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ABETEACT

This repert describes the desipgn, installation, and resting of a solar
photovoltaic pumplng system on the atoll island of Pis—Moen in Truk State,
Federated States of Micronesia. The system uses twelve thircy-wate
photveltale modules connected directly o a centrifugal sump.  The pump
draws growudwater from a horizental well coersisting of & lencth  of
perfotated and scvocened PYL pipe, twenry feert long. DuTing a ooon cest at
full sup, at five Ifeot head, the pump delivered approximatelv eighteen grm.
Une mator preblem was encountered during the installation. This was the
agccurrence of recE rack at the water tahle at the [irst gite selected. A
second site proved to be satisfactory. Test holeg sghould always be duc

privr ta siing wells orn atoll islands.
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IRTROLUCTION

Truk State is cne of the four states in the Federated States aof
Micronesfa. TIr cousists of all the islands in Truk Atoll f{hersafter
referred tc as Truk), the Mortlock Islands scurth of Truk, and a number of
atoll dislands to the west and north of Truk, A1l of these islands are
located in the Fastern Carcline Islards roughly between 148° and 154° ease
iongitude znd 5° and %° narth laticude. The only high volcanic islacds in
Truk State are located within the Truk Atoll lageon. &ll the other islands
in the State are lfow and ceralline and are generally situated on the reefs
defining the warious atolls,

Truk enjo¥s a tropical island climate with an average daily
temperature of approximately 81° F. The average annual rainfall for Truk
is approxinartely l45 inches; however, the rainfall is net uniform and
distinet wet and dry seasons opccur. The rainfall may vary significantly
from year to year and droughrs are common, The climate on the other
ialands in Truk S5tate is similar, althouwph accurate weather data are not
availabla. '

Recently (1981) a chalera epidemic took place in Truk State. This
emphasized the need for safe patable water supplies and, ag 3 result, funds

from the U.53.A. became avallable For assistance with a tnumber of projects:

1, crnstruction of water-sealed railets

L1}

2. cynstructiaon of ferrc cement ralnwater stortage tanks

i, cinstruction of shallow solar—prowered {photuvoltaic cell} wells
{dinter, S. J., L. D, Mclleary, and R. D. Watrers, 1983, and
Winter, &. J. and L. D, McCleary, 1984)],

This progr:m was large In scope such that almest everv househeold was
provided with a water-sealed toiler and ferro cement tank. A well was
pravided din most villages having suieable groundwater resources.

The prigram emphasized the construction of tanks as It was recognized
that properly-maintained rainwater catchmeat/storage systems produce the
highest quility water supplies. Howewver, since the construction of
water—sealel toilets graatly increased water needs and since other needs
are not always for consumptive activities, groundwacer, whigh is generally
lower in quality, also plaved an extremelv useful role,

They served as a natural compliment to rtainwater catchment/storage
systems sinze the pumps were powered directly by the photeveltalc modules,
Ralnwater catchmentfstorage asystems function dutring cloudy rainy pericds;
the wells pump durding clear dry perieds. During extended droughts, by
vationing the higher quality stored railnwater for consumtive activities and
by making greater use of well water, water of adequate quality would alwavs
bEe availabla,

These solar-powered wells were desipned for household wuse; cthat Is,
their flow rate was rather low, atound | gpm., Hence, since only a limited
number were installed, cemparatively few households received the henefits



of the iual tvpe water system deseribed above. Because of the number ot
water—-sealed toilets in use and the sometimes difficulr problem of placing
a well in an area outside the Influence of the toilets, conslderatiaon was
given tn the use of fewer larger capaclty wells as sources ol community
water smpplies. This report describes a pilot project of this type.

ORJECTIVES

The principal objective of this project was to investigare the
feasibi’ity of utilizing photoveltaic modules as the power scurce Zor wells
serving communities in remste island areas. A second objective was 1o test
o0 3 community level the concept of utilizing the sun as a regulater of
watar sapply systems where water ia only required during drv periods as a
complementary supply to rooftop rainwater catchment /sterape systems. A
third objective was to produce a simple deskign for a shallew well tnar
eould e duplicated on a local lewal.

