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~ ABSTRACT

Three waﬁersheds'with'different land use
vcharaoteristics on St. Thdmas, Virgin Islands were
instrumented and monitored to study the| effects of

various  land use patterns on runoff and |groundwater

recharge. The water crop (combined runoff and
groundwater recharge)‘fOr eachvwétershed'was calculated
using two different ﬁéfhods ahd ,the'runoff determined
independently usiﬁg a2 So0il Conservation Service methéd.‘
wﬁile-results illustrated the effect of different land
uses oﬁ recharge,.thé wide disérépencies in results
~according to the iethod.applied‘highlighted the need for
exﬁensive dafd collection for such a stﬁdy to be

conclusive.
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INTRODUCTION
'”Locétion:
| | TheﬁUnitéd States Virgin. ISlands is an
unlncorporated te¢r1oory of the’ Unlted btates located in
the Caribbean Sea, approximately 1,100 miles east-
southeast of Mlaml;-Florida and BOO miles nﬁrtheast bf_
Caracas, Venezuela;v The TU.S. Vlrg;n Islands consists of
~three large 1slands and more than forty small 1slands
- and cays. The threﬂ-largest 1nhab1ted 1slands~ St.
,John St. Thomas, and St Croix, have respectlve land
areas of approx1mately 19, 32, and 84 squdre mlles.' A1l
bof»the ;slands are’ gharacterlzedvby.steep rocky.
| mouﬁtains'of volecanic ofigih,' The islandé'also display
 divefsé'ecologicallsystéms rangihg;from beaéhes-and &ry
thorn scrub of the lowlands to the de01duous forests Of
- the h1gher elevatlons.
| 'St. Thomas is the second 1argeét of the three
rmajér islands 5f the-U.S;Virgin'Islands.énd'ié located,
50 iiles’éast of Puerto'Ricd. (Seé 1gure 1).  :The
island is. approx1mately 19 miles long and 2 to 3 miles
wide. Flatlland 1sAgenerally rare on.St. Thomas for.

- most of the land surface is sloping and extends seaward
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from a central r*dge, BOO to 1 200 ?eet hlgh thau rune“
almost the enulre 1ength of ‘the island. The flat areas
are found for the most part in Charlotte Amalle, the
" seat of government of the Virgin Islands, and a few
alluvial-filled embayments.: These embayments are seldonm
‘more than a few acres in area with the thickness of the
alluv1a1 deposits at a maximum belng genelally less than
50 feet. |

: 15 addltlon to ra‘n water harvestlng, ground-
'  water is the only other significant "natural"” water
source .on Sto'Thomae. VSurfaoe water'suoplies are
negligible. As a result of the topography none of the
streams in St. Thomas are truly perennlal. Bonne
Resolution Gut and Turpentlne Run in the north and
“eastern parts of the 1sland reopectlvely,,although often
‘described as perennial;'ha§elbeenoknown to go‘dry.during_
~extreme dfought periods. 3it has been estimated that in

- the. perennlal reaches of these streams about oneuhalf to

' tnree fourths of the flow is storm runoff and the.

remalnder is base flow contrlbuted by groundwater.(1)
Groundwater, though not abundant is wifhdraﬁn
'-throughout the 1slaad in varywng amounts. In:St. Thoaae
"most of +the groundwater occurs in fractured rocks,
joiﬁte ahd fault ZOnes; " The major portlon of the island
is underlaln prlnolpally by fractured volcanlc tuff and
bre001a ofothe Loulsennog_Formatlon.' 801l.depths of one
to two feet have developed in this formation. While the

underlying;bedrock,,espeeially in the flat areas, has
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i
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been tepped‘and oenvbe a }elie%le soufce.of'waﬁer,~
"extreme care must be exerc1sed due to the ever presentn
danger of salt water 1ntru31on 1f over— pumping occurs.
Although slopes along the central ridge commonly
'exceed 35 degrees, at one time (durlng the earlye
1 1800's), almost all of the land on St. Thomas was under
cultivation; Because of the decl‘ne in profltablllty of
produ01ng the pr1n01nel crops (sugar cane and cotton)‘
' agrlculture has declined now to‘the point where only
small areas on the‘nOrth central portion of the island
are used for farming. -Furthermore,'tonrism has replaced
agricultufe and livestock productﬁon as the mainstay of
tbe economy and the once cultivated: 1and has reverteu to
-brush and secondary forest |
An ever 1ncre351ng poPulatlon brought on by’an
llnflux of retlrees from the U.S. malnland, workers in
othe tourist trade”from the U’S malnland and other
, Carlbbean 1slands, 1ncreased water use by businesses and
}1ncreased standards of 11v1ng have caused water demands _
to often exceed avallable supply‘ Slnce groundwater was
a me3or source ofvwater when the 1s1and was under culti-
vation attempts afevbeing nade to incdrporate it into
" the urban Suﬁply as well. Such efforts have met with
little success 1eading to'the speculation”that changes
'in land use have adversely affected the available .

