. A plain PVC_plpe and slotted screen are

‘installed to reach the bottom of the borehole, with the

plaiﬁ'PVC pipe provided at the part that intersects with
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3-4-3.

'the weathered zone at the bottom to withetand sedimentation.
Formation stabillzer or coalse filter sand of uniform grain
size is filled around the screen. The interstices in
the upper section may he filled_with £1114ng substances
instead, provided howeyer,'about-lo m-from-fhe uppey end
 of the screen wust be filléd with Filter sand. As for the
topsgoil part, cement'gréuting is carried out around the
tempofery_casing while pulliug it out, but it is more
desirable to bury the temﬁorery casing in situ from the
staﬁdpeinﬁ of.proteefing the weil mouth and.preventihg it

~from beeoming'coﬁtaminated frOm'the ground surface

This type of well is c0n51dered applicable to the settle—
ments at Vunicuieui Vunimoli Waidamudamu and the villages

at Vunlmoll dnd Korow1ri

Basic ﬁesign-for the Model Areas

.

Settlement'water sueﬁly
The ba31c plan  for quicuicui, which was selected as the model
area for sett]ement, 1s ds follous.
(1) Intake facilities
Water will be taken from fhe_deep.well which MRD is
sehedeling_tb bbréﬁet a site across the street from the
Todian School. For well pump, a heavy duty'veftical shaft
tUrbine.pump driven by a diesel engine will be used. The
daiIbeperéting hours of the pump will be QC hours on
'conditioe:that PWD will'undertakefits operation and
mainteﬁance. Sjﬁce the amount ef.grouhdwater stored in
-thlS area are expected to be. more than in other areas as
stated previously, all of the water demand as shown on
Table 3-5-a 1s planned to be pumped from this single well.

Basic data for the well pump are as follows.
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50

Basic data and'specifications of the well pump

Elevation of the proposed well site : +15.0 m

Pumping Wéter level : <5.0 m (GL ~ 20 m, coﬁsidering

future draw-down of water level.)

“Actual head : : 72.5 m {67.5 - (-5}, assuming
HWI. of the distribution tank to
be 67.5 m)

‘ Friction losshead duve to conveyance pipe ¢ A m

Pipe diameter ¢7%

Flow tate 1.83 1/sec.

Flow rate'COefficientJC = 110
Lengfh'of pipéline 800 m

From these :
‘Veloclty qflfldw 0.41 m/sec.
Hydraulic gradient &.4%
Loss of+head 4.4 x 800/1,000
= 53,52 m
approx. 4 m

Total head.: 30.0m (72.5 + 4,0 + other losses)

Specifications for pumping equipment

Type : Heavy duty vertical shaft turbine
' pump for deep well
Performance : 'Totai head 80 m 7
Dischérge 110 1/min.
Revolution 1,800 rpm
No. of stages 17 stages:
Dimensions : = Bawl diameter 145 mm .
length. 3,300 wm
Column pipe diameter 80 mm

length 20 m
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Strainer . dilameter 80 mm

length 3,000 mm

Lubricating system ! water lubrication

Output : 6.5 Tp
~Prime mover: o Diesel engine (water cooled
' ' 4 cycle)

Revoiution 1,800 rpm
‘Qutput 15 Hp

b 'Specificatibns for intake facilities

Well pump :  As above .
Casing :. - Rigid PVC pipe, 4150, 70.m
Stralner :  Of the total 70 m length of casing,

slits will be provided for 40 m.
:Well consrructlon. -
' - _ " Refer to Par. 3~4-2,.4)
' Pﬁmﬁ room ! _Fléox area 2.55 2 5.05 m
'  Stfucture' concrete block

Details refer to the Drawings

(2) Water:éqnveyance facilities

Thié is the pipeline-facilities for conveying watér from

the intake pump to the distribution tank that will be constructad
in the flank_of.the hill. With.a view to prevent water haminer
preSsure'éauéed sudden étalt—up and shut-down of the pump and
sudden valve operation, it shall be provided with an automatic
valve" whlch is actuated by the changes 4n water pressure and

water level.
é. Spécifications fdr watef conveyanpé facilities
'ﬁatéﬁ éonﬁeyance.pibe:."' Rigid:PVC pipe, é?S, L=800 m,
| . ' Class D, Maxlnun head 120 m
Straiﬁer::_  FCD 675 1.ﬁnit
| 'Méximﬁm égfvige pressuré'lo kg/cm2

Mesh size - 12
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Hydrauldc primary pressure regulating valve (safety valve):
FCD $50 1 unit

Type Diaphragm safety valve
Maximum service pressure .

10 kg/cmz
Range of pre-set pressure

5 - 10 kg/cm?

Accessories Pilot valve, pressure gage, etc.

Hydraulic surge relief valve
FCD ¢75 1 unit

Maximum water pressure
10 kg/cm?
Minimum working pressure

0.3 kg/cm?

Sluice valve for waterworks !
FCD 475 and ¢50° 1 unit each

Pressure gauge with alarm device : 1 set

Type of pfessure gauge
' ‘Bourdon tube with micro-switch,

JM21
Scale 0 - 15 kg/cn?
Alarm contact “at one location

Gauge dlameter 150_mm
Buzzer box . Wéll_type
Power - DC 24 W
-Séhematic diagram

as presented below
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Pressure

DC24v gauge

v<

. Piping of well pump delivery ‘pipes

The piping on the discharge side of the Well pump, in
relation to its start—up and shut-down operation which is
actuated dependlng on  the water level of the distribution
'tank, shall be as illustrated in Fig. 3- 6. When the water
level in the distribution tank reaches HWL and the water
level centrol valve closes, the pressure withln the water
conveyance pipe rises since the well pump is in operation
at this time. The system is designed so that the rise in
pressure '1s detected by the pressure gauge (pressure switch)
which in turn actuates the alarm buzzer. 1t 1s by this

alarm that the operator will know when to stop the pump.

Fig. 3-6 Piping for the Discharge ?ipe

-— Alarm device

Battefy[j::] Vo
. i P

CheL—-4:)Pressure gauge

S Valveé?S Hydraulic surge relief valve ¢75
Well pump . : : | Dfrrm——= fa tey conveyance pipe
: Sluice valve @475 475

Return to

the well valve

. Strainer $75

a - “Safety valve #50
Slulce valveéso
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¢. - Study of the water conveyance pipe

¥ig., 3-7 Iilustration of Loés Head in the
- Water Conveyance Pipe  (Vunicuicul)

#75, L*BOOm, I=4.4 g Distfibutioﬁ tank
2 T0A % D )
— N HRL46 7.5
. g
¥ : /_' .
Total head

'?ump house

L
- Water level .for
-gperating the pump

{Value which takes into}{
account future draw-dawn .
of water level)

|
o
-1
{

1

The total head of the buﬁplas shown in Fig. 3-7 was
figured out by adding the loss of head in the water

conveyance pipe, etc, to the actual head as follows:

Quantity of water pumping':

3 24 hours = 158.4 m?/day
132 m°/day x 20 hours = 1.83 1[sec
Conveyance pipe: Pipe diameter ¢75; length 800 m

.Etiction loss head : Q = 1.83 1/sec., c = 110, resulting
: in a hydrauiic gradient of 4.4 %,
from which tﬁe Friction loss head
(F. Loss) 1s calculated to be :
F. Loss = 4.4/1,000 x 800 m = 3.52 m

Pumping water level : -5.0 m
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(3)

H.W.L. of distribution reservoir
' +67.5 m

Total head of the pump : 67,5 ~ (~5) + 4.0 + other

losses = 80 m

Diétribution reservoir

A distribﬁtion‘reservoir'with a capacity equivalent to 30%

of the daily water demand will be built at ‘a place 68.5 m

in elevatioﬁ'(HWL). The structure shall be a Hume tank which

has élreédy proved well in the locality. The water level

econtrol valve shall be installed so that when the water

level in the tank has béeu'détected to have reached the high
water ‘level (HWL) due to pumping‘from the well, the valve
on” the inflow side will be'closed and control any further

rise of the water level.

a. Basic data of the distiibution reservoir

Capacity : 39.6 m3 or more (1327m3/day
x 30 %)

High water level :  467.5m

Low water level : +65.9 m

b. Specifications for distribution reservoir

Structure : . RC silo stave tamk 1 unit
Dimensions f ' 6.0 m x 1.6 m (effective

_ - o water depth)

Builtnup height : _' 2.1m (3 tiers)

Bracing : - : Steél_bar #13

Detail of distributing resevair:

as per drawingé.
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Hy&fadlié altitude control vélvé (water level control

valve) - : ' o FCD 475 , 1 unit
Type ¢ g ‘Bar float pilot type
‘Maxdmum sétyiéé préssure:10 kg /om?

