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rhis paper t.scri!,-, 'he .haractcri,,i,'s and problems of ,vwa:er reoLirc, and water suppi. s .inms in tie UnitedStates Virgin Islands and indicatcs the %%aysin shich th se are shared b%other small islands of the (.aribhean andWest Atlantic. The histors of dcvelopment tof thc ssatcr -,upply. includin._ groundater. desalination and barging, isdecribed as %%ell as supp.', and demand lactor. and manaee.rment of the ssstc:u. [nisituttona! isitics are discussed and
uie applcahiit. of Virgin I~ind experience to other i.and, ik anal%ed. 

Cot article Ltcril le%c iracti,,ktiqucs et ILNprotltncs ile ressources iquifetes et ties rescaux de distribution dcaud,mns lieslVierges amnricaines. II montre la !aon di'nt les autres petites ilcs des Caruibes ct de I'Atlantiqueoccidental partageni ces ressource, ct rtseaux Lie distribution .article fait I'historiquc de t',!pprovisionncment encau., v crmpris ICs caux Stuicrraines ci decrit la dessalinialin et le trar:.,prt par barges 11ctudie egalecnent l'ofirect la dernande et les piobicines de pestion. 11exarninc Its questions in.'tutionnelles et arialyse la manitre dont 
l'expriencc des Ile%Vierges pent i tic applique atix autres iles. 

L,,tc artnculo describ, !a ciracteriscas v los prohlemas del sumrniistro v recuris de agua en las las Virgenes(USA) e indica como los mismos prchlemas .e encuentran en o:ras pcquena iklas del Carihe cl Atlntico Oriental.El articuhi cuhre cl desarrollo hislrico Ucl sruminstro de agua. incluyendu agua subt:rranta. desalinizaci6n yiransporte rmaritimrn de agua..%anali.ia ! s asrecto- de la oferta y la deinanha de agua y la administracifn de lossist-rnas de suministro. Se discutl tarnhbi l), aspectos institucioiaies y la poiihle aplicaci6n de la cYperiencia ganada 
en otras tirca, g-ogrifica,.. 

1. INTRODUC fION whse respective land areas are approximately 
The U.S. Virgin Islands and othei small islands 32. 84. and 19 .square miles. Their respective 1981)of the Caribbean and West Atlantic ishare both census populations are 44 170, 49 280 and 24.80. common characteristics and comnion pro)blems St. Thomas and St. John arc composed al:ostwith res;pect to water resources and, in particular, entirely of steep rocky mountains of volcanic oroperations (f water supply systems. Located igin, some rising !(XX) to 1500 feet. In St. Croix,about I 10 miles east-southeast of Miami, Flor- several mounlains ise over 1001) feet in altitudeida, and 501) miles north-northeast of Caracas, but abou, half of this island's land area is com-Venezuela, the U.S. Virgin Islands consist of posed of largely allavial flatlands. The islands dis.mtore than 40 island; and cays. The inhabited play diverse ecosystems ranging from beaches andislands are St. Thomas, St. Croix, and St Jc':n irv thorn scrub of the lowlands to the deciduous 
'f1lmald Francois. P. E., is Director of Engineering. Virgin Island- Water and Power Authority, St. Thomas, Virgin iland.T'ermnce Thompson, P.E., is Environmental Project Engineer, Lnvirosphere Company, a Division of Ebasco Sen'ices Inc.,
New York. 
'OWoiabi Ajao is Research Specialist. Carihbean Research Institute, College of the Virgin ilands, St. Thomas, Virgin Islands. 
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forests of the higher elevations (Forman, 1974). Fragmentation of water supply functions
Monthly mean temperatures, ranging from among many authorities and lack of coordi

73°F to 83F, arc moderated by easterly trade nated planning and management;
winds. The average annual rainfall overall is 44 Fiscal policy .,ich does not reflect the true
inches per year, distributed between 50 to 60 cost of water in pricing.
inches at the higher elevations and 20 to 30 inchesat lower elevations. Rainfall is highly variahlc on Thee,. problems and others are presently being
atmonhy erelevations.Ranfromish lyevar onla mon thly basis h ow ever an d from 	 dealts withtiinl the Virgin Islands. While much progye a r to y ar, re nress needed,d d , h i anda d lthe experience s o si5 still 	 xp n c lessonsand potential evaporation rates exceed annual 
rainfall. Only small percentages of rainfall enter to 
the groundwater regime or become ruroff; the professionals facing similar problems on other 
rest returns to the atmosphere by evapo ranspir- islands of th, . Cazibbean and West Atlantic. To 
ation. A few streams with drainage areas up io understand socme of these problems, it is helpful 

~~~lnd to review the 	historic development of Virgin Isabout if0 squareaboutmilesmiospeoritemitetonsn.aflow intermittentbi on each wate supare

island. Groundwater is a limited resource and is 
 lands water supply operations.