quantlty of water from this source.

'Examination of available records reveals that

4



.Kstreamflows in St.-ThomaS héve‘decllned over the years.,l
The change in anllablllty of groundwauer is not readlly
apparent as groundwater records’are rare.“This h}the
priméry'bbjective of the preéeht study; The effects of
varlous land use practices in the Vlrgln Islands on
groundwater avallablllty w111 be examined.

Results are expected to be useful in'the deter-
mination of approprlaue management pr30ulces for rural
'areas in the 1sland that ‘are presently not under'

culylvatlon;

-Need For Study

With rising enérgy costs énd 1ncrea81ng demand
~for potable_water, desallnatlon of Salo water is
‘becoming a less eéonomlc 0ptrqn than groundwaﬁer:for
~the supply of‘pétable water;"Rain water. on the other

hand is fairly’unreliable. Consequently efiorts are

‘-belng dlrected towards 1mprov1ng both the quantlty and

»quallty aspects of groundwater as a source of water

supply. - |
o | Séveral researchérs'haﬁe étudied the effects of
changlng 1a“- use practlces on groundwater avallablllty.
Filippini and Krothe(z) studied thﬂ 1mpact of urbanlza—
tion on a‘floo%»aqulfer “while Affleck(BQ' studied
the effects of phreatophyte 4ménagement on water 1§vels
in Arizona. While no study ralong these lines have_been
léondﬁcted, recently “in the Virgin Islahdé,"Jordah(4)

analyzed hydrologic ~ data collected over several



years to quant fy the effect of land use on the water

' reglmen of the. U S. Vlrgln Islands. In a 1ater:

vpublwcatlon Jordan and Flshe*(B) attrlbuted theg'A

nlstorlcal decllne in groundwater levels to changes in
land use. The authors also dlscussed the effects of
transplratlon by the' dense growth of brush and trees
along a stream cnannel on the north Slﬂe OI St. anomas

Peebles and others(6) suggested that +he loss of - water'
to recharge and streémflow be reduced by controlllng the
’-vegetatlon growth on watersheds.

- All the above studies doné in the-VirginvIslaﬁds
:formuiated conciusion$ based on either results of the
>”Jordan(7) study of were not confirmed by field data.

Thus there is a need for efforts directed to field
' determlnatlon of the effects of land use on groundwater
Aln St.(Thomas, Thls study;was underta&en in this

regard.

| Methodologyf

Three small basins were 1ﬁvest1gated as part of
this study« ﬁHowever, the avallable data are extremely
1imited;, Although long-term dally rainfall and
‘temperature redordusére avéiiable eithéfgonésité or at
adjacent lddatibls, gorresponding‘water level fegords
Wefe generally ﬁot aVailéblé.' In *heucéée of:the two
basins~§ith pumping Welis, daﬂly water productlonA.
fecords were not avallable.i Estlmates of total

'productlon were made from periodic readings.



- Groundwater level .mqnifﬁring’at all_three>ﬁaéih§
: wasuinitiéted as parf dfjfhis-stQGY'in order to .
establish-ébrreiétion betweén groundwater recharge and
rainfall events. ,Evaporation_datéAcollected.at one of
the three basins are inadequété for use in computing
‘  water balanCesfusing hydrometeorological methods.

Consequehtly daily water‘balances could not be obtained.