Minimﬁmaﬁaﬁer'dépth'; 1:0 m

‘Accéssories ! Pilot valve, pressure gauge, ete.
Valve chamber : = - RC built 1.42 (W) x 2.35 (L) x
' : 1.47 () m
';Céte vaive'forIWatérWOrké:'FCD #75 2 units

Piping around the reservoir _
' scp ¢75 to ¢100 1 set

c.'-Piping of_distributién tank inlet pipes
A ﬁégéfslévélsgényrol ﬁalve is installed to the inlet
pipe (c?@veyanée_pipe)'1§ading to the.ﬁistribntidn tank
and a pilotivalvegis'instailedjto-the dist:ibution tank
 50'thdt when the water level in the disﬁribution tank is
déteétéd to have,reéched'HHL, the water' level control
§31Ve.ié'éloéed by the water pressure'énd stopé the.inflow
af_watef_iﬁtonthe distribution tank; Piping which enables

this action to be taken is as illustrated in Fig. 3-8.

Flg. 3-8 Plplng ‘of Inlet Pipe to the Dlstrlbutlon Tank
T A Pilot valve
l.

- .-

!r Distribution tank .

“Chamber for water
level control valve

CL wf_rf "_-J
ey

{ {s1utce vatve

1 Water level ‘control valvé

i

sl

Water conveyance
pipe

Slulce valve
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(&) DietributiOn facilities

The distribution main will beﬁlaid from the distribution

tank to the pfineipal'publie roads within the settlement,

The plpe diametér shall be 6100 to #50, with standard earth
eovering of 0.8 w. Sluice vélve,blow off pipe, fire hYdrent,
river'creséihg, air ﬁalve, pipe'anehoring, ete.,  will be
'prov1ded as necessary so that the entire faclllty will
adequately function as a pipeline._ As for pipe material, the
'locally produced rjgid PVC pipe will be used. Steel pipe and
.ductile iron pipe may alsc be used as neceseary. The
distlibution will be made by the grav1ty flow system. The

pipeline network w1ll be as shown on the drawing.
a.'-SpeCificaeions'for the distribution facilities

Distribution pipe
(Class C, ‘Maximum head 90 m) .
2,500 m

Rigid PVC pipe 4100, L =
| B # 75, L = 3,500 m
| 450, L= 4,900 m
Galvenized steel ?ipe ¢:75, L = 49.5 m
Sluieé:ealve : _ .FCD é}OO' 4 ea.
| ¢ 75 14 ea.
650 12 ea.

Bilow off pipe : #50 x 3 places. (pipe length 10 m ea.)

Adr valve  : Single hole ¢13 m x 4 places
Fire hydrant,': Above ground type x 12 places
River crossing : . $75 x 3 places (pipe length 10 m ea.)

Special pipe anchoring : _
Teés élOO) x 12 places
j $ 75 .
90 bend 4100 x 1 place

.Common water tep: " ¢4 13 x 4 taps x 36 places
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Study of the distribution pipe

in ﬁrder_to function as a distribution pipeline

sluice valves, air valves, blow off plpes and fire

hydrants sﬁall be installed as indicated on Fig, 3-9.

Slulce valves,as'é rule,were placed in the downstream of
pipe braﬁching, at both Sides of the pipeline where it

crosses the river, and 1n the downstream side of the

'blow off pipes. Fire hydrants should deslrably be

installed on a pipellne with 150 mm or larger pipe

diameter but because the larpest dlameter of the distri-

'-bution_plpes under the proposed plan is 100 mm, the fire

._hydranté'were installed only where the pipeiine was 100 mm

in diameter ét_intervalé of 200 to 300 m.

The section laid acroés the river is overpassed and
installed. with a air valve. Also, blow off pipes are
1nqt311ed in the upstream side of the river crossings to

remove sediments in. the pipe.

" In calculation, it is determined that the pipe diameter

should secute more thaan 20 m (2.0 kg/cmz) of residual head

at the far end of the distribution pipe, and as a result,
the residual head 1is estimated to be approximately 22 m

as shown in Flg 3-10. The trial calculation is made

. according to William Hazen s formula on the. 333umptlon that

;the peak flow is 2.5 times the average daily flow. A

study involving the fire vater demand was omitted.
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Fig. 3-9 Details of Distribution Pipe Systen

in Vunicuicui

DISTRIBUTION
TANK -

-~ Legend -
¢ 50mm

e P 75mm
s @100Dm

N. Sluice valve

A Air valve

B Blow off pipe
H Fire hydrant
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2)  Village water supply

The basic design for Vunimoli which was selected as the model

village is as follows.

(L

Intake facilities

A deep well will be bored wiﬁhin the village from which
water will be: taken by foot~operated pump. The water

demand ié assumed to be 8 m3/day, and the pumping facilities
are détérminéd on.the basis of a supposed case that water

is consumed during 8 hours in a daytime,
a. Basic data and specifications for well pump

. Type of pump :  Foot-operated pump

Wérking mechanism:

When the pedal of the plunger pump,

on Fhe.ground,is pushed by foot and
preséure water 1s fed'tp the pump
inétalled in the lower part of the
ﬁell, the flexiBle baloon in the pump
body inflates, and by the same working
mechanism as. the diaphragm pump,

water in the pump barrel is pushed

up thrbﬁgh:the water 1ift hose. When
the pedal is let go, the baloon
automatiéally deflates and groundwater
“is iﬁdﬁced from the well into the pump
barrel; Repetition of this process

. pump up water.,

Lift Head : _ 30'm:

Flow rate : - 1 tol.5 m3/hour
~(Discharge)

- Borehole diameter:
150 mm
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(2)

Pump body : - Total length 1.42 m

weight_ © 6.5 kg
Caliber 92 mm

- Sleeve : Length - 750 mm
Caliber - 65 mm

Elongation percentage 40 %

Superstructuréf Height ' 1.38 m
Weight 16.5 kg
Pedal stroke 250 mm

Command pipe : . Polyethylene 23 x 32
Delivery pipe : Polyethylene 26 x 32

Pump mound . :_ Built with concrete

1.5 (W) x 1.5 (L) x 0.15() m

Water conveyance and distribution facilities

Water_pfeSsﬁfe.fed-by meané of a foot—opefated pump is

' Qoﬁvéyed'toﬁthe distribution tank adjacent to the well

through a ¢25 polyéthylene pipe, then from the tank

distributed through $#25 rigid PVC pipes to the common

water taps and shower huts.

a. Specifications for water conveyance and distribution

facilities

Water conveyance pipe

Polyethylene pipe $25, L = 9.0 m

Servi¢e~pipe:

* Rigld PVC pipe ' $25, L = 18.0 m
GaiVanized steel pipe #25, L = 6.0 m
Gélvaniééd'steel pipe élB,_L = 12.0 m
Fittings 425 to 413 1 set

Valve o $25 5 ea.
Watér.tap ' ' $13 2 ea.