often mineralized as the bgh evant;tranmpiiation
 
rates concentrate chlorides aad other minerals in 
 2. HISTORY OF DEVELOPMENT 
the groundwater. There have aso been inci- The booming population growth of the 1960s and
dences of salt water 
 intrusior and septic tank earl' 197(0s (see Table I), precipitated by the 
contamination (Francois, 1980). 	 switch from an agrarian-based cconomy to one 

Manv' islands of the Caribbean and West At- based on industrN and tourism, created unpre
lantic share in common some of the basic opera- cederited demands or, the public water supply
ting conditions and problems found in the water • _-._m. The piol-lem was exacerbated by water
supply system of the U.S. Virgin islands. For losses due to the deteriorating condition of the
example, barging is presently being practised in public distribution system, large portions of which
the Grenadines and the Bahamas due to growing were installed in the 1930s and were badly cor
demand for potable water, limited water re- roded due to their saline environment. Desali
sources, and deteriorating distribution systems., nation wa; introduced during this period by the
Rationing has been necessary in the Britisli Virgin Virgin l.lands Water and Power Authority (VI-
Island,; and Antigua. Other islands such as the WAPA) to supplement the existing groundwater
Cayman Islands, St. Kitts, Nevis. and St. l.ucia and cistern sources. Aided by marginal increases 
will need addiional resources, capital improve- in groundwater production the overall result, as 
ments, and improved operations and mainte- shown in Fig. 1. wa a dramatic increase over a 
nance to meet the growine demands resulting short period of time in the amount of water being
from agriculture. industry, and tourism (Fladwen, supplied. The increased water production repre
1980). 	 sented a more thn doubling of capacity and in-

Sone of the problems encountered in Carib- troduced new challenges to the operating 
bean islands are listed below. The occurrence of authorities. 
these problems in the Virgin Islands will be ilius- Capacity continued to expand through the 
trated in the following discussion: 	 1970s primarily through desalination, but the age

ing of the desalination plants in the l'te 1970sLimited sources of fresh water and rapidl coupled with difficulty in obtaining replacement
growing demanJ; parts and lack of adequate maintenance programs
Power water accountability and revenue resulted in long periods of down-time. Combined 
collection, with periods of droughi, overpumping of well
Deterioration of distribution facilities; fields, periodic failure of the distribution system.
Insufficient and poorly sild storage capacity: . and the lack of adequate storage capacity, failuresNeed to upgrade the skills and capabilities cf of the desatlinion units resulted in frequent
operators; shortages and rationing of water. During 1979-
Difficulty in recruiting and retaining engineer- 1980, the (;overnment of the Virgin Islands %as 
ing personnel; -t forced to resort to biarging water from neighbor
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TABLE I 
Virgin Islands population growth 1960-1981 

Yer St. Fhomaz .51 'ror St. John rotals 
W, 16 201 14 973 925 32


1970 17 2:5 
 35 945 !921 75 151
1971 38 365 37 904 1985 78 311 
1972 39 3Nf 1 39 8710 20q0( 81 28"o193 4, 140 40 950 21)11 83 234)
1971 41 (-,5 41 92'1 2145 8- 730
1975 49 950 42 090 2190XI 95 8301i- 43 ( 01 224),-) 87 120 
,977 41 9M) 4.14845 224I5 89 ' ' 
1978 42 615 46 211 2355 911979 43 3S(4 47 750 2420 93 550 
1980 44 170 49 280 2480 95 93119141 44 86 50! 898 2523 9,%307Stourc \ rvim Nlslanrti' (l'cC of i'c., ti;ini and , rch" 

ing Puerto" Rico. In the 91 -S, peiod, as ;ho%%! 
in Table 11. VIWAPA installed 2.50 million Lal-
hons (MGD) of new desaliination capacity 01 St.
Thomas and 1.25 MGD on St. Croix. Ihk e. 
capacit. was ',uflicient to end the need forrationin!. 

Accountability did not kvcp pace with tl
growth in "ater production. System lca'Kage.
faulty metering, and illegal connections together 

x TABLF 11 
Virgin lslaiid Water and Power Authority 

water production capacity' 
ni Year .Vame plate iesent 

imtalled capacin' capacity 
(ga!lons) (gallot) 

St. floras
 
Envrogenics' 1974 2 250 (MX) 
 0 
BI1' 1048 2 5MX1000 0
 
IDE Id 19FI 1 250 WO 3(9) 0W
IM 2 19 1 1 250 XI I 31 M M10 
IDE 6 1%S3 551 0WO Due on line 

Sept 1983Sp 193
 
St. Croix
 
-nvjrogenics' 1974 
 2 250 000 1 I (0)IDE 3 1982 251 (XX) 1 300 (XX)I)E 4 193 550 )MI. Due on linec 

June. 19,s?
IIL 5 198 5511 M1 Due (on lir. 