" The water crop, defined as combined surface
runoff and groundwater replenishment, is calculated

using the equations(s)

. P
i (0.9+92/12)1/2 (é)
L = 300+25T+0.05T2 ©(11)
 where:
R = avefage.annual water-crdbA(mm/yr)
i § =javeragé annual precipitétioﬁ (mm/yr)
ﬁ'z a?efagé'daily temperature'(céntigrade)

Rechérge caiculated~using (i)‘is converted %o ihches by
 using the convérsiénifacfbr 1 inch = 25;4 mm

B ' Runoff1fo: varidﬁs_storm éventé have'5éen
calculated using methods suggested by the Soil

Cdnservation SerVice(9’ jo),'Ahased on the e@uations:

Q= (p-0.25)2 O (414)
' P+O.85 N : | e
S = 1000 -~ 10 L (iv)

TN

\\’



Q = runoff'(in)
P = precipifation‘of,runoff producing event (in)
S = potential abstraction, (in)

CN

= curve number;'(dimenSiOnless)
‘The water cfop,défined aé
R =Rs + Rg (RIS (v)
= P - Ea- ‘ o :
where ¢ t
R':lwater crop (L/T)
Ré = surfacebrunoff (L/T):
| Rg = groundwater replenishment‘(L/T)"
P = precipitation
e Ea =‘evépotranspirationL

is also used to estimate groundwater rechafge.



11 FACTORS INFLUENCING RECHARGE

Rainfall | |

‘The average annual fainfall_of.44 inches is'thé
‘~principa1fnatufal SOurée of'thable water in St. Thomaé»
AgTable_i’ShOWS’a'CémpariSOh;Qf the sources of water
supply on St. Thomas in 1979. This table is intended to
provide an iﬁdicatibn of the‘relétive amounts of water
aﬁailable from ﬁarious sourées. In‘Figure_Z the tén—
year runniﬁg'avéfages,'accumuiated departure from the
évérage and'annuél,rainfall.fof the_periéd'19201fo'1967
at Charlotte Amaliexare:presentédQ‘ ) - |

_:;EvapotrahSPirafLon

’The climate in the Vifgin.lslands'prqutés a very
~ high rate Qf'évépotranépiraﬁidh;' Raiﬁfa11 showers are

often-intense,'of.shdrt duration:followed by sunshine 
-and'the'cbntinualvtrade winds. Since the vegetation'and'

"upper sdil'iéyérs_generally'h01d.ﬁafér for atlbng:tiﬁé .
-wiﬁhout;pefcolétion;'theVéxppsed water is'evéporated _
directly while the capillary action within the upper

soil layers acts'like a wiﬁk to ﬁring the percolatingj.
"water Dback -tél the ‘surface fOrvvevaporatibn.
.Concpmitantiy;_theAvegetatianlﬁoves~soil water ﬁy
frahsbiration thrbugh-léavés*while:deep—fdoted planfs,

withdréw_and transpire ﬁatervfrom therloWer depths.



Table 1
Supply of'Water’Available from Various
Sources. in St. Thomas, 1979 (11)

- Source S . Amount (MGD)
POTABLE
‘IMPORTED S
Barged - . 0.50
MANUFACTURED | o
Desalted , - 1.50 .
NATURAL T
Surface o . <00 .
Ground Water 0.40 -
Rain Harvesting . 0.50
SUBPOTABLE .
NATURAL S -
- Ground Water . .00
Salt Water - 1.00
~ MANUFACTURED |
Recycled . 0.01

10
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.osting 20,Yéars of deta, Boidugan(13) determined
evefage_moothi&QOlues-of evapotrenspiration forv
Charlotte.Amaiie (Figure 3). The ultimete’dieposition
of rainfall on nearby St. Croix is oompared with that of

the continental United States in Table 2.

ﬁGroundwater and eologv

_ Groundwater is the only other 31gn1f1oant natural source
‘ eof potable water and is w1thdrawn throughout ‘the island
in vary1ng>amounto. A generallzed map of the geology of
St.»ThomaS is ehown in Figure 4. The principal ground—
water Supplies are contained in a mantle of fractured
and weathered »rock, approximately 300 feet thick.
 Fracturee beneath this mantle are very few and smali and
thus contain very little water. -Forvmost”ofvthe iSland
the estlmated storage capa01ty of the rock is one
percent or less. (14)