Shower head and valve #13 2 ea.
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Distribution tank i |
' Effective capaclty 2.5 m3, made of FRP,

with mounting ffame, 1 unit each

Shower hut : ° . Zinc plate walled, 2.4 (W) x 2.4 (L)m,
' ' 1 place

Wasﬁing chamber : Made of concrete, 1.5 (W) x 1.8 (L)m,

2 places
" Catch basin: Made qf concreté, 0.4 (W) x 0.4 (Lm,
2 places
Drain pipe:
Rigid PVC pipe, 475, L =6.0m
= 4100, L = 12.0 m
(for_drainage) 4150, L = 12.0 w
‘Details : 'As per the Drawings.

3-4-4. Pléns'for Other Areas

The plans for the model settlement and village are as described
in the.ﬁrecediﬁg paragraph. Outline of the plans for other

 areas and schools are mentioned here in this section.

1} Plans fFor other settlements

The eétimated'water demand was obtained.bj multiplying the
averége-water demand per capita per day by the served population
for each settlement as shown in Table 3-5-a. The figures are

cited below.

“Yunika 251 m3/day
Vonimoli 19 "
Wai damudams 18
*Nabekavu’ 99 "

Vanibau Bua _27 "

The following is an outline of the plan for each settlements.
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(L)

Yunika -

As the area is not 6nly close to the.coastal line but has

'mountalns right. in the hinterland, it is an area that can not

- afford any potentlal site of the well at an adequate dlbtance

any potential site of the well at an adequate distance from

the coastal 1ine, therefore, always be considered the possibility

of sea water introsion by pumping the well.

"porposéd well, and that it would be recommended to plan on

In this light, it

'would_be difficult ﬁo-supply all of the water demand from the

reduc—

ing the quantity of water to be pumped from the proposed well by

receiving a part of the water supply from the Labasa water-

works.

Although:;he planned.discharge is not determined accurately

unless a test borehole is drilled and a pﬁmping test is con-

ducted flrst, the ba51c frame—work of the.plan is drafted on

the assumptlon that it will be feasible to 1ntake all of the

~ water demand from the proposed well.

Only one well is planned

as the production well in the area.

a. Well pump

Vertiecal shaft turbine pump for deep well

Operating hours
.Dischérge
Diamefer

Total head
Output :

Prime mover :

Diesel engine

L. Water conveyance pipe

Rigid PVC pipe (Class D,

1 unit

20 hours a day

9210 1/min.

75 mm k3 inches)
60 to 80 m

8.5 Hp
15 Hp

x 1,800 rpm, 4 cycle

120 m hd)

4100, L = 3,200 m
Q = 3.5 1/see., V = 0.44 m/sec.,
1= 3.7 %
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(2)

¢, _Distribution tank

Hume's tank 1 it

Required capacity : 251 m3 x 30 % = 75.3 md
Dimensions : $7.8 m x 1.6 m

(effective water depth)

d. Distribution pipes

Rigid PVC pipe (Class C, 90 m hd.)

$150, T. = 4,800 m
'$100, L = 1,400 m
¢ 75, L. = 3,700 m
$ 50, L = 2,800 m
Conimon water tap: $13 % 4 faucets x 73 places

-Vuﬁiﬁoli.and Waidamudamu

These areas extend along the Labasa River with a large

catchment area. The water requirement therefore can be

Easily met'since the planned quantity of water pumping is small.

Some places already have water supply fac111t1es of their own
Uhlle others are in the stage of plannlng, but the proposed

plan should a1m at providing 1mproved fac1lnties and serv1ces

to the entire area inclusive these places. The plan calls

for one producing well for each settlement.

a. Uell pump"

Mono type deep well pump . 2 units
Operating hours : 8'hours é day
Discharge : 40 l/mih. (per each system)
“'Diameter $50 mm (2 inches)
Total head : 60 to 80 m
Qutput :: 3 Hp.
Prime mdver E Diesel éngine,

4 Bp x 2,000 rpm x 4 cycle
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(3)

‘b Water cbnveyance pipe

Rigid'Pvc'pipe (Class D, 120 m hd.)
450, L = 4,100 n
Q= 0.66 1/sec., V = 0.34 m/sec.,
I =4.9 %»(pér'each system)

C. Diétribution tank
Hume's tank : 2.unité
3 x 16/24 = 12.7 w3

Dimensions:-' $3.3 m x 1.6 n (effective

Requiréd capaclty: 19 m

water depth)

d. Distribution pipe

Rigid PVC pipe (Class G, 90 m hd.)
475, L = 13,000 m
650, L = 7,400 m

Common water tap $13 x 4 faucets x 28 places

Nabekabu

Althoughiﬁhe pléﬁnédIQUantity of water intake by pumping

is relatively large, it will be sufficiently met the water
dgmgﬁd'by just one well judging from the pumping test results
of'fhe exisﬁing Wéil. However,'sinée the extended leungth

of the distribution pipe system would have to be made
excessiVeiy long.ih this‘éasé, with the result that the

working water pressure at the far end of pipe may possibly

become t00 iow, the plan 1s prepared on the basis of

intaking-water from two production wells.
a. _Wéllrpump'= 

‘.Heévy duty ve?tical shaft turbine pump for deep well

2 units
Operating hours : 8 hours a day
Dischafge 1 110 i/min. (per each system)
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Diameter 3
Tdtal-head:'
Output : -

Prime mover:

- Water conveyance pipe

Ripid PVC pipe {Class D,

- Q

Distriﬁution tank
Hume's tank

Required capacity :

* pimensions
Distribution pipe

Rigid PVC pipe (Class G,

Common water tap:

Vunivau Bua

775 min (3 inches)

60 to 80 m
6.5 Hp

Diesel engine,

15 Hp x 1,800 rpm x & cycle

120 m hd.)

$75,1L = 4,300 m

1.72 1/sec.

0.39 ﬁ/sec.,

4,0 % (per each system)

]

v
I

il

I

N 2 ﬁnits'
99 w3/2 x 16/24 = 33 m3
#5.2m x 1.6 m (effective
water depth)

90 m hd.)
$100, L
¢ 75, L.=
¢ 50, L =

6,500 m
5,300 m
7,900 m

$13 x 4 faucets x 81 places

As this aréa has low precipitatlon, the recharge of

thatefore also small.,

from 4 single well

'groundwater per uuit land area is smaller than other areas.
: The potentlal intake quantlty by pumping per well is

But since the planned water
.quantity to be gupplied is small ‘it can be obtained

- Yet, because of ‘the disadvantage

to extend 1ong pipellne and also for other reasons,
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the plan is made having two'production wells. Among the

wells that have already been

developed, there are some welis

which show poor water qnality, guch as contalning parti-

cularly high iron and manganese content. Threfore, before

to utllize these as the pfbducing wells, careful water

guality test shall be necessary.

a. Well pump
Mono type deep well puwmp

Operating hours :
Discharge :
Diametér _
Total head :

Qut put

Prime mover :

Water conveyance plpe

Rigid PVC pipe (Class D,

Distribution tank
Hume's tank

Required capacity :

Dimensions :

Distribution pipe

Rigid PVC pipe (Class G,

Common water tap

2 units

8 hours a day

30 1/min.. (per each.system)
¢50 _— (2 inches)

60 to 80 m

3 Hp |

Diesel engine,

4 Hp x 2,000 rpm, 4 cycle

120 m hd.)
$50, L = 3,000 m

Q = 0.47 1/sec.,
vV = 0.24 m/sec.,
I = 2.6 %n(pér each system)

2 units

97 m3/2 x 16/24 = 9 w

#$3.0mx 1.6 m
{effective water depth)

90 m hd.)
¢ 75, L
$ 50, L =
$13 x &

I

8,000 m
7,300 m

faucets x 21 places

- 122 -






(5

Seaqaqa

Ixcept where.the existing'water‘supply facilities are provided,
the houses are spaced wide aparo. The method of supplying
water to these houses by piping is not advisable because the
pipeline extension would become too long. A recommended plan
is'proVidiﬁg similarnfacilities.as the ones that were planmed
for Vunimol village, that is dig a well for each or every

few houoes and install foot pumps. As the insufficient data
to work on during the current inﬁestigation, it is difficult

to map out a specific plan fof Seaqaqa'settlemeht. Then,

it is confined to wmerely recommending, as a directional guide,

to provide the kind of water supply facilities that have been

plénned in the villages as stated before.

