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Water Resources Development in Small Isiands
 
Perspectives and Needs*
 

ROBERT S. GOODWIN
 
Caribbcan Development Bank, St. Michael, Barhado,, West Indies
 

The paper reviews the special prohlems of small islands in the icid of water resources development. The mode ofoccurrence of surface and vroundwaer resources in the smaller Caribbean llands is described along 'Aith the problems
which arise froin unfavourable hVlrological conditions. 

A brief survey is given of the ,ari-us types of water supply systenis ,lhi.-hhave been developedt to meet the requirements ofthe resilent popul;ttion a.nd the tourist sector of the islands. Institutional deficiencies are discussed as they relte to theproblems being experiec.cd in the mianagernent of public water supply agencies and the conservation of water resources. 

1. INTRODUC-FION TABLE I 
The put pose of this paper is to review the status, Area and Pepu!ation of Small Islands in the
 
problems and strategies of water resources Caribbean
 
development in the smaller islands of the CountrY 
 Area PopaionCaribbean with particular reference to the 12 (square miles)island-states listed in Table I. Two of these .. . .
 . .
island-states are located in the north-western Anguilla 35
Caribbean region, the Cayman Islands being Antigua 108 

t500 
72000

approximately 8) miles it)the south of Cuba and 
British Virgin Islands 59 9000Montserraz 39 14 100

the Turks and Caicos Islands approximately 90 St. Kitts and Nevis 101 5.)000miles to the north of Hispaniola. The other islands Dorrinica 290 80 000 are located in the eastern Caribbean within the St. Lucia 238 123 000 
rot -ilv semicircular chain of islands (known as the st 'Vitent I50 107 00 

GrenadaLesser Antilles) which extend from Puerto Rico to 120 1101000Barbados 166 250 000the north-eastern coast of Venezuela. Cayman Islands If)0 15 000

In this context, the term 'small island' is used to Turks and Caicos

define an island with an area of less than 500 Islands 193 7500 
square miles and a population of less than 
500 000. Table I also shows the area and 
population statistics for the group of islands being 
considered in !his paper. 

*This paper wasr presented at the A,rerikan Society of Civil Engineers National Specialty Conference on Water Supply-The
Management Challenge, Tampa, Florida,14-16 March 1983. 
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. PHYSIOGRAPHY lens is a function of net recharge (replenishment

The physiography of the islands r,.-veals two distinct minus pumpage). the permeability of the aquiferformation andtypes. Within the Eastern Caribbean 	 distance from the shoreline. Twogroup MOM tyiaexmlsregvnnare of volcanic origin with high mountains wihtch 	 Fig. Ishwnradiate outwvards volcanic centr tyic il examples given infrom rnuhltiple 	 InrerTe otwadsfr mil s m n innl lens 	 showingt hickness,-scp.os ronf man and of ahout feet(.a 	 5 in
The other 	 60 feet in Barbados. Theislands are mainly Composed 0f lBarh,dos example demnstrates the effect oflimestone derived from reef-building corals. Theseislands tend to be clongated in shape and are h pumping-upcomingrelief-Ithe highest point on mans of them e 	

and a widening of the 
less than 	 transition zone in the area of the pumping well. InIhigfeet aiove (isea level. -ime 	 of the smaller islands, netdistances from the rechare and/orshlreline assume such small3. WA T IR 	 proportions that the freshwater lens is of negligibleF.S(I R(J'S thickness and the transition zone of brackish waterRainfall in the islands follows a distinct seasonal extends to the -aterpattcrn "ith adry eason during the first half of the 	

table. This is the situation inAnguilla parts of Antigua and some of the islandsyear and ;1rainy season during the latter half. The in the Grenadines and the Turks and Caicos.v,,icanic islands enjoy relatively abundant rainfallalthough with pronounced spatial variations. 4 W SUPPLY SNYSYE MS
Averagcs of around 10) inches per year
typical. Il 	 arethe limestone islands, rainfall is much The convent'onal water supply systemlower and ranges from albot 27 inches per year in 	
in the