The bedrock aqulfer is estimated *to recelve
reeharge only about three t1mes a year and varies from
~location to 1oca£ion‘because'of‘the variability in
rainfall quantity and in the characteristies of_the
':rocks and soil thfoughOuf the‘island; On the east and
weet ends of the island,banoﬁal'rechafge to theiﬁedrock
aquifer is'esﬁim;ted $o be 0.2 inches.wh4le in the Oﬁfef
Brass- leestone in the Lovenlund Valley in the north
recharge has been estlmated to more than five inches

yannually. Jordan and Flsher(15) estlmated recharge to

groundwater areas in St. Thdmas as ‘shown in Figure 5

12
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' Table 2 |
L . (an
- Ultimate Disposition of Rainfall

o 'Evapotfanspo— ' Ground-
- Location - ration (%) Runoff (%) water (%)

St. Croix's
Central = o o o o
Coastal Plain- 96 i3

Continental S S o B
USA . 70 20 10

15



Plgure 4

-a°23

T

ATLANTIC OCEAN

Gromtic
213 1]

A I

1.-..»,T 7

G

1820 .

CARIBB EAN. SEA

23°C0
o

o

3 mues
3

-

was3s’

127 Geology generolizad after T W. Doangliy, 1960

<30
1

{ BN
Hlll!!ll
o'i'!'l‘i'l'” .

Pleisiocene (?)
ond Holocene -

EXPLANAHON

ALLUVIUM s-u clay ond thin, disconlinuous beds of sond ond grnvel
includes beach sond shmmed moximum thickness 50 i1

- TUTY FORMATION - Tufloceous  conglomerclic mizjure derived {rom older

racks. Conlains some limestone, !Spmally néor the top Munmum thickness
greoier then 6,000 f1.

OUTER BRASS LIMESTONE Thm-bedded siliceocus hmes!one ond o few
thin beds of tulf. Eshmn!ed moximuin !mckness 600 f1.

LOUISENHOJ FORMATION -Woter-taid iuﬂ bretcxu and e !ew N'un beds
of limestone Muzimum thickness imown i3 000 fi. -

,'WATE‘R 1SLAND TORMATION -Lovo Hows; flow breccio, ond woter -lgid

tull intruded by dikes and plugs Maximum fhickness greo_ler thon 15000 1 -

Contact

Inferred foult, doited where concesled

Generalized Geologic Map of St.

(18)

Thomas

Juasd
LA




Figure 5

w2

| CARIBBEAN - SEA

3 ewars s ;
] j

[ S

r ’ . .
h .

[N 1 i
' . v
o T '
D 1 3 @ RLDMETERS o
i ‘ !
" AREA "RECHARGE
Nap Sguare 10® gallone . Inches
No miies per year per year
1 13§ 164 ’ 0.7
2a 23 130 3:3
2b P51 1% 1.0
3a B 3 20 23
3b 4.1 3 1.1
4 a4 36 B.3
5 10.0 35 .2

Estimated Recharge to Grou

St.

16

ndwater Areas in
(19) '

Thomas



,'These estimates,of‘reéhargé rates wefe-detérmined bésed
ﬁn the'geology,isoil,'topdgraphy;'fainfall andgeprsure

~of the regions.

A detailed discussicn of tﬁe ééils of St. Thémasv
 Wi11 not be pfésénted‘here. 'Comprehensi#e descﬁiptions_
of the soils of the United States Virgin Islands are
described elsewhere.(20, 21) The soil charactefistics_
of areas of pérticular interest in this.report will be

discussed in detail at'the appropriate places.

17



III STUDY SITES

The - Locxhart Wlementary School Study Site

The Lockhart Eiemen+ary School (LEQ) study site
is located. at 1at1tude 18 20 38 | and lonni%ude
64055-03" It is a subwa ershed of 110 'aﬁres within
'the Sugar Estate Basln (Flgure 6) whlch covers a totalfe
area of approx1mately 530 acres. vOnly the areas most
11keiy to 1nfluence_recharge'to the observatidn well are
»included for‘rainfall—runoff calculatiohs. AConsequently
downstream watershed Areae-7 and 8 in Figure 6ehave'been

excluded as are the rest of the subwatersheds within the

"~ basin.