Aug., 

.A,of I :ruar 11. i 3. 
E v'irogenis units nos I and 2 require major ic:roittin .M.I. I uwtt is p!uincd ii he surpluwd.
 
'DI lsacIi )rccahnrtion Engnc ring.
 

resulted in an iacountabilitv of onlv about 50%
,f the water prcduced. Revenue collection was

al:,o poor and, aN a result, system expenditures
far tutweighed revenues. 1982In for example, 

// I 
1/ 

LLa 
-
 -

FIg. 1. Water production and population trends in the U.S. Virgin Islands. 
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tile public tater system operated at a deficit of 
US $10.3 million. The annual deficits have been 
made up by funding from the Virgin Islands Leg-
islature and the United Slates federal govern-
ment, in effect as 'subsidies' to the operation. 

3. WATER SUPPLY AND DEMAND IN 
THE VIRGIN ISLANDS 

A review of the extensive literature on the avail-
ability of water resources in the Virgin Islands 
reveals a general theme that the islands are faced 
with a critical shortage of fresh water. Many of 
these studies and report,; are listed in Coffin and 
Richardson (1981) which reviews the subjUct of 
overcoming water ,hortaes. 

vate individuals also provide their own water 
from rooftop catchments and/or wells. Commer
cial water haulers sell supplemental supplies to 
residents and small businesses. The amount of 
witer available for distribution in the public sys
tem on St. Thomas and St. Croix from 1971 %) 
1,2 is shown in Table III (figures for St. John 
are not available). These figures to not include 
the amount of water produced by private indus
try, most of whom do not depend on the public 
disti'ibution system. 

Tlhe water demand on the three islands ishighly 
variable and is really coinditioned by the avaiiable 
supplies. The population growth, Table I,on all 
three islands since 1941 isshown in Fig. I and the 
anount of water available from all sources for 

The popularly accepted view of the Virgin Is- the distribution systein is also shown in that Fig
lands as a water-delicient area doe,, not stand 
scrutiny, howvcvcr. Coffin and Richardson (1981 ) 
cite the fact 1hat tile islands have an inexhaustiblc 
supply of sei, , tcr which can be turned into fresh 
wL,','r. ,,t a price. Furthermore, the long-term 
m n annual rainfall of slightly more than forty 
inches would suggest that, given adequate stor-
age. the Virgin Islands have abundant rainfall 
wJhich can he harveted. However, storage prob-

terns nccd to he overcome as periods o)f drought 
occur throulghout the ve;ir. 

The various sources of water aailable to the 
Virgin Ilands are: 

(a) Rainwater from catchment-cistern systems: 
(b)groundwater fron %ells" 
(c) surface impoundhlment: 
LIdIbarging from ulh.rto R~ico 

(c wastewatcr reclamiation, 

(f)desalination. 

The relatine importance of e:tch Of these sources 
varies with time and from island to island. Prior 
to 1963 whL ii the first desalination plant becane 
operational. the public water supply system was 
based on hillslope catchments and wells. Short-

wcre met by r, waterfalls in water demand rin 
from Puerto Rico. Subsequently there has been 
i shift in strategy by goi ernment agencies to in-
creasing dependence on desalinated water to 
meet the public water demand. 

In discussing water supplies in the Virgin Is-
lands, it is necesary to identif%at least four dif-
ferent suppliers. (overnment agencies provide 
water supplies for the general public. Some pri-
vate businesses pro~ide their own supplies. Pri-

tire. [here is no doubt that the demand would be 
much higher if the public distribution system was 
much more cxten-i e. For example, the public 
distribution system on St Thomas Lovers an area 
ol only three square miles out of a total of 
thirty-two square miles, or less than ten percent 
of the island. The total population served by the 
public distribution system isestimated at thirteen 
thousand or less than thirty percent of the total 
current population of approximately forty-five 
thousand. Water consumption data for 1982. Ta
ble IV show that ot the nearly 841 million gallons 
of water produced. t.e-ss than 40 million gallons 

TI'I, iI
 
WVater available for distribution in the Virgin Is

lands. 196-I982 (gallons x 10") 

7notp.1Ytar 7:. St. rmx 

It,RA N A N A 

lJ7T0 1.712 0.312 
1971 1.757 0(.4)9
19)72 l.X.4" 1.453
1973 0.877 .453 

1974 o.s13 0.612 

1975 (.891 0.674 
197(6 11.785 0.751 
177 u.443 0.832 
19178 01.407 0.-412 
1q79 0.311 .21A0. 
1980 (. 112 0.212 
1981 (1.557 1.275 
1982 0.81X) 1.438 

Sources: V.i. Office of Policy. Planning and Rescarch (1979): 
Black. Crow and Eidsness (1976). 