PUMPING 3YSTEM

Pagign Criteria

A number of criteria were used in arriving at the system design.
These Included:

L. sultability for use on atwll 1slands for on Tow flac sandy
coastal areas of high islandz). Atells are the arveas that
experience the severest waler sSNOTCLages.

2

wtilization of a shallow well capable of being dug by hand. This
itz the only meehod available in remote aTteas.

1. simplicity and ease of maintenance. These factors would
hopefully iacrease the lonpevity of the system.

b, utilization of a horizontal type well. This would skim the
freshest water from the top of the aguifer.

5. direct drive of the pump by the solar modules. HNo batteries
wiould he used.

o, utilization of a switch sp that the pump could be turned oll Lf
water Es not needed. This weuld increase pump life and prevent
waste of the freshest groundwater.

7. a yield of approximately 10 gpm at a total head of 204 feet {at
full sum). This provides 2400 gal per day for 4 hrs tull sun.
The intent i3 to provide approximately L0 gal/capira/day.

Ychematics of svstem electrical and hydraulic compecents based on these
rriteria are shown in Figure 1.



Stre Selertcian

Trulk Stacc was chosen as the general praject site " Lnsme anlar
todules ware available through the Rural Sanitacvion Fragram fhere.  Thesao
Wworg earmicarkad for use with solar pomping svetenms as part o7 Truk'e chalerd

eradication program, The island o€ Pla-Moen (Figure 27, lascated on the
marrier reafl surranmding Truk Atell, was chnsen as tite srecific prajoect
AT0e bacange its hydeepeologic characteristics would be similar co other
atoll fslancs and it was still accesslble by speedhoat from the maln island
20 Moen, Lecating the system oo [is=Moan {acilitated communicaticn and the
transpart af censtruction materials. Fig=Moen 1is the waniv pernacontly
inhabited i:=land on Ehe barrier reef. lts population s approxisatels 4800,
Stofs lecated at the narthermness = Dle af the reed (Filuuse 10 apprasinaecic

LS miten foem Moen.
Hardwire Seleoctinm

4 centritugal pump wias zelected hecause rthe characreri=rics (gooad Flow
ar forree law headst were apprapriate {or thls lecsilor. A groumd! mounged
rather ghan subserasih!la pomp wis ufad becaase Lo owas thowsld a0 e cazsier
To 3etice, Specifically, o apall LI0IOSNS 346 wole DG, ) beeesepower
Jual dmpeller centrifungal pump manufactured e the AY. MePooapaald o
wais solected. Referring ¢o the characterisarice enrves for rhis pamp (5 Dpere
Sry Ehe mxpected Thow oar 238 feer head was aremmd 20 g, sing the IO vl
cusve, and cround M ogpm, using the Thownlt curve.,  Alse rederring oo tbeso
curves, the power rtegquired at ¥ wvoles wos artound 400 watts and, at i
viales, arcurd ADN watts., It is noted that, hy limitine the —~nwer sappl
ta the pump, the flow would he limited.

W
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Thirew watt svlar moduies manofacturae - rhe sew-defance salar Tewer
Corprration were wsed because of chelr avallabilicr -ooe the lrooe Staern

goversment. The output of these nmodoies 1o ful’ sur s 143 amps oor D504
valts. Twelve modules were wired & in parallel znd & v aeries (Figure 5.
ta prodace an estimated 11.7 amps at 3008 wolts {aorinal 360 watcs),  The

actircipated aperaticg point of the pump at full sun s shown on the
characterclslles curves {Figore 41, Thus, the pump was expected ta provide
1round 13 grm.

MC pinre wasz used for botrh the well componer-s smd for clectrtical
cowliit priTvarily hecauwse it 15 so0 easy to work with.,

Canstruction

A trench 20 feer long was dug for the skimming well. At vihe tirss
lacarion melecked, reef rock was enconnfered a tew inckes helow the water
raisle (4 Fast below ground surfacel. The second locatioan proved te he
sarisfactary with reef rock ceccurrineg appruoxlumacels I feet helow the water
table (Figura AY,

A 2l feet long piece of 4 Loeh TWV0 pipe was pericrated v Wdrilling LR
inch diametcr holes & cireumferentia.ly and © nch apart axially over thoe
eucire lenpth of the pipe {Figure 7). The pipe was then covered wich o
aomber of lrvers of [iberglass sereer which wersz secured teooat wIlEh Capper
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wire {Tigure 8%, This pipe was laid horizontally in the ctreuch  and
attachel by means ol a tee to a vertical price of f ineh 2V pipe.