Plan for other villages

This paragraph covers the basic frameWork of the plans for villages

other than Vunimoli which has been planned as for the model village.

The design water demands are tabulated in Table 3-5-b, also shown

in the following,

Namoli 5 m3/day
Korowiri o "
Vuo 29 "
Matai Labasa 56 "

The desigh wafer demands of the wvillages have a wide variance

-of more than 10 times between the smallest of 5 m3/day and the

largest of 56 m3/day, This is because the values for Vuo and

-Matai Labasa, in pafticular, are estimated on the basis of the

total populatlon of several communities of which the villages are

composed Since the basic idea of the 1nvestigation is to

plan one water supply fac1lity for each community, it meane that

the two villageq mentioned above will require several water supply

facilitles.

- 123 -






The conceived water supply system plat for each village as

a single community 1s as ouLlined below.

_ Typical village population: 150 to ZGO.people
s Design watey demand for a typical village
' 8 to 12 m3/day
(50 to 60 1/capita/day)

When'the water qupply-systém is planned on the basis of a
design water demand ranging between 8 to 12 m3/day, water
will be supplied to the villagers by a .system similar to the
one that was planned for Vunimoli, the model village, the

standard désign‘of'Which is -as outlined below.
(1) Standard design of village watér_supply system

a. Well pump -

Foot-operated pump, made of stainless steel

1 unit
Borehole'diémeter ¢ 4150
Lift head : - 30 m
Discharge T 1 to 1.5 m3/hour
_ Pump diameter : S92 mn '
Diameter of drive hose:
| | 26 x 32
::Dlametnr of dlscharge hose &
26 x_32
- Pump mouﬁd : " Made of concrete

1.5 (W) x 1.5 (1) x 0.15 (Hm
b, Water conveyance and distribution facilities

‘Water conveyance pipe ! Polyethylene pipe
- $25, L = 9.0 m

Service pipe : - ' Rigid PVC pipe,
$25, L = 18.0 m
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Galvanized steel pipe
$25, L = 6.0 m

#13, L = 12.0 m
Valve ¢25° 5 ea.
Fauﬁet 413 2 ea,

Shower head & valve
g . _ 413 2 ea.
:'Distribuﬁion'tank: Effectlve capacity 2.5 m3,
. ' made of FRP, with ﬁounting

frame 1 unit
. Shower hut : Zinc plate walled,
| B B 2.4(W) x 2.4(L)m, 1 place
:Washing chamber : - Made of concrete,
_ 1.5(w) k 1.8 (i)m, 1 place
_Catch_baéin : _ Made of concrete,
, ‘ - ' 0.4¢W) x 0.4 (L)m, 2 places
Drain pipe : Rigid PYC pipe, (fbr
' '  drainage)
- ' é_?S;;L =6.0m
4100, L = 12.0 m
4150, L = 12.0 m

Water supply plan for schools

Schobls taken up as objects of this study are shown below

along with the estimated water demand of each school based

.bn the numﬁer.of pupils.

quueloa-(Tﬁonggeloa) Sangam School 4 m3/day
Valebasoga Primary School -1 "
Lekutu Junior Secondary School i3 "

~ Lekutu Bhartiya School . 4

Thé-design water deménd'is classified into 4'm3/day and

10 ﬁo 13 m3/day. Assuming that the Indicated water demand-
'1s to be pumped up dﬁring 2 hours in the morning, the capacity

of the well pump was determined as follows :
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pescription

Type of pump

No. of pumps .
Borehole'dia; of well
Operating hours

Dischrage
(pumped intake)

Total head
Jutput

Prime mover

Case 1 (4 m3/day)

Mono type deep well
pump |
. .
$1.50
2 h0urs a day

40 1/min.

30 m

Diesel engine
4 Hp x 2,000 rpm
4 cycle

Case 2 (10 - 13 m3/dayl

Mono type deep well
pump

2 hours a day

110 1/min.

30 m
2 Hp

Diesel engine
4 Hp x 2,000 rpm
4 cycle

Three of the above schools have water supply facilities which

are not used now due to failure of the pumps. It is considered

that, by installing well pumps,: these facilities can be restored

to function as water supply systems.
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3—5. Estimated Construction Costs

:The construction costs for the water supply systems in six settlements,
five villages, and four schools covered by the present survey were
'estlmated based -on the present (December ]980) levels of prices.

Estlmated results are presented in Tables 3.9.a - 3.9.4.

1he construction costs are divided into construction material costs
and labor costs, and further into foreign currency components and

- local Lurrency components.

The main parts of the forelgn currency components consist of casing and
screen for well. constructlon materials, pipes, Hum's tanks (Fiji-
made but counted as foreign component) and PRP panel tanks for water
dlstrlbutlon materlals and pumping equ1pment The forelgn componcnts
of well drilling machines and anc1llary equ1pment, and ocean frelght
.are presented by a separate item. Regardnng the 1ocal currency
component,.cement, aggregates; steel bars, crushed . stone etc, as
raw materials, and labor costs are included. In addltion, estimation
-of labor costs 1s based on the wage rates of the F131 government and
. the requlred manpower for each work is based on the references from
Japan's goveinment - subsidlzed construction works of environmental

and sanitary facilities.

The estimates of construction costs are presented in Tables 3.9.a -

3.9.1. A summary of these figures are shown in Table 3.8.

Table 3-8 Toreign and Local Components of
' Total Construction Cost

I Foreign_Compoﬁent‘.. o "Local Component Total
_ ‘ Material . | Materials | Labor |Llemporary work

| o million 173.0 59.7 | 66.7 - 15.8 315.2

ij.of yen : :

| as percentage_'

of total- | _ . :
construction : == oo 19 21_ 3 _ 100
cost
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According to Table 3,8, the total construction cost was estimated at
315 mi1lion yen, of which 55 % or 173 million yen is the foreign
component.and 45 pefcent or 142 million yen is the local component: .
Included in thé local component are material cost (60 million yen),
labor cost (67 miliion yen) and temporary works cost (16 willion yen).
On the othér hand, according:to the Eighth 5 Year Development Plan
(1981 - 85) of Fiji, the total budget for rural water supply develop-
meﬁt‘plan for settleﬁents and villages is expected 4.44 million Fiji
dollars or about 1240 million yeh. Therefére, the estimate of
total construction cost of the pfesénf project shares some 25

percent of the ?iji government's budget for rural water supply

.development'plan[

In addition to the'drilling'rig, the equipment and materials
estimated in the construction cost above will be mentioned later

in connection with the cooperation objects and their effects.