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Disposition of potable water 
"v 

in St. Fhomas -- 1982 
(gallons x J0")

.'ontic 
 Pot/b, d7stributin St)ndpip¢ 

Janarv 

Februar 

Nla,Aril 


JucJune 
JY 

September(Jclobcr 

Ncmr 

DCLCIn.r 


__.___,_,__-_increased 

.14 


2Accountability.17) 

7.o71.,1 5.3S..28 

62.4162 .4 0" 2."ii2. "11 

"2(1
(6 .51 

60.4 

732.1; 

-..sl,6
3 

221 
-,.2.1 

2 71 

'. I 

_ ..1,h.1 

tThe 

were sold at ,!alldpij):,' while niore than S00I) rmil-hion gallons were defivercd to tie pulic ristri-bition syten. T'hese quatitis show that se' cnvpeicent ,)fthe population ;hiich is not dlependenton the public Jiklribution o,,t em require less th..inlive pe'rcent of tle total water produced as sup-pleuiiental watro totheir rooftop atchicnts and 
cisivrn N,:emv.plt anu,. mrnd-haticr produced
pr \tley. 
 "Authority 

dh mutjor n st,ratrin 
 po din tanhe public

drihution ,%stvni.. or providing an adequate levelof set.'ice I' in;ideqttah. financing of the Systemfrom user chires or goverin cut appropriaion,,.The prin;n Fli' a!,,tnee(d, to be restructuredsuch that '.;iter (4r,oI the Ju)tiN,dItibution 
S',SIil tLce the tru ,.-,ist .%aIt in order(f to 
reduc the d cl ;iand o n th e s iten and m a k e it
Self-Su rr i g-

4. WAT1-R RESOU(RCES DIVFI.OPMENT 


[it October 1980. the Virgin Islands Department
If (onservatin and Cultural Affairs commis-ioned the devchoprnicnt of a Comprehensivc

ater Resources M anageme t Plan (CW RM P)
hich would be the basic planning tool forhort-term and long-term public water require-aents. The preliminary CWRMP report, issued 
April 1982, recommendsction that the short-term(FY 1983-1986) has two primary objec-

can only le increased in the Virgin 
an extensive programIslands sy'stnil through improved metering adpresently planned for the 

"
detection and correction of eaks and illegal connections. Improved collection requires morethorough accounting proceduresenforcement. and aggressiveThe second short-term objective of 
improving water quality requices Ipitad improve
ments which were identitied in the report, suchitsconvcrtin., the djtri hution systemgravity tced sysetn. to a itotal 

lo-rn plan iexpanding service which aimed at inproving andwill require additional 
sources ol potable water. Table V indicates therecommended source; of potable water for St.Croi.: and St. "lbionias !or the year 2100. (St..ohn' rclativel, nu ,desi water needs (ould
be
me-t by incrcmentA groundwater developmentand 'or modular rCvcrsw osmosis desalination unitswhich could he added as needed.) The rec'In"'" dation for the Iwo main islands recognizesprcsenl plans for desalination capacity under the 

ownership of the Virgin lands Water and Power
( VIWAPA) an,' :he proposed Govern

ment owned resoLirc-e rec'ery/desalination facilitiec.Thce two .'ources Aould supply most of the 

'..tu.f. SRu'mnmnendcd Virgin Island potable water sup
pl% sources ('car 2M0()' 

F 
- St. hrnat 

t'sai:i,,- 3jrS)a~atr 3.2 
"'cwtr 
 .5 
 .5
 
Dcsralmation
 

(Vi ovenmnt) 
 0.
(iroundwai45r n. 
 0 
lotal 

"'"
 
is k hc reliable cap'iYil.1tCrt 

:,,producing 
Ech SInc b "P" 

a greater quafntity but 1108d k"*standhy capacity to produc at ICt hiS a."W111. 

tives: (a) improhing the financial viability (oftheexisting system' and (b) ensuring appropriate
water quality CUI12M Hill Southeast, 1981, p. I7). The first objective could be achieved throughaccountabilit% of water in the distribu
tion svstem and improved collection procedures. 
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Virgin Islands* future water needs. This may not 
however be a realistic approach to water resource 
development for many Caribbean islands due to 
the high energy costs involved in desalination, 
The purchase price of VIWAPA's water, which 
is produced by low temperature, multi-effects tie-
salination, is about US $10 to US$1 /kgal (CH2M 
Hill Southeast, 1981. p. 2-3). It is estimated that 
desalinated water from the Government's pro-
posed resource recovery'desalination facilities, 
which would employ the multi-stage flas, distil-
lation method of desalination, will cost $5 to $7! 