The study site may be separated into two dlStWHCt
reglons for descrlptlve purposes the flat lqwer:area
in'which the observation wellvls loeafed“and'the upper
, hillj region which serves as the principal catchment
area. The: Gbservatlon well is drllled and eased to an
.unknown depth w1th 31x—1nch PVC (plastic) pipe. The well
is owned by the Department of Publlc Worke.' It is

51tuated midway in a small flat meadow located between

_"the rearmost bulldlngs of the Lockhart Elementary School

and the Raphael 0. Wheatley Vocational Training Center. -

‘The meadow is about 150 feet w1de covered principally

.w1th gulnea grass, glant milkweed (CalotroPis procela)

and.wild tamarind (LeucaenaiGlauCa). It is mostly dry

18
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.except for perlods after‘heavy ralnfall ﬁhen pondlng
occurs and the area becomes temporarlly.swampy The
soil 1n thls meadow is predomlnantly GyB (Glynn clay'

lloam) whlch occurs on gently sloplng alluv1al fans where

:the upland dralns have depos1ted their sedlments on the
 coastal plaln. ‘The water_holdlng.capacity of this soil
is high and it absorbs water readily Glynn clay 1oam
typlcally is classed as a moderately permeable 5011 w1th’
a plastlc, slowly permeable layer at 4 to 6 feet,

The area of the upper hllly ‘region dralnlng onto
the meadow is about 105 acres with a 34% slope. The
‘max1mum-elevat10n in this area is 960 feet and is
 located 2, 800 feet away from the observatlon well. The
._1ower third of this reglon is covered w1th thlck shrub
cons1st1ng pr1n01pally of false or w1ld tamarlnd

(Leucaena glauca), Casha (Aca01a Sp. ), Maran (Goton'

discolor) Cactus(Cephalocereus royenl) Yucca(Yucca»

Sp.), Century ‘plant (Aga01e Sp-), Thistle (Argemove

mex1cana) Catch—and— Keep (Anthacanthus splnosus) and

Sage (Lantana Sp. )

The upper two thlrds of the areabls dense forest

vdev01d of bulldlngs,,roads,'or -any other man-made
.intrusion ' The domlnant SOllS in this area are
summarlzed in Taﬁle 3 along with pert1nent propertles.
.Of the SOllS the most dominant 1s Cramer gravelly clay'
loam.' ThlS 5011 1s generally found 1n 12 40 percent,
‘slopes of strongly rolllng to steep hllls, foot slopes,

narrow ridges and hilltops in the mountainous areas

20
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throughout St-AThdmas. Though 1t absorbs water readlly,
because of 1ts shallow depth it has a low water holdlng

capa01ty ‘and is subject to rapld runoff and severe

'er051on‘where the surfacevis not protectedaby'-.

vegetation.
The forest con81sts for the most part of
'phraeatophytes common to such areas; Mampoo (Corcno

-~ blanco), White and Yellow Cedar (Roble blanco and Roble

amarillo), Turpentlne (Bursera 51maruba) Tamarind

(Tamarindus 1ndlca), Genlp (Mllicoccus bijugatus),

Calabash (Crescenta cujete) and Silk Cotton (Ceiba

pentandra).

| Alongtthealpwer wéstern partion of the drainage
‘areavié_a saall~pérennial northaSouth gut which.is
ihtéréectéd ﬁy‘an even smaller channel which runs
»parallel to the tralnlng center and the elementary
-8chool and between the observation well and the training
.qenter. Between the'larger gut and the observation well
(a distance of about 50 feet) is a capped six iach well.
Aside from 'the-.capped well. the‘ closeét well known
to be in the v101n1ty is located on the grounds of the
’adJacent publlc hlgh scnool about one quarter of a nile
away from the Qbservation we11.(25) 'This well is

inactive.
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'Daté

‘ Wafer levels in the observatlon well were .

’ 'monltored monthly from March 1982 untll Aprll 1983_

.Weekly observatlcns were made from April 1983 untll June
1983 when a contlnuous water level recorder was
1nstalled and hourly water levels could be obtained.
Ralnfall was not monitored dlrectly at the study
site.- However dally ralnfall records for an area
‘adJacent to the study site (about one mile north east)-
are used. Ralnfall data are available for much longer
fhén fhe groundwater_level»data;
: In Table 4, water level data collected at the
study 31te and rainfall data are presented for. the'
‘ perlod January 1 1983 to September 30, 1983.. ThlS data

is also plotted in Flgure 7.

Analysis and Résults.