The foreign exchange rates used in this estimation are

1 F§ =280 ¥ = 1.33 US$
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Table 3.9.a. ESTIMATED CONSTRUCTION COSTS + ALL PROJECT AREAS

MATERIAL

" LABOR

ITEMS DETATLS FORETGN | LOCAL T
RO COMPOMENT - | COMPONENT | SUB-TOTAL LOCAL
SETTLEMENTS ¥1,000 ¥1,000| ¥1,000) - ¥1,000
YUNIGUTCUT 17,610 6,359 23,969 7,510
VUNIKA - 41,275 - 13,060 54,335 11,315
VONIMOLI & . _
WALDAMUDAMU 28,648 11,912 40,560 15,790
NABEKAVU 38,878 13,932 | 52,810 18,108
VUNIVAU BUA 22,179 19,083 31,262 11,938
SUB~TOTAL 148,590 54,346 202,936 62,293
VILLAGE
VUNIMOLI 1,822 473 2,295 " 395
OTHERS (9 VILLAGES) 16,398 4,257 20,655 3,555
SUB~TOTAL 18,220 4,730 22,950 3,950
SCHOOT, (4 SCHOOLS) 6,225 585 6,810, 420
SUB-TOTAL . 6,225 585 6,810 420
TOTAL (Direct ' R _ o
Construction 173,035 29,661 232,696 66,663
Cost)} ' ' :
TEMPORARY WORKS
173,035 232,696 66,663

TOTAL

59,661

TOTAL

} REMARKS

FORLIGN LOCAL TOTAL
- ¥1,000 ¥1,000 ¥1,000

17,610 13,869 31,479
41,275 | 24,375 65,650
28,648 27,652 56,300
38,878 29,722 68, 600
22,179 21,021 43,200
148,590 116,639 265,229
1,822 868 2,690
16,398 7,812 24,210
18,220 8,680 26,900
6,225 1,005 7,230
6,225 1,005 7,230
173,035 126,324 299,359

15,841 | 15,841  |5% of direct

Construction

Cost

173,035 | 142,165 315,200
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Table 3.9.b. ESTIMATED CONSTRUCTTON COST : VUNIQUICUT SETTLEMENT

_— o _ MATERIAL LABOR TOTAL
DETAILS FOREIGN LOCAL ' , 0] o 2
' COMPONENT | coMPONENT | SUB-TOTAL LOCAL FOREJGN LOCAL |  TOTAL REHARLS
¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000
1. Well Construction
Works
1-1 Well comstruction |4150 x 70m x 1 well 625 20 645 205 625 225 860
1-2 Pumping equipment |[Vertical shaft pump with
Installation heavy duty diesel engine .
475 x 6.5HP x 1 set 2,000 2,000 40 2,000 40 2,040
1-3 Pump house (W) (L)
construction 2,55 mx 5.05 mx 1 dwell 565 565 175 740 740
SUB-TOTAL 2,625 585 -3,210 420 2,625 1,005 3,630
2. Laying of
Conveyance Pipe
2-1 Material cost PVC, CLASS D, Rubber ring
75 x 804 m 3,137 113 3,250 3,137 113 3,250
222 Laying Pipes
" 249 249 511 760 760
" SUB-TOTAL 3,137 362 - 3,499 511 3,137 - 873 4,010
3. Distributibn Tank {Hume's Tank (H)
Construction Works [DIA. 6.0 x 2.1 mx 1 _ _
' reservolr 367 535 902 327 . 367 862 1,229
b, Layihg-of Distri -
bution Pipes _
4-1 Pipe material cost|PVC, CLASS C, Rubber ring _
’ $100 x 2,500 m 4,879 4,879 4,879 4,879
475 x 3,500 m 3,906 3,906 3,906 3,906
#50 x 4,900 m 2,696 2,696 2,696 2,696
Other material costs 2,689 2,689 2,689 2,689
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Table 3.9.b ESTIMATED CONSTRUCTION COST : VUNTCUICUT SETTLEMENT (Cont'd)

ITEMS

DETAILS

42 Laylng Pipes

SUB~TOTAL
TOTAL (Direct
construction

cost)_

TEMPORARY WORKS

TOTAL _

PVC, . CLASS C, Rubber ring
$100 x 2,500 m

475 x 3,500 m

450 x 4;900 m

Other Setting and
Construction Costs

MATERIAL

LABOR

6,359

17,610

FORFICN | LOCI T — ‘ KEMAT
COMPONENT COMPONENT | SUB-TOTAL LOCAL FORELGN LOCAL . TOTAL REMARKS
¥1,000 ¥1,000 ¥1,000|  ¥1,000 ¥1,000 ¥1,000 ¥1,000
1,338 1,338 1,338
1,705 1,705 1,705
2,352 2,352 2,352
2,188 2,188 857 3,045 3,045
11,481 4,877 16,358 | 6,252 11,481 | 11,129 22,610
17,610 6,359 23,969 7,510 17,610 13,869 31,479
1,621 1,621 5% of direct
construction
. cost
17,610 23,969 7,510 15,490 33,100
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Table 3.9.c. . ESTIMATED CONSTRUCTION cost VUNiKA SETTLEMENT

ITEMS ~

- DETATLS

1. Weli Construction
‘Works

1-1 Well construction

1-2 Pumping equipment
Installation

1-3 Pump_house
construction

SUB-TOTAT,

2. Laying of
Conveyance Pipe

2-1 Material’cdst

2-2 Laying.Piﬁes

SUB-TOTAL

3. Distribution Tank
Construction Vorks

4. Laying'of-Distri—
bution Pipes

4—1 Pipe material

$150 x 70m:x 1 well

Vertical furbine pump with
heavy duty diesel engine
$75 % 8.5 Hpx. 1 set

(W) (L)
2.55 mx 5.05 m x1 dwell

|Pvc, CLASS D, Rubber ring

$100 x 3,200 m

n

Hume's Tank (H)

DIA. 7.8 mx 2.1 mx 1
reservoir

PVC, CLASS. C, Rubber ring
$150 x 4,800 m

'$100 x 1,400 m

475 x 3,700 m
$50 x 2,800 m

Other material costs

MATERIAL -

) LABOR . TOTAL . . :
FOREICN TGCAL | v FTII R . TMARKS
- COMPONENT COMPONENT SUB--TOTAL LQCAL FOREIGN CLOCAL _ TOTAL REMARKS
¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000
625 20 645 205 625 225 850
2,000 2,000 100 2,000 100 2,100
535 535 165 700 700
2,625 555 | 3,180 470 2,625 1,025 | 3,650
10,340 760 | 11,100 10,340 760 11,100
1,112 - | 1,112 2,288 3,400 3,400
10,340 . 1,872 ] 12,212 2,288 10,340 | 4,160 14,500
628 914 1,542 558 628 1,472 2,100
27,682 6,918 | - 34,600 C 27,682 | 6,918 34,600
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Table 3.9.c. ESTiMATED,CONSTRUCIION'COST': VUNIKA SETTLEMENT (Cont'd)

“MATERIAL -

LABOR

TOTAL

11,315 =

ITEMS . DETAIL O 1.OC N B - - . o REMARKS
_ > DEIAILS PORLICN T | oL ENT | SUB-TOTAL | LOCAL 'FOREIGN | = LOCAL ~ TOTAL §
¥1,000] ¥1,000{  ¥1,000| = ¥1,000 ¥1,000 ¥1,000 ¥1,000
4-2 Laying Pipes._ BVC,'CLASS_C, Rubber ring'.
construction cost [4150 x 4,800 w
4100 x l,éQO m
#75 x 3,700 u 2,801 | 2,801 7,999 10,800 10,800
$50 x 2,800 m
{0ther Setting and
Construction Costs
SUB-TOTAL 27,682 9,719- | 37,401 7,999 27,682 | 17,718 45,400
1TOTAL (Direct: _ o R S ¥ S ;
construction 41,275 ~13,060 54,335 11,315 L 41,275 © 24,375 65,650
cost). ' ' ' :
TEMPORARY WORKS 3,350 3,350 % of direct
’ construction
cost
‘|TorAL 41,275 . 13,060 | 54,335 41,275 27,725 69,000
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Table 3.9.d. ESTIMATED CONSTRUCTTON COST : VUNIMOLT & WATDAMUDAMU SETTLEMENTS