kgal. Lower costs, in the ordor of US$2 to tUS$4/ 
kgal may be possible with revcrse osmosis 
although this process is normally used in package 
installations and requires skilled operations and 
maintenance workers, 

In addition, it %%,as recommendled in the pre-
liminarv CWRMP report that incxp,asive 
groundwater (about US$1 to US$2,kgal) supply 
the balance of the Virgini Isl:mnds' water require-
ment and that con',ideration be given to au
menting grou~ndwatCr supplies w'ith. artificial 
recharge using relaimed wastckater. This ap
proach may-represcrt a more realistic alternative, 
financiall, for many il:irds. It is recoznized how-
ever that there ,.rc liir..cations and concerns re-

Lted to groundwater development on 
islands. On islands \%ith developabile fresh wiNter 
acluifcrs. care must be t:tkc'n to avoid inducing 
sea w:'tcr intrusion caused by overpumping. Nu-
merous well fields on %ainous islar:ds have been 
degraded in this manner such a; St. (rTixs Ma-
hokany field on the island's west end v,hich h.,d 

domestic septic tanks and municipal and indus
trial solid wastc disposal sites. Groundwater 
sources in the Virgin Islands have been protected 
to a large extent from the former source af con
tanination by the installation of sanitary sewer 
systems in population centers. 

It is interesting to note that rainwater harvest
ing using hillside and roof catchments was not 
recommended in the preliminary CWRMP report 
as a means of expanding the islands' water supply 
although the use of these facilities formed the 
main source of water supply in the Virgin Islands 
for man-, ycars and they are still widely used 
throughout the Caribbean. The actual cost of 
waiter produced by rainwater harvesting is, sur
priingly. reported to.be quite high (in the order 
of US$25,kgal. according to the consultant's re
port) due to the high capital cost of the concrete 
cistern (CH2M Hill Southeast. 1982. p. 2-1). Cis
terns are also prone to contamination by wind 
iratnsport and animals. 

SYSTEM [APANSION ANt IMPROVEMENTS 

In aiddition to recotnmending sources for future 
water supply. the preliminary CWRMP report 
recommended capital expenditures aimed at ex
pm:rllpanding and improving service. Some of the gen
eral objectives to be achieved include: 

(a) Increasing the service area to provide water 
to a larger population base

() maintaining 10 days storage capacity; 
(c)converting the distribution system to all 

gravity feed in order to inaintain positive pressure 
a projected sale yield ol 85 00011 gpd [';irt ialv its throughout, 
a result of the los,, of the Ml ah,.an%well tie d. 
the Government of the \"irgin I,!:nds. in coop-
eration with the Un,%cd States (icological Sur-ecv. 
instituted a monitoring program in 1977 to guard 
against overpumping of the producti\c Negro Bay 
and Golden Grove wellfields on St. Croix's south-
ern shore. The program consisted of the imital-
lation and regular sampling and anak si ol a 
series of observation wells on the skuthcrn per-
inicter of the wellfields near the shorclin.. 
Ideally. monitoring of the quantities of ground-
water withdrawr from the aquifers should also 
have been a pitrt of the program. A second con-
cern related Io groundwatcr development foi 
water supply purposes relates to the potential for 
groundwater contamination frdwn sources :uch as 

(d)prowiding substitLtet storage tanks to allow 
tor emergencies or repair situations: 

(e) increasing the system's capability to mix 
desalinated water with groundwater to improve 
taste and acceptability; 

If) providing a flexible distribution and storage 
system that can accemnodate unpredicted popu
lation shifts; 

(g) increasing the production of inexpensive 
vroundwater. and 

(h) decreasing operating costs by improved 
water accountability through improved metering. 

The preliminary CWRMP report identified spe
cific capital improvement projects totaling about 
US$1 10 million but recognized that the actual 
pattern of development experienced in the islands 

(0
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over the next i8 years %%ould not necessitate the
implementation of every project. It recoin-was 
mended that approximately US$o5 to US$75 mil-
lion be expended on carpital improvemeints to the 
year 20),), not including VIWAPA's costs for
additional desalination capacity or :he Govern-
mentfs resource recosery/desalination facilities.
Ntin of the recommended improvements would 
inL. ase revenues b improving accountability
and would reduce ,osts by reducing leakage in
the distribution sytcn. 

41.2 MANAGLEtN1 AND) tRAINING OF PERSO.NNEL 

Thus tar we have directed our discussion to issues 
concerning water resources developmcnt and fit-
cilities expansion and improvements. Problems
also exist on iany ( aribbean iSlanls regarding 
manaen LMnt and training of personnel which 
Slit ;u-4l aIIct sattcr supp l. oper ations. Operai-
ting authorities in the Virgin islands and other
islands of the Caribbean are faced with two main 
problems in tl is regard; the need to upgrade the
skills and cap. bilities of operators; and difficulty
in recruiting aid retaining engineering personnel.