The responée of the water level to ralnfall 1nput
in the Lockhart School study area}ﬁ shown in Figure 7.
The flrst portlon of the plot, January 1, 1983 to April
5, 1983% cannot be meanlngfully used in thls analy31s
because of the gap between water level data points whlch
were measured methly in this case. It is not possible
'to determlne with any confldence whether at any point,
the'water 1evel was rising_or falling-between data
- points. Data points are t00 widely spaced to suggést any

trends. This portion of the plot is useful in that i
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Table 4

Wétér'Level,and RainfallxDéta forlLockhaft-.
' Elementary School Study Site

R . Water Level Rainfall
Date - (Feet below ground surface) (Inches)

1-19-83 . k_ 23.50 o 1 0.00

j  2?22-83- AR o C29.47 | BREE 0,01
5.3-22783 L | :' "'27,42. | ', ', ‘0;00.
4-06-83 . 3200 0.13
4-13-83 31,00 | o 0.m
4-16-85 34,47 oL 0.00

. 4-18-83 | ;» R __f 14.33
4-20-83 ~ 1s5.82 ) 0.26.
R 4-22-83 . .. 13.50 | . 0.00
'4423—83 S 1448 - 0.02
4-24-835 1346 - 0.00
1-26-83 . 1395 ".,‘7 o 0.00
4-27-83 . - f14;12 ¥ . 0.00
4-28-83 | ‘ " 1446 0.00
5-03-83 o 15.70 .00
5-05-83 16.06  g.01
5-10-83 ' 17,00 | - 0.00
5-13-83 o 17.02 . 1n

5-14-83 . 16.72 . 70.00
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continued...

_ Water Level S | Rainfali
Date ‘(Feet below ground surface) ' (Inches)

5-16-83 - 15.20 R | 0.07
s-19-83 . 13.85 0,96
s-24-83 1119 066

5-26-83 170 . 0.00

5-28-83 SRR 1z.22 0.00

5-31-83 13.28 o 0.13

6-02-83 ">Af", 14.00 L 0.00

6-04-83 0 14.m1 o o 0.07
6-07-83 15.00 ~0.00

6-08-83 Co1s.a6 0 0.19

6-11-83 16.55 - 0.00' -

6-14-85 A  18116 - o.08
6-18-83 L { o 6.34

6-27-83 . 11.68 o o 0.46

6-28-83 ,,.A S 11.65 . 0.16
6-29-83 . 1l.66 . 0.00

6-30-83 1176 ©0.00

7-01-83 1190 Coo.04
.'77402—83_ L 12.04 o  0.04
7-03-83  12.15 0.3

7-04-83 o 12.25 . 0.03
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continued. .. .

Wéter Level R ".Raihfall

Date f'(FeetAbelow ground "surface) : (Inches)

7-05-83 1z  0.43
7-06-83 . 12.24  1.59
7-07-83 11066 : 0.83
7-08-83° . 10.97 DR T
s-01-83 14.49 | 0.42
8-02:85 14.51 | 116
8-03-83 14022 0.0z
B-04-85 1414 0.12
8-05-83  . 1433 0.1z
8-06-83 . 1a.s5  0.14
8-07-83 - 14.76 : .00
 §-08-83 . _— . 14.97 IS . ‘0-.0'0'."
8-00-83 - 15.18 o
8-10-83 15.40 . 0.00
8-11-83 - 1s.59 o ouos
.8}12-33.ft S f15.77' ' .00
8-13-83 15.92 .57
81483 16.05 .17

8-15-83. 16.18 .01

8-16-83 - 16.31 .04

.18

R R - - =

8-17-83 . 16.43
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- continued...

A o Water Level _ Rainfall
Date A (Peet below ground surface) {(Inches)

8-18-83 . 16.53 - 0.91
8-19-83 . 16.62 : 0.00
8-20-83 16.70 . .00
8-21-83 | - 16.70 o 1e
8-22-83 - 16.22 . o.o1
8-23-83 ~15.89 ~0.00
. 8-24-83 . 15.99 - - 0.00
8-25-83 . 16.08 : :.f . 0.00
8~26—83‘ o o 16.26 - 0,00
8-27-83 1646 0.00
8-28-83 S yeer L 108
8-29-83 1663 . 0.06
8-30-83 . 16.62 0.02
8-31-83 16.67 . 0.00
’9—01—83 - ','-, . ‘-16.74 | S . . 0.05
9-02-83 16.86 R 0.00
9-03-83 . 17.97 -.'6;03
9-04-83 - 17.08  0.06
9-05-83 " 17.19 E 0.00
9-06-83 17.31 o011
- 9-07~33 S 17.44 R o 0.00
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continued...