MATERTAL

LABOR -

N : TOTAL
ITEMS DETALILS FOREIGN - LOCAL ah - : REMARKS
' COMPONENT COMPONENT SUB-TOTAL LOCAL FOREIGN LOCAL TOTAL RK
¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000
1. Well Construction
Works
1-1 Well construction |#150 X 70 m ¥x.2 wells 1,250 40 1,290 410 1;250 - 450 1,700
1-2 Pumping equipment g?no iump':ith
Installation lesel englne 2,800 2,800 ?
$50 x 3 Hp x 2 sets ’ J 100 2,800 100 2,900
1-3 Pump house (W) (1) .
construction 2.55 m x 5.05 m x 2 dwells 1,147 1,147 353 1,500 1,500
SUB-TOTAJ 4,050 1,187 5,237 863 4,050 2,050 6,100
2., Laying of
Convevance Pipe
2-1 Material cost PVC, CLASS C, Rubber ring : -
#50 x 4,100 m 5,802 298 6,100 " 5,802 298 6,100
2-2 Laying Pipes . Lo
" 1,308 ~1,308 2,692 4,000 4,000
SUB-TOTAL 5,802 1,606 7,408 2,692 5,802 4,298 10,100
3. Distribution Tank [Hume's Tank - (H)
Consiruction Works [DIA. 3.3 mx 2.1 m x 2 209 305 514 186 209 491 700
' reservoir '
4, Laying of Distri-
bution Pipes
4-1 Pipe material PVC, CLASS'C; Rubber ring
#75 x 13,000 m
$50 x 7,400 m 18,587 4,613 23,200 18,587 4,613 23,200
Other material costs
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Table 3.9.d. ESTIMATED CONSTRUCTION COST : VUNIMOLT & WATDAMUDAMU SETTLEMENTS (Cont'd)
| - MATERTAL LABOR TOTAL
TTEMS DETAILS FORE TGN T0CAL - . I - : REMARKS
_ COMPONENT | COMPONENT SUBleTAL LOCAT, FORETIGN LOCAL TOTAL
¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1, 000
4-2 Taying Pipes PYC, CLASS C, Rubber ring
$75 x 13,000 m
$50 x 7,400 m 4,201 4,201 11,999 16,200 16,200
Other Setting and
Construction Costs
SUB~TOTAL 18,587 8,814 27,401 11,999 18,587 20,813 39,400
TOTAL (Direct _ : .
construction 28,648 11,912 40,560 15,740 28,648 27,652 56,300
cost)

TEMPORARY WORKS 2,800 2,800 57 of direct
construction
cost

TOTAL 28,648 11,912 40,560 15,740 28,648 30,452 59,100
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Table 3.9.e. ESTIMATED CONSTRUCTION COST : NABEKAVU SETTLEMENT

. MATERIAL

_ N LABOR TOTAL
ITEMS DETAILS FOREIGH LOCAL - . - N . REMARKS
' ] COMPONENT | CotpONERT | SUB-TOTAL LOCAL FORE LGN LOCAL TOTAL
¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000
1. Well Construction
Works :
1I-1 Well construétioh $150 x 70 m x 2 wells 1,250 40 1,290 410 1,250 450 1,700
1-2 Pumping equipment Vértiéalfturbine pump with _
Installation heavy duty diesel engiie 4,000 4,000 100 4,000 100 4,100
_ $75 x 6.5 HP x 2 sets
1-3 Pump house (W) (L) : X
construction 2.55 m x 5.05 m x 2 dwellg 1,147 1,147 353 1,500 *1,500
SUB-TOTAL 5,250 1,187 6,437 863 5,250 2,050 7,300
2. Laying of
Conveyance Pipe
2-1 Material cost PVC, CLASS D, Rubber ring . _
' #75 x 4,300 m 10,160 640 10,800 - 10,160 640 10,800
2-2 Laying Pipes : .
\ " 1,537 1,537 3,163 4,700 4,200
SUB~TOTAL 10,160 2,177 12,337 3,163 10,160 5,340 15,500
3, Distribution Tank |Hume's Tank (1 - :
Construction Works |DIA. 5.2 m x 2.1 m x 2 568 827 1,395 - 505 568 1,332 1,900
reservoir '
4, TLaying of Distri-
bution Pipes
4-1 Pipe material PVC, CLASS ¢, Rubber ring
$100 x 6,500 m |
475 x 5,300 m 22,900 5,800 28,700 22,900 5,800 28,700
$50 x 7,900 m
Other material costs
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Table 3.9.e. ESTIMATED CONSTRUCTION COST : NABEKAVU SETTLEMENT (Cont'd)

. . MATERTAL _ LABOR . TOTAL
TTEMS DETAILS FOREIGN LO ' : BE : - B REMARKS
; CORBICH o | BOGAL op. | SUB-TOTAL LOCAL = | FOREIGN  LOCAL TOTAL HARK
¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000
4-2 Laying Pipes PVC, CLASS C, Rubber ring
$100 x 6,500 m o _
- 3,941 3,94 11,259 15,200 15, 200
b 75 x 5,300 m _ » 941 ’ ’
$50 x 7,900 m
Other Setting and
Construction Costs
SUB~TOTAL 22,900 9,741 32,641 11,259 22,900 21,000 43,900
TOTAL (Direct - _ : _ :
construction 38,878 13,932 52,810 15,790 38,878 29,722 68,600
cost) : ' '

TEMPORARY WORKS 3,400 3,400 5% of direct
construction
lcost

TOTAL 38,878 13,932 52,810 15,790 38,878 33,122 72,000
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Table 3.9,f, ESTIMATED CONSTRUCTION C0ST : VUNIVAU BUA SETTLEMENT -

ITEMS. . o MATERTAL LABOR T TOTAL _
DETAILS FOREIGN L.OCAL : : o - : {f
' o COMPONENT - | - COMPONENT SUB-TOTAL LOCAL, = | FOREIGN LOCAL TOTAL REMARKS
¥1,000 ¥1,000 ¥1,000 £1,000 ¥1,000 ¥1,000 ¥1,000
1. Well Comstruction . '
Works '
1-1 Well construction [#150.x 70 m x 2 wells 1,250 40 1,290 410 1,250 450 1,700
1-2 Pumping equipment. Mono pump’ with N B
Installation diesel engine 2,800 . 2,800 100 2,800
#50 x 3 Hp x 2 sets P : 2, 100 2,900
1-3 Pump house (W AL .
" construction 2.55 m x 5.05 m x 2 dwells 1,147 1,147 353 1,500 1,500
SUB-TOTAL 4,050 1,187 5,237 . 863 4,050 2,050 6,100
2. Layiﬁg'of
Convevance Pipe
2-1 Material cost PYC, CLASS D, Rubber ring | | |
450 x 3,000 m 5,050 250 5,300 5,050 250 5,300
2<2 Laying Pipes N : _ _
" 948 . 948 1,952 2,900 2,900
SUB-~-TOTAL 5,050 1,198 . 6,248 1,952 5,050 3,150 8,200
3, Distribution Tank ' Hﬁmefs Tank {H) _
Construcition Works [DTA. 3.0 m x 2.1 mx 2 179 261 440 160 179 421 600
- ' reservoir
4. Laying of Distri-
bution Pipes
4-1 Pipe material PYC, CLASS C, Rubber ring
$75 x 8,000 m
$50 x 7,300 n 12,900 3,300 | 16,200 12,900 3,300 16,200

Other material costs
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Table 3.9.£, ESTIMATED

CONSTRUCTTON COST : VUNTVAU BUA SETTLEMENT (Cout'd)