The typical ('ari!han wter snpply operator is 
a 'niulti-functional' iridhidu dl in tha! lie prforms

both operational and maintenance duties associ-

ated with both water supply and sanit;,ry facili-
ties. In 1hC autnors,' experence. mans of these 
indisviduals arc dCdicate, and hard-A rkine cm-
ployces and iesourccfu! mechanics, able to work 
minor miracles to repair and maintain sv",tcms in 
an environment %%here spare p1r1t1. rlnteii:tls.
tools 'Ind equipimln ,arc 4ten in',dcluatclv .up-ar 
plitd. IThe opcrattr mcchanics knowldge of or1-

Ltcilities isua;l,\ thetrz:fii a is specific to local
facilti.s wit Ih ich ie 1Pas been associatcd and 
has been gkla;:med from years of .%ork experience
with those particular facilities. 

Difficulty arises Mhcn, as in ofthe case the 
Virgin Islands. new f:tcihtics are inttduced for
iystem expansion and improvernent. The opcra-
[or whose knowledge is specific to the now de-
fumnct facilities is suddenly confront,-d with an 
!ntirely new set of demands on his performance.
insome instances he may be confronting a culture 
;hock if the need for appropriate tcchnnogy has 
tot been addressed in the planning and design of 
he new facilities. lUnderstandahly, the result canie declining morale and failure to provide the
evel of operator attention required by the design 

of the system. Ieally, the perator should be
trained with regard to general concepts and prin
ciples that can be applied to a variety of situa
tions. In many cases howev'er thik approach is 
impractical cithecr due to financial limitations or
the operator'., own level of academic background.
As a minimum then. the operator caught in this
situation is in need of rapid familiarization with
his new job requirements presented in a manner
appropriate to his individual educational level.

One approach to training utilized in the Virgin 
Islands in the past was to take advantage of various short courses and seminars sponsored or at
least funded by U.S. federal agencies such as the
Environmentail Protection Aency. A more mod
est but realistic and satisfactory approach. in the
experience of the authors. is to provide specihc
on-th-job training tailored to be compatible with 
each individual operator's intellectual abilitie,.
This custom-made' approach :s possible on a
small islazd %%hcrethe total number of individuals 
to be trained is smAl. 

A simple example of this 'custom-made' ap
proach to training is illustrated in Fiizs. 2 and 3.
The igure, compare two operators' log sheets
which were designed for training at two newly
constructed. nearly identical sewage pumping sta
tions. (The cxample is meant to be ieneric in that 
this approach to training is equally applicable to 
,.%:Jtr supply or other types of operations.) While
both log sheets request only basic information,
the ('hristiansted lug. Fig. 3. issimpler in appear
ance 
and ma!.,es use of drawinCs an ld figures. This

Was to accommodate [rie a1bilitics of the day-shift

',pcralor who was semni-literate.
 

In training pump station personnel in all
 
aspects of the niesv developed operations and
 
maintenance program for these facilities, the en
gi neer worked clos,.ly vith the O&M staff on a
 
daily basis for a reriod of six month, (Thompson.
1977). Operations and maintenance workers were
involved from the start in the development of the 
program. Personal, consistent communication be
twen the trainer and trainees was effective in
permanently establishing a, O&MI program for 
new and sophisticated facilities. Tlhe program
which was established in 1977-78 is still contribu
ting to the successful operation of the facilities 
today. 

Less success has been experienced in efforts to
re,:ruit and retain qualified engineering person

http:clos,.ly
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3~ 
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DRIVE TEMPERATURE _ _ ,2 1 . J 

SEWAGE PUMPS 

UISCHARGE PRESSUREr~~-------- l 1 122 33 

F !3HOSING VIB IATION 2 I3 
BEARING HOUSING TEI6PEA4rI 2 4 
PACKING 1 3 

WIGHTED LUBRICATORS 7 3 
LuRICA ORPET1CUCKS 12 3 

IFOUNDATIONJ VIBRATICN 1 2 3~~ 
.. . .....-4..... . . ..,Fum UHK- HAND OPERATE FLOAT 40K NGI 

¢_UMMELL CLEANINr. .-E HECK -- .. ..TIEI . .... .IME OUT .. .. .. . ... 

tSOLIDL RE-MOVED (BUCKETS)...... 

MENTS1 

Fig. 2. Daily log shcet (Figiree pumping statIon). 

nrl. Lnginecrirlg positionsat every level in Virgin America and Europe. "The migration of nativ 
Islands opiatmng authoritics frequently ae un- professiolals away from the Caribbean i.largel
filled for p:ri(,ds of monlths or even years. In due to the promise of greater compeiisation an 
some island,, of the Caribbcan. there is some re- improved standards of liing. Caribbean opcr,
luctance to employ enginecr,, from outside the rine. authoritie,,. including those in the Virgin I!