7t was originally intended that the hovizostal portion of the well
would draln into a sump (Figure (). However, simce it was Impossibie to
dig through the layer af reef rock, the lower side of the tee conmecting
the horizontal pipe to the vertical pipe was simply covered with acreen
as capring the wertical pipe weuld have raised the horizontal pipe (0o
close bt the wator table. Even with this arrangement, the tee sti.l caused
tts end af the hovizontal pipe to he around 6 inches closer .o the water
tahle thar the other ead. The top af the vertical pipe was covered with a
cap pravided with a nele to accept the pump suctlon line.

The pump was mounted on a eoncrete slab (Figure Y% and fastened to The
slap with =taicless steel Solts. A plvwood box was provided ro pratect the
pump from  rain and wandalism. The suction line was equipped with = faoat
valve ard routed through the pipe cap into the wertica: well pipe. Since a
storzge rtank had net yet been constiructed, the discharpe Line was simplx
toted to an open area for measuring flow races,

The arrav was mounted an the roof of a home approxlmate’v Ol [oet
away fram the well (Figure .0). The arva: consiated af 12 molules att.iched
ta tabricated aluminum channels. The chamnels uwete tastened g Che Toal

with atainless steel lag scTews.

Number L2-2 wire was uscd to codnect the array Co i heavy duty waatier
resistant Pvl-encased switch Yorcated on the side of the house., HKumber -2
wire wis used teo coonect the switeh to the pump. [t was cnc.oued in
conduic and buriled.

Testing

Scme 2ifficuley was experienced in priming toe pump. Afeer g mupber
of attempts, it was ascertained that the fooat wvalve wWis not saabing
properly. In ocrder to prevent this situation fram occurring again [when
technica) personne! wewld net be available te trouble-shooc}, it was
decidec that the pump discharge line would be truked to the bettom af the
scnrage tank rather than the top. “he water in the tank would thus dnsure
that tte pump remained primed even if slight leakage through the fout valwve
oreurred. This procedure would have the disadvantage, hewever, that It
would te impossible to hear water heing discharged intoe the Lanv,

Because nof :ime constraints {and available cloud free weatherz], it
proved to be impossible to conduct axtensive tests an the pump. Unly cne
test wis conducted at noon at fuwll sun. The tecal head on cthe pump was
around 5 feet and the measured flew was 18 gpm (Filgure l1). Raferring
again to the characteristic curves, this agrees fairly well with the
oredictad flaw. Tt was, unfortunately, impessihle to corduct drawdown
rests.



CONCLUSIUONG

Althovgh it 1s difficult bn draw flem conclusions because the system
has net haen thovoughly tested, many general observations can be made.
Grovadwater ls certainly availabkle on atell islands ia abundant supply and
can be rvesched by means of hand-dug wells. & heorizantal well is the
logical merood of Inereasing well capacity without increasing the salinity
of the water delivered. Ewen thouph groundwater may be of lesser guality
than water derived frum ralnwater catr-ment/starage svystems, 1t serves as a
valueable back-up source, especially diucing dry periods.

Twa significant problems were experienced duricg the courze ol the
projecc. The firs: was the encountering of raef rock at the water talle,
Freviaus stuedies (Avers et al, 1984) indicate that rhisz iz mosrt likely to
pocur on the acean side of an artoll island.  Nowever, a Yirm answer <an
onty e pbialoned by digping a few test holes. This is =asv in the sandy
atoll [sland soills.

The second problem that occurred was in priming the pamp, Twa shvrious
alternatives to the proscnt system exist. (ne is to use a seli-primicg
pum»; the other 1is to use a submersible punp. Bath Jdesarve asceriooss

cunsideratinm.
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Figure 2, The island of Fis-Moen.
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Map of Truk Atall showlng project site.
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Figure °. Schematic of arrvay wiring.

Figure &, Dipgping the well.




Figure 8.

The casing
plpe.

covercd with fiberglasg screen and artached to the &
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Figure 9, The rump insta’lation.

Figure 10, The orray.
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