. T ] MATERTAL T iamor T “TOTAL T
iM DETATL [ FOREIiCH TocAL TS : . c
| £1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000
42 Laying_?ipes _ PVC, CLASS €, Rubber ring |
o E #75 x 8,000 m : _
#50 x 7,300 m 3,137 3,137 8,963 12,100 12,100
Other Setting and
Construction Costs
SUB-TOTAL 12,900 6,437 19,337 8,963 12,900 | 15,400 28,300
TOTAL (Direct : - o S
construction 22,179 9,083 31,262 -~ 11,938 22,179 £21,021 43,200
cost) o _ : : .
TEMPORARY WORKS 2,200 2,200 5% of direct
. : ' lconstruction
’ _ cost
TOTAL - 22,179 9,083 © 31,262 11,938 - 22,179 23,221 45,400
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Table 3.9.g. ' ESTIMATED

CONSTRUCTION COST : VUNIMOLL VILLAGE SETTLEMENT

NATERIAL -

151 -

CITEMS N B * j_ LABOR _ TOTAL .
. DETAILS FOREIGN _ | LOCAL, . . - A IMARKS
' : o COMPONENT | CoMpoNENT. | SUB~TOTAL LOCAL "FOREIGN LOCAL TOTAL REMARKS
T ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000|  ¥1,000
1. Well Construction o | o _ L |
‘Works ' $150 x 70 m x 1 well 625 20 645 205 625 225 850
2, Casing and_SCreen' ¢13'x 2 Stopeocks 37 37" 16 53 53
Stopcock "Construc~ . :
tion ' '
3. Panel Tank ' FRijade;'éffective o o __
Construction Works |capacity : 2.5 m3 618 328 946 64 618 397 1,010
4. Shower House : (W) L) _
Conmstruction Works {2.4 m x 2.4 m 11 50 61 35 11 85 96
5. Distribution Pipe [Polyethylene Pipe
Installation Works 425 X 9 m
. o oy dos _ 7
Ve #25 x 18 m 12 12 6 12 6 18
seP 425 x 1 m ' ' '
SGP 13 x 12 m.
6.  Drainage Equipment |For. Sewage
Installation Works [PVC . - 475 x 6 m - :
PVC. $100 x 12 m 56 30 86 23 56 53 109
PYC 150 x 12 m
7. TFoot Operated Pump H;= 30 m
Installation Works [Q = 1 - 1.5 w3 /hr 500 500 5 - 500 5 505
8. Miécellanéous ‘ o o
Works 8- 8. 41 49 49
TOTAL (Direct Construc— o - |
tion Cost) 1,822 473 2,295 395 1,822 868 2,690
TEMPORARY WORKS 210 210 - BY% of direct
' ' : : ronstruction Cost
TOTAL 1,822 473 2,295 395 1,822 1,078 2,900
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Table 3.9.h. ESTIMATED CONSTRUCTION COsT FOUR OTHER VILLAGES (9 WELLS)
_ _ MATERTAL LABOR _ TOTAL
ITEMS DETAIL TORFICH = . — _ ‘
I ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000 ¥1,000
1. Well Construction . _ i _ : . .
Works $150 x 70 m % 9 wells 5,625 180 5,805 1,845 5,625 2,025 7,650
2. Casing and Screen #13 x 2 stopcocks x 9sets 333 .333 144 477 477
Stopcock Construc—
tion
3. Panel Tank FRfLmade;_effective :
Construction Works | capacity : 2.5 md x 9 sets 5,562 2,952 8,514 576 5,562 3,528 9,090
4. Shower House (W) (L) . _
Construction Works [2.4 m x 2.4 m x 9 dwells 99 450 549 315 99 765 864
5. Distribution Pipe |Polyethylene Pipe
Tnstallation Works ’ $25 x 9 mx 9
PVC 425 x 18 mx 9 108 108 54 108 54 162 -
SGP $25 x 1mx 9 '
SGP 13 x 12 mx 9
6. Drainage Equipment | For Sewage
Installation Works | PVC $75 x 6mx 9
PVC $100 x 12.m x 9 504 270 774 207 504 477 981
PVC #150 x 12 mx 9
7. TFoot Operated Pump [H = 30 m ' . _
Tnstallation Works |Q = 1 - 1.5 m°/hr 9 sets 9,500 4,500 45 4,500 45 4,545
8. Miscellaneous
Works 72 72 369 441 441
TOTAL (Direct Conétruc— . : ’ .
tion Cost) 16,398 4,257 20,655 3,555 -16,398 7,812 24,210
TEMPORARY WORKS 1,890 1,890 5% of direct
construction
_ cost
TOTAL 16,398 4,257 20,655 3,555 16,398 9,702 26,100
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Table 3.9.41.

ESTIMATED

CONSTRUCTION GOST : $crooLs (4 SCHOOLS)

TTEMS

DETAILS

Works

SUB-TOTAL ~

1.° Well Construction

2. Mono Type Pump

3. Pumphoﬁse Congtruc~—
tion Works

TEMPORARY WORKS

$150 x 70 m x 1 well

A0 ¥ 3 KW x 4 sets

MATERIAL

LABOR . TOTAL
oSNt | GoSmeNENT | SUB-TOTAL LOCAL FOREIGN LOCAL TOTAL REMARKS
1,000 £1,000 ¥1,000 ¥1,000|  ¥1,000 ¥1,000 ¥1,000
625 20 645 205 625 225 850 3 wells already
constructed
5,600 . 5,600 40 5,600 40 5,640
565 565 175 740 740
6,225 585 6,810 420 6,225 1,005 7,230
370 370
6,225 1,375 7,600
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CHAPTER 4 JAPANESE COOPERATION






4-1,

CHAPTER 4, JAPANESE COOPERATION

Qutline of Proposed Asslstance

The objective of the present study is, on the other words, to search
for efficient measures of financial aid'that Japan can cooperate to
assiét the Fiji deernment_in the rural water supply developmeht

plan through a groundwater devélopment project in Vanua Levu Island.
As financial assistance is considered most efficient, the present
study was focussed on estimation of construction cosfé and listing

of neceéséry materials and equipment for the objected higher
priority area in Vanua Levu, through the basic design of water

supply system for the area, also, on identification of major important

points dssociated with the fulfilment of the project.

The study finaily comes to a conclusion that if the project is
undeftaken by the Public Works Department (PWD) of the Fijl Government,
the total construction cost for the water supply facilities planned
for six settlements, five villages, and four schools covered by the
present study would be about 315 million yeh, of which 173 million yen
is estimated as the foreign costL component for imported materials and

equipment..

Regarding the majbr items suggested for financial assistance, one
set of well drilling machine is considered to be the highest priority.
Since pumps and water distribution materials are indispensable to the
establishment of the water supply systems, their foreign component

also presents a prior item for financlal assistance.

1f assistance is finally determined as Japanese copperation to the
request for assisting the rural water supply development plan at
Vanua Levu, financial assistance for the purchase of materials and

equipment required for the project seems most adequate and efficient.
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4-2. Materials and Fquipment Suggested for Aid Scheme and Cost Estimatien

4-2-1. HMaterials and Equipment Suggested for Ald Scheme

(1) Water well drilling rig, air compressor, test pump, tender

vehicles and tents for well drilling and pumping test.
(2) Pipes for water distribution.

(3) Well pumps.

(4) Water distribution materials for the model settlement
(Vunicuicui) and distribution materials and tanks for village

areds.

(5) Spare parts and supplies for two years.

4-2-2. Decisive Factors in the Selection of Materials and Equipment

(1) Well drilling rig and ancillary equipment

The choice of well drilling rig of proper type and capacity
was made with careful consideration of the topographicai and
geological conditions of the project area, as well as the
experiences and request of the Fiji Government and local

officers.