islands are threeof basic types. Systems whichthe Turks and ('aicos Islanj<, to about 0) inches in utilize surface streams consist a smallB3arbadLI s. 	 of intake 
Surf-ce water rcso trccs t,ccur as small streams 	

across the stream, a raw water main to the
treatment plant and a transmission and distribudraining catchnien ,irc;isof limited areal extent. tion network. Intakes are usua!ly loated inIn the more InuIrIa;inoUs islands. str,'Ains are 	

the 
steeply sloping and tllly 	

ipper reaches of the catchment where the qualityin narro w alic.s. of the rawBecause of high rainfall in the ca ichiment areas. prom human 
water is good and the risk of pollution 

most waste is minimal. In the smallerof the streams are perennial alhough wilh
significant flow, variations Llichitcd b 	

systems, vater treatment is mostly by sedimentathe scasonal ion and/or chlorination although in the rural areaspattern of rainfall. In Ih,. dr, seaston.stream -fiow's 	 avralge -me systems hav.eare generally less than 5t 	 no provision for treatment. For,,,of wet 
flows. 

tlh 	 large svstems serving the urban areas. fullseason Diminishing div seaston flows have treat mentbeen reported from some 	
is provided consisting of coagulation,catchmient areas Mhre sedinentation,deforestation is taking place. 	

filtration and cnlorination.In one catchrnent The main problem faced in operating thesealrea in Doninica. for example. deforestation has surface-water systenis arises frombein accompanied by a reduction in average dry 
the substantial
 

weather fi,ws 
variation in veidl which occurs as a consequence of
from -1 L)million gallons per day fluctu ating :,tream-flo,,s and the lack of storage at(nigd) to I.0 ingd. This prohlcn is of specilsignificance since suitable 	
the source. In the dry season. maximuin demandsites for impounding coincides with minimum supplies and waterreservoirs are non-existent. shoriages are experienced.In the limestone islands where rainfall is lower Groundwaterand the subs.)il 	 supply systems consist of amore permeable, groLndwater production well andusually constitutes the main of supply. It 	

a transmission and distribusource tion network wvith chlorination usually practiced asOccurs as a two-density system with freshwater in a precautionary measure agai:the 	 t possible pollutionform of a thin lens floating on the heavier 
seawater. 	 by human waste. In order to control saltwaterSince the two liquids are miscible, a intrusion, drawdown has to be restricted to ansharp interface betwen the two is only a theoretical absolute minimum. The common approach to thisconcept and, in actuality, there is a transition zone probem is either to maintain very low pumpingof brackish water. The thickness of the freshwater rates or to use large diameter wells which 
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Fig. I. Exani les of groundwater in small islands. 

effectively skim the surface of the lens without any yield no more than 1) gallons per minute with the 
significant drawdown. Before the introduction of result that a large number is required to produce a 
modern well drilling equipment into the islands, reasonable supply of water. In Antigua, for 
the use of large diameter hand dug wells was example. a total supply of only 0.7 ngd is obtained 
common. Except in Barbados. however, this from 50) wells. In Barbados. on the other hand,
practice has now fallen into disuse and production where large diameter wells with horizontal adits 
wells are generally the standard mechanically- are used. a supply of 25 rngd is obtained from 14 
drilled small diameter type. These wells typically wells, the most productive of which yields 8 mgd 
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with a dravdi wn of only 2 inches. A schematic 
dr:iingot a t\pical tarbados well is sh ii HvnFig. 

lhe third t.,pc of s,ten' is the rainmatr 
Catchuient %,hiCh is used ehxtCnCivel in the smallr 
islands Ih n> ,urce ,tr1C.and,IIRI limited 
groundialrtr rc,etl_s.[tc householdheUstandard 
sy.sterll utlize, the rthf to c Mcct rlinV atcr %%hich 
is fed into a sor:t e tank. In ,,onaLc i,,l~ 1'iildlneidt,. 
regulatimns rquii the : .,nstruction ,fa roo>f 
cathni ent %',sten,"ith a storac tank f a 
stipulated nitiillnianl ,si/C tL1,allV 10-1 $ .:ll s 
per Square foot t'of rtf area) Purpose built 
rainoater eatcmhlents his e also( been conructed 
by public ,,ater suppl t in a niuiuber ofalCenics 
islands inCluding t dnd tliehc (rcnadines Turks 
and (Caicos These nornail,,% couisist of t concret,-
paveent from wthici rLIft., COn'V;ecd into a 
storage tank for distribution to coilSiniers. [he 
main dli(id,i nS cdLll o rainwater ca thInct 
schetes is the extensive catchnient area and 