Caribbean even at a tm whcn many native en- lands, can only stem the outward flow of loci 
grocers arc niigratin! to N\4rth and South talent b.raising their current salaric and oftcrin 
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OPERATOR: ".OMIER V ___ 
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MOTOR -- -

MOTOR -I'MTEMIRATON 
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PUM - -7 

_T+c._op
VIBRATIONry'i!A~-< UMPDRIERIE, , ' -..... . . - -- ...PUMP PRA T UAE@ 

EOUT,_,- I ..... I 

Fig. 3. Diaily I,,sheet +(Chris,,tstc,pumping! sZti'fi). 

improved henetits. In most instances such atmo~e largcly influenced by th,. choice of institutional
would reqtuire legislative action and cxcculiiw arrangements ado~ptel ,for governing thc dcvel
approval. opment and usc of water resources. Institutions 

--1.3 INSrITUrION, A.ISUI. for water resource:s administration operate at tihe
interface of the water resources svstt~m and theThe institutional prob!ern in water reso)urces de- social systcm, constrained by other systems such

veloprn'nt and administration is to find an: appro- as legal, political, eConomic or technological.
priate decision-making f'ramework for The management of water supply operations in
maximizing tht effective management of water the Virgin Islands presents problems which are 
resources at the minimum possible economic, shlred throughout the Caribbean. Even tho~ugh
political and social costs. TFhe quality of water :;e basic problem confronting management is the 
resources a:dministration is determined aind fundamental one of matching available supplies 
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to demand, the peculiarities of the available sup- 
ply and demand preclude duplication of manage- 
ment efforts or institutions used elsewhere. For 
example, on the largely metropolitan island of St. 
Thomas, more than half of the population is not 
served by the public distribution mains. The ma-
jority of these people rely on water collected from 
rooftops and stored in cisterns. During periods of 
low rainfall and for tho,,e whose water demand 
exceeds the available rainfall harest, trucking of 
water from government siandpipes and commer-
cial haulers are the only alterwative sources of 
supply. Clear-!,' then, n:atching supply and de-
mand in these ciicumstances requires innovative 
institutional approaches. 

Cistern storage is required by law in all private 
residential huildings. ttowecer, the unit cost of 
water associated with the tsual domestic concrete 
storage cisterna is very high. Groundwater use in 
the Virgin Islands may be inore significant in the 
overall supply than is acknoMcldged, simply be-
cause there arc no icliable estimates of reserves 
or private groundwater nioduction. Even though 
the liw requires water n,,ciers or all wells pro. 
dcing above live ltirrdred gallons per day. the 
requirernet is poorly enforct'd and production 
records are not available. 

Desalination is now tie dominant mehod for 
producing additional v.atcr supplies. The experi-
ence in the Virein Islands is that desaliaatiun i enc in ct. hirgn Islnd,, id dhat level anIthiiih co~st. high tecliology"and high level man

141-I s AS 
. FI L tLTUR, 

PuJ5LIC 
C1PARIMITF U1K, L(EM'IT V

LtKCUTIVI 
RENEWALI 

..... t1 I 

agement affair. The initial capital costs of pro
curing desalination equipment could be beyond 
the means of most other Caribbean nations, with
out foreign assistance. The U.S. Virgin Islands is 
in a unique situation to accept grants from the 
U.S. Federal Government to offset initial high 
capital costs. Continued successful operations re
quire fairly high level technological skills which 
cannot be acquired in local institutions of higher 
learning, hence the significance of instituting 
training programs as discussed earlier. The em
phasis on desalination stems from the simple fact 
that the islands are surrounded by limitless 
amounts of sea-water which can be turned into 
fresh water. 
. A critical institutional problem confronting the 
Virgin Islands concerns the competence and per
formance of the myriad of government agencies 
charged with responsibilities for water supply op
erations as shown in Fig. 4. Recurring water 
shortage problems have been blamed on incom
potent government agencies. Others have pointed 
to the dispersal of water responsibilities among 
several government agencies without adequate 
coordination as the reason behind the perennial 
%ater shortage: 
The fragmentaion of ihe planning, operation. 
constragmn. o and ning, functionsf pan 
construction. policy and management functions among numerous go.ernment agencies, depart
ments, commissions and authorities results in It 
wa.teful, cumbersome, inefficient, overlapping 

t J. 4 _____ PL A',N9qG 
G. '. 4)4.OF F JCE 

O1 

AC' JL TIjR HEAt TH CUI TJRA.
AfFAIRS 

1 .. 0..!ii. 

C(AI ;I ( PUBLICI THE IRG
 

RFSOLFICEU SERVICESS*tR Pl] ' t AiT
ISLATNDS 

AGU.ClIS CCAMIS:S1O COUAMI---I( AUTHOAITY AOVASJARr, 

Fig. 4. Organizational impact on water supply operations in the U.S. Virgin Islands. 