Geology of Vanua Levu Island is mainly comﬁosed of volcanic
rocks and sedimentary rocks, and its topography is characterized
by the existence of numerous hills. The investigated area is
1dcated near coasts in the south and northeastern parts of the
isléﬁd, which coﬁers an.alluvial plain of lowland river basin

in the center pért, and dominated mainly by inter—hill basin.
Under tﬁese circumstances éelected.machings_should be sufficient-
1y -powerful type suitable for mountainous area. In addition,

the rig shall be able to move in a limited site of comparatively
small area. For these reason, it is suggested that the drill

rig shall be mounted on a 4 x 4 wheel drive truck as carrier.
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Asg for the method of drilling, the hydraulic rotary me thod -
usiog direet mud circulation system is considered. safe and
most'approptiate. However; to cope with the volcanlc rocks
'zthat ereoOEten_encountedred in the area, the ailr percussion

. drilling method is reoommeﬁded to suppleoent the.ebove—
described-rotarylmethod To eneble the above two drilling
methods, 4t is recommended to’ specify hydraulic top-head
drlve drilling rig. This type of rlg has a property that the
-eizes aod combinatjon of drill strings can be easily adjusted
to fit the desired drilling method. The number of bit
.rotation,_feed pressure, and feed speed can be freely adjust—

ed for the utilization of air hammer in rocky conditions.

For air-hummer driliing, bit rotation should be freely
‘adjusted in the range of 10 = 30 r.p.m., and fine adjustment of
feed pressure and speed should be feasible, Thus, instead

of hydraullc motor, hydraullc cylinder type feed system was

' chosen B In order to avoid overload of truck, 'a separated
traller mounted ‘air compressor was selected. This type

of elr comptessot oan be placed away from the rig, so that
ﬁegetive.effecté of excessive noise and consequent danger

can be substantially reduced

" The Unlversal rigs presently used in Fiji which were donated

by the Government of Australla have different functions but

_ similar. operatlon method with the above- —-described rigs. Fijian
englneers, thus, can e3511y get used with the reoommended

rig. ThlS ch01ce of rlg is also in accord with a strong
.:request by the senior englneerlng offleer of MRD The
Jfol]ow1ng anc111ary equipment is also chosen’ with careful
'con51deratlon of geographlcal conditions and existing experiences
from ‘the. rljlan englneers Efforts were made to select and
de51gn two types of drill pipes of 3—meters 1ong, one is suitable
for air hammer and the other for mud rotary method, in order to

. minimize impediments of the air hammer operation.
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Regarding the. mud ciroulation me thod of.rotary drilling, three
.:cutter'rock bits of sizes 146 mm, 194 mm, 245 mm and 311 mm
are recommended so that operation can be made on geological
conditions ranging from soft to medium hard formations. In
the case:of hard limestones and hard velcanic rocks where
the_drilling ie difficult,-temporary caslng of superficial

_strata rS'recommended'before changing te air hammer method.

The air-drilling method has .an. advantage in that the condition
of ground water can be detected during drilling. The TC
.insert type are recommended to cope with extremely hard rocks.
Besldes, a dumper sub "ig suggested to fit under the drill
head to reduce shocks caused by air hammer. On‘the other
hand, regarding pump for testing, submersible type with diesel
generator is proposed inaresponse_to a request from the

Fijian engineers.

Considering_high possibility of salt water penetration in a
_nnmbercof sites’in Yunika and hot spring areas, a simple
-singlemchannel'well logger with resistivity and spontaneous
potential.modules was chosen. Additional module for the

temperature log is also included.

The_comﬁletion of wells is carried out mainly by air lift
metﬁod.'“HOWever; as.jettling has shown considerable results
“in Fiji'and'in reSponse:to.a'reqoest from ‘the Fijian engineers,
high preseore pump of.duplex type'is recommended for jetting

development in this project.

Proposed tender vehicles are:to meet the minimum requirement.
Cargo truck with HIAB type crane is for transportation of
nachlnery, pipes and water for constructlon use. The main
reason. for the. choice of HIAB type crane is that by using arms
1nstead of ‘winches in hoisting,- this type is less dangerous
and easy to handle according to Fijian practlces in the past.
Pickup truck is recommended first, for the transportation of
drllllng and constructlon crew and daily supplies and, second
for the reason that Fijian department nas serlously shortage

of vehicles.
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‘Sheets ‘are to protect PVC and other supplies in the project
field from direct sun light, Tents will be used as shelters
for temporary mobilization, Locally produced shelters can be

‘used instead of mobil~houses at work.

(2} Well construction materials

" Recommended well construction materials consist mainly of
“temporary casing for caving fofmation, PVC slotted well screen
and PVC pipes. Among'ﬁheSe materiéls, Fiji-made PVC pipes
may be prepared to meet the demand of 20 wells planned for
construction. These estimates were made by assuming 120 m

of depth for an average well. Approximately 50 m of depth
for wells will be Uncaséd'Because of hard rocks, but 30 m of
blind pipe .and 40 m of slotted pipes are assumed to be used

4in an average well constructed in unconsolidated formation.

' The demand of well in Vanua Levu Island is forecasted to be
-largely increased in future when the development of Seaqaqa
is realized. For this reason, 20 units of well construction

materials are planned for assistance to this project.

It is desirable that Fijl can produce PVC screen in the near
_futufe._ For this purpose, the slotted pipes donated by
'Japan'mﬁst'be used as the sample so that local facility can
process slots in future, and for this purpose a éimple sloting
machine from Japan, if available, would contribute greatly to

this achievement.’

(3) Well pumps
The choice of pumps was made with consideration for the quantity
of water, water‘levél, and maintenance. From the Fijifs side,
" the first priority is in principle for gravity water supply,
and the'Fiji Goverrnmient tends to conmsider pumped water supply

 ‘of the second priority

It is the engineers view that at the small village level foot-
ope%ated_pumps are adequate. And for populated settlement

areas where operation and maintenance will be undertaken by
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locél inhabitants, pumos with diesel eﬁginés are recomﬁended.
Sveciallv, for Such sett1ements 11ke Vunicuicui where-p0pulatidﬁ
and punping water quantity is large, the deep well turbine pump
with appropriate diesel power unit is suitable; while for set-
tlements with smaller water demand, Australian made Mono pumps
- are choseﬁ. Mono pumps which have been effectively used in
Fiji have small capacity but high pumping head:. Fiji auvthori-
tiesg stroﬁgiy requésted the adoptation of these Mono pumps
fbﬁ.gpﬁveﬁienge in maihtenance, in addition to tﬁe popularity

of the Mono pumps, in Fijim

Ménolpumps are submersible but of positive displaceﬁént type
_and gaﬁ'run ét low speed and 1ift water to high level, due
to constant amount of water is displaced in each rbtatioﬁ;
Owing to these properties, this type_df pump has been widely
uséd,in projects of dévelopihg cqﬁntries. These pumps are
aiso méde'in England, but associated price and maintenance

costs of Australian-made ones are more reasonable in Fiji.

Foot opérated"pdmps afé considered  suitable to village water
‘supply systems for the foliowihg properties. First, their
-submersible pumping Pért does!not require preservétiqn.
Secbnd, their on ground drive piston not only can be maintain-
ed by exchanéing a‘few'parts each yéér but the part replace-
ment can be eaéily handled by villagg inhabitants, Besides,
“the insﬁallation Qf'these'pumps does not require sophisticated
equipmeht._. Thesé.pumpé can be set at 30 m in depth from the

land surface and can lift water to the elevated tank.

(4) Water distribution materials
Eegérding'wéter distribution materials, PVC pipes and Hume's
.fank sufficien£ for the establishment of the system in model
' area at V&nicuicui settlement are recommended. This decision
Wasrbaéedsbn limited budget scale and expectation of movement
't6wafdé self;help in the settlement. Except a small portion
of-sﬁecial valves, recommended distribution materials consist

‘mainly of Fiji-made items.
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