Well Shuft- 4~~ 

fee!0 

-

A O'e, 

Secti,)n A-A 

4 feet 

storaIc :apacity required. .\ roof area of 300() 
square feet ild a storage capacit, of ) 000 
gllons are required to satisfy normal household 
niced,. In the ( ariblcan Islands. roof areas usually 
rarnge froml5i1!it 1 t arc feet :w 2H1) square feet and 
ilioti h id, are unaie to aft urtrage tanks 
o)i mo10rC than 12(11 4allti1S. RoIof Cathcllnt 
syt,lcis lhrcf rc show consideraible shortcom-. 
i,'is. 

,,ith linited freho. lter supplics. a few islands 
have <rlrcad,, h.n to toforc'ed sic.oil oll

i t n c of muppl.. In te t,late of St. 
Vi'ee! and hC ( ircntIii .,,. th. herine of ;ater 
bCt ell [te taill -,latd (St. Vincent) and tile 
(irenadin's is ,arricd tan ,iring the dry season 

1hlie supplies rW f etehnient vst1enn from 
hcaelli_' duilIi.tc to 'atisfy CVCn miimum 

dh itestic requiremcnts. InlAnti"i., a multi-stage 
flas!h de,'aliiiaio. plalnt was nstalled somc years 
icio but was liter iandoned hcausC of technical 
problems ani,high opeatirig costs. In the ('ayian 

j z.,r":Atw

(, rrjl L,mest )ne
4 

ee
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,- Hori.ontal Adits 

T :1, 


feet- 4 feet 

ju'feet 

Fig. 2.Typical large diameter well-Barbados. 
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 WAI.R RfSOI'UR( I:S IN SMAL.L ISLANDS 07
Islands. a vaipour comLpressior d.esalination platt shows collstilniption data for three islands with tieproNides a high priced (alroiut USg 2). I()per 1011itgallons) supply t) the tIlain tourist 

lme teIln rc,:olrde,d by St. l.ucia whi-h has adeelojpent ',\,stNIII
area. lhe Island, of ,nguilla 
ot universal metering. ('onsulmptionis r(, in fhe lUo.es's other t%%,) 

in the 
of installing a sIall I lit!s-.-N,,hcr, onlYreve is ullsis plant a Siall propi tion 
eX[cCLd i produce 21) f)U) 

hih is of d inlesrh..ciHI-tl, irt' ILte'[red--is more thangal s per day atCost of US 522.h)1 a iekte r.cordcd eve.l iniperr 1()1)I. Allons. St. Ilcia. 
the constructio iOf %,atersupply 

Io the, tourst c,.tr. , t, nlt, prion Ists.stcmsprl'tit,tcr tot irrig 
i ) ainl dc,-pnCIdent I thte stadard ofion has been Carried out to tourist;tCOnliltLditljlt) facilities.onI,, a linlcd ,\tcfit. In Barbados some Ilihlc 11shows that irlof the Barbados inlca irhr l r ts S% t I.luI (w.hich hoth have highlyhs IlId over-lies lhe_ 'CN-vepopl tourist inttlistrics), collsuiption rangesoroundrtat r ihjuter cxcaate theirownr .clls mil from 22 to .hV
 

install suppI\. sduring t.:rns it)irrigite vegetablethe dr% cutm cropsInI Antigua. a nunber of 
I )tn inica. ott the o therc haht. here.stid s ', hotelatre uch hUIIi,Ipitli-tLis htv e 

er. cotimintptiui 
1 is 80keen coinstruictetl across natural qphd.