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and bureaucratic system whereby there are du- to other Caibbean islands in several ways.plications of efforts Inand/or numerous voids in most instances the Caribbean islands wili conmeeting the water needs of the community.'
(Adams and Associates, 1978). 

Currently, VIWAPA. The Department of Pub-
lic Works, the Virgin Islands Planning Office and
the Department of Conservation and Cultural
Affairs all engage in water supply planning forthe Virgin Islands. Proposals have been nade for 
tile consolidation of most. if not .l, water supply
operations into one single department.

While the performance and coordination of tle
existing departments in providing adequate water 
supplies has been problematic. the consolidation
of all water supply functions into one super
atgencv maI not lead to improved performaceunless the real reasons for pat po r perform-ances are addressed simultaneously. he rfspon-
sible agencies do not have the financial
independence to operate and twke business-like
decisions. For example, the pricing of water
determined by the V.I. Legislattire rather than bythe Water and PobeVr Authority (VIWA PA)
which produces the water. Legislative approval isneeded on all
decisions affecting the performance
of VInVAPA including the timing tf the instefla-


tion of additional production caipacity,the throughlegislative appropriation process. Another,,hvernment agency whose operations are afectd gv the Le nhislature Departmentis the of Public 
Vv'orks (DPW) which isresponsible for the distri-
button )fwvater. Replacement of tile lorv-year


butionnd ofs,- waerthendRelaemn ofgiold public distribution system, which accounts fortremendous system losses, has been recoin-
mended tor many years. The l.egislature, how-
ever, has yet to act and release appropriaition~s to]replace the .lilapidated system,

As long as decisions involving the timely acqui-
sition of capital equipment are subject to the Leg.

islature, water production efforts will continue t
be constrained. rhe fixing of water prices by theLegislature at levels which cannot support amtor-tization, operations, and maintenance cosuts m-sure that water supply operations in the VsirginIslands will not be sound business. i 

5. APPLICABILITY OF VIRGIN ISLANDS 
EXPERIENCE 

The experience gained in the Virgin Islands inmanaging water supply operations is applicable 

i tern construction methods and materials, such as 

tinue to draw on a variety of sources for potable
water supply. It will usually be preferable how
ever to develop groundwater sources to the max
imum extent possible. In developing groundwater 
resources, it is imperative that safeguards against

overpumping be tmplecmented and that laws and
regulations protecting groundwater quality from

contamination from wastewaters or improper dis
posal of solid wastes be enacted and enforced. 

Regarding rainwater harvesting using hillside 
and roof catchments 
ithas been noted earlier

that the cost of water produced by this method is
 
reported to be quite high (CH2MI Hill Southeast,
1982. p.2-1 ). Additional research is warranted inthis area however particularly with regard to thefeasibility of large communal cisterns serving sev

cral residences which might take advantage of
economies of scale. Research into alternative cis

the ferrocemjnt tnks persenl3 being tried in theGrenadines by th,: Caribbean Appropriate Tech
nology Centre (1982) is also appropriate. Theauthors ,lso suggest that the use of cisterns in theCaribbean could be improved through govern

ment sponsored 'weather-watches' designedadvise cistern users in advance 
to 

of impendingdrought conditions so that conservation of cisternwater can begin prior to the arrival of droughts.
Although it is impractical to recommend spe

cific capital improvement projects for other is
somesno on Virgin Islands eorperiearlandased the experience,o~f the general objectives of the CWRMP 
discussed earlier are applicable. specifically: themaintenance of adequate storage capacity and 
substitute storage tanks; maintenance of positive

pressure throughout the water distribution system

via a gravity feed system; provision of a flexible
 
systt-m that can accommodate population shifts;
and improved metering.


Regarding training of operations and maintenance workers, t'e example given herein of onthe-job training tailored to be compatible withindividual operator's abilities has wide application throeghout the Caribbean, particularly
where the number to be trained is small. This 
presupposes of course that a trainer, such as an 
operating engineer, is available. With engincersin short supply throughout the islands and withnative professionals migrating in numbers, many 
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of the Caribbean Islands might improve their r)p- ment may be in order.
 
crations by considering contract arrangements or The fragmentation of water supply functions
 
other mutually acceptable means of recruiting cn- among various agencies should be corrected,
 
gineers from outside of the Caribbean. where it occurs, through the consolidation of re-


In instances where Caribbean water supply sys- sponsibilities within a single agency or through 
tems experience poor water accountability, as in improved coordination. More importantly how
the Virgin Islands. there is likely to be a need for ever, the operating authority(ies) must have the 
extensive leak detection and repair due to the age independence to operate in a responsible 
of the system a.id corrosive environment. Wherc business-like manner, effecting appropriate capi
revenue collection is a problem. mote thorough tal expenditures and balancing costs with pricing 
accounting procedures and aggressive enforce- rates that reflect the true cost of water. 
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