",'atilcoursesi to impound storl runoff for use by
f*armers I eiral the..p.ittern of agricultureproductioti in ( - Il IF INS.I..I(I)NALI",I'IIN(GiLature the islands.ilh production heingis hightl seasonalco in)ifl riILmainly to Water resourc s de.%Clteh)ptltelt inthe wet seas,n wOhe'n raitnfall issufficient to satistv the islands isseverel, constrainedthe tltoisturc rc..i:rrutucIts ), twcak and inieffectivet crops. institutions. In most of tie islands, statutory 

. 11:IF corpratimiuR )N",I AI PI( )N PA I'I'RNS .have h et set up within the last.Cits to n1;1e1 lie illic w'ater stiupply systems. 
15 

The domestic and tourism sectors account
virtuall,, all oflthe wa<lter which is onstll 
fr lII the oth-r islands


ir... tilt<." d pirtitr jit1C lef
this 

th 
function isc.arriCdL 1-11bva"' of osg . ( iovernnent Ministries.islands. Phc iudutri:il sector is still limited and s'ifiniC institutrIir s suffer from ais series ofoifineil mainly ,Tisheyiii errel,!ted problemsto light tarnifactur.rs which uist Thev face constantlii iicn"ial difficulties hecaue of inadequate%nateronly, fir sailtar lpitip tariff.nid inefficieit.1hi hi ling and cillectiol s stems. Thein the domesticcategorx tiemtain factorstshic

determine the ILevel 
Imbaic princIple, that wate,.r supply charocs shouldof cktt'lption i are the
ieth )(I of, sppl r.h
whether by. lhoiise11lil c, 11111c _cove'rChutrging f,,r i costs h15 tI()t 'Vettin ('.public hxel atICLptenf( h 'h tile~ it%' public in thelit lii '_ ('ztribh
hNfpuhpli r the sieiIdi ciisiderilie pliticilinIslinds. %ktierutilities thcreforc facecharin' f ter (iy iid coinsut.ir resistanceoun 5 who use5 pub-;l ic whencver i tepts irte ld to restructure tariffs 

staii pips grteil ib ut 1)13 gv L msninper capita per daI ("gJCtf). For cotsurners with 
il i lte %%ih their requirtemm itts for finanicialho use c nne tii in linewide o I i l )leIfispar-ityve s ,the jiA d ata i n di c ates a m i litiei rinanciisir[cteenl cottsuip~iiitr t1v mtered ti ihim lifmid Itily theire presslig ia rc r,es~ in rlilite can enedsrit canll
constie yer , nltihe cnpaiy a charge, whichiridepnilentItif h i athLI stl daricthe aliol I 

ii iriportat functions!. of aer used. l"hiblc sch as wasteplantcoltrol.aidprcventative mainitenance of mnechanicalh drological iive tigaltions are 
iT\I1btecti lected. Mi(st utilities report s5,stetl losses 

neg
ofWater cinsumnption in Selected Island (Countries 

-1)and 5(% of production. but o:rly two
of thell are known to bhavie. all0ca:ed resources to a
('0 I,, 
5., -iteunr w, u t o o'nHoti /In)Ie.l fll ip Ssy'stematic progranie of Waste control. The 
(,

breakdown of nechanical plant cause d by a(s'pill lack of
5,p.,it) preveitative maintenance is a comoin fe;.,urc ofBfrados 


Dobnica ttility operaitions. In the design1172 
 133 netCw thesysteIlls,St. Lira absence of basic hydrological data results in crude122 
 arnd inaccurate estimates of yield ai'd, frequently,
fhe overpunping of aquifers. In one island, a 

http:oinsut.ir
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plant which was designed with a plementary monit ring programme to ensure that 

capacity of 3 nugd has neve: been operated at more pumpli.g w,lls do not ecCOimc affected hW 

than 30!, of the capacity because of a gross saltwater contamination. [Ihere are no effective 

over-estimation of the yield of the supply source. catch,.'ent controls and as a result. several 

treatment 

areas become sutbject to flashThe oveT-ltllping and associated salt.,ater catchmnwt hav 
floods, hieh sediment loads in streams. and acontanlinatimin of aquitcrs has ( :currCd in seCral 

rious eduction il dry , athcr flMS, caused bvislanlds. 
IIforcstition. effects ofWith coniidertlle fin ,ancial and technical 	 indl. im inatc Ilhe 

agricultural land use on ,.ate,r quality have Pot vetdifficulties. vkatcr utility mamagement in a sinall 
bccn sstcmatically evahatcd.island cnvironimcnt is inevitably a frustritinie 

experience, c mpund, d ly political interfere'ncC' 
lnd inladCqulatc remuneration leels. A ,Iitagt ( )N( .1I( )N!S 
trained staff is thcrefore common, cspciallv in 

critical areas such as tinantial and technical I his paper has atltellplted to r\ icev, the status, 

ta lht, lprdhlcuns and ,tiaitgics of :ilter resources 
snaller islands of theInStitutinm.1I d.ficiCncCs mstsl,, represent i major dCve.,hliCnt in the 

obstaclC to tihe filancinl:'' of capital Cxplalsio n and C ariblcatn BeCLC,,e ,sinaIll siC ,ater resources 

,cl l inllpro, cul'cnt \rks which arc so urgentil. in these islands arcn se rvr liniin tlutite, ,nd 

requircd in ian of the s"mall ( iribbcan islands. occi under untixouralc Itlihological aind 

I)Deveopmetnt banks and other ail acencies are tpiograiphical conditioms. Ill sonc islands. surface 

linancial streams ar no-cxistcnt and gronltutater is of
understanudablv reluctant to provide 

xshich ioorl. 	 rrClitincaissista..C ton institutions te poor qua- \ I.CJx, iStherefCre placed 

!lldinagc1l and %,hich are uitblC to generate on root catchenictst, and desalillation. 
Although some progres has bwen nude in theadetuuitale rcne to cover even csetil 

Most of the ilands in the vclopnicnt of .;atr resources. aoperation and lailnte:,t.e costs. 
find themselves in a vicious crclc .A\s ncw.;. and more ef'fi,:iciit approach is nos\ needed,uLtilitics inox, 

the l;,iiai timclgt of x, ater supply
of ktericorates, r especiall, 

lencis and the ci,,elxlltll of"taitr renources. 
the quaiitv scrxicc pulic cspt- in 

tanc' to taritf incraes becotme more vociferols 
alrcud, ,tr ing political [he nCd for a m,,re_ eftitictit approach isand rcinhorcCs lhe 

resiStallCe to these iite1CasCs In ll r to obtain detotillllltlratd by the dctioCa'liltill', ittitil in the 

supply sector xhich Utanifst, itself in poor
iinanciil isi'tacC to C\pand and i:nlpm c the ,.ater 

ta sriffse plttniii; and systumlt oeritolti procedurcs. aqualit, otft' sericc. ho scer. increaed 
iinitlitxensure liinateil 	 nlininishing rc,ure bahone and sc rt ditficultics in

require!d to 

finaicial ailstatte.i for capital expansion
An incffetcti C apProai to tihe couc r%; intu of' obtainini 

water r ources is e' 'tmni throughout tile is lands and , Stell iflpit'vciliclit \xorks. 

and is closely Ic Lted to cxistinl, institulionil Ihtiw initediatet requ 'i ll.tll is for xxell managced 

rl o0lCni i, furthCr aitiravated by and fitanciall , viable institutions operating ssithindeficicies,. [his 
the absence: o! ce'irly defined olbijectives in the a rational lecal frainess irk. 

islumds ,crious supply deficiencies,area of water resources n:mgocilcint 	 and co l- Im the xxith 

f luind and there is smie so,pe for the uNe of rainwaterprehensivc legal cides for the cointrol 

utili.'ii low cost materials
s%ater resources. With a gerneral shortagce (i c:itchment schemes 

trained stalf and limitCd financCs. tihe functions both for the catchunient and the storiage facilitv. In 

of this regard, there is i iCed fir the dissenination ofxxhich are crucial to the o ,nservation watter 

resurces are conupletely neglected. Freshwkater ;nforniation otl available materials xlhich call 

cost of such schenies.lenses are therefore developed without a corn- miniimze tihe 
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