" Water Level

‘Rainfall

9-27-83

28

Date (Féet.below(ground’Surfa;é) (Inches)
 9-08-83 17.57 0.81
9-09-83 17.76 0.00

9-10-83 17.90 0.00
9-11-83 17.99 0.00
9-12-83 18.10 10.05
9-13-83 - 18.22 | 0.00
9-14;83'> 18.37 0.00
9-15-83 18.60 0.19
 9-16-83 19.20 0.01
g-17-83 19.74 0.00
9-18-83 $20.20 0.00
| 9-19-83'}‘ 20.54 _0;15
19-20-83  20.82 0.03
9-21-83 2104 0.09
9-22-83 21.22 ,0.69'
9-23-83 21.36 0.16
9-24-83 21.46 0.26
9-25-83 21.53 0.14
9-26-83 T 2161 10.29
' 21.70 0;00'



continued..

29

Coe T , ‘Water Level "Rainfall
- Date (Feet belowvgrcund surface) - (Inches)
9-28-83 21,79 0.01
9-29-83 21.84 0.00
. 9-30-83 21.93

©.0.00
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‘poinps todﬁhe ﬁeed'yln a study suoh as this, for water.
-level measurements to be taken more frequently, at lﬁééﬁ
weeklz,vthroughout the study period. |
' Water level monltorlng continued twlce every week
’after Aprll 5,19873. | On Aprll 18, 1983 a storm dumped'
over 14 inches of rain on the study area and on April
20, 1983 when the water level was measured it had risen
over 18 feet above’ the prev1ously known 1eve1.v'There
were 0. 64 lnches of rain on April 19 through Aprll 20,
1983Aand aqcorrespondlng-o 3 foot rise 1n the water
” 1eVels in the well. Subsequent to that, untll May 13,
1983 there was very llttle rain and the ‘groundwater
1evel dropped at a rate of approx1mate1y'0 12 feet per
'day; On May 13, 1983 nearly two 1nches of raln fell and:
the groundwater 1evel 1mmed1ate1y started to rise
again.' It can be notlced that because of the antecedent ‘
m01sture condltlons s1nce the Apr11 18th ralnfall event
the water 1evel responds qulckly to subsequent ralnfall
,events.» _ ‘
'On'Junea18. 1983;_enothef major rainstornm
,dep081ted over 6 inches of raln on the: study area and
vthe water level rose to nearly 7 feet above 1ts former
height. Examlnatlon of the plot in Figure T shows that
the water level follow1ng June 18, 1983 contlnued to
respond to.ralnfali‘eventsduntil'the'July'E -‘1983
ralnfall of approximately 1. 60 1nches After thlS time
'the water 1evel contlnued to fall even thougn there were

several 31gn1flcant rainfall events,~- There.may be
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séﬁefél reaéqﬁs for}this} Among,thésé_a:e:
 3¢[>The'rainfa1l eventS'occurred at the sité;'
| belng monltored but not at the Lockhart

Svho~l site.

b. Fallure qf the water level recorder.

Total rainfall forbtherperiéd Januéry to September
1983 from Table 5 1is 32.16 1nches. Estlmated ralnfall
for the three- month perlod from October 1982 to
’September 1983 is 19.62 inches based on correlation with
data from the Hérry S. Trﬁman Infernational Airport, for
a total ralnfall of 51.78 inches for the period October
1982 to September 30 1983., The average temperature
~during thls period as récorded at the”airport for.1981v
is 81.1°F or 27.3°C. |

‘Using ﬁhe figure'of 51.78 inches déri#ed abdfe
'v_for annual"rainfall and the average annual températdre
of 27.3°C as recorded aﬁ the Harry S. Truman Airport in

‘equation (i)'yiélds:a water crop. of 19.44 ‘inches for

~the one‘year period, October 1, 1982 tq'September 30,
.i983. _ o ‘. | | v

Runoff isfcalculated from daily rainfall for the‘:
period of record from Jahﬁary 1, 1983 to September 30,
1983.using_equatiénv(iii). ‘The funoff for the previous
three months‘is éstimated.frdm the cumulative rainfali'
est*mates as a-fraction, u81ng the same fractlon.
calculated from .the perlod January to September 1983%.

From experience of storms‘in this area, only rainfall of
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0.75 1nches or more durlng a 24— hour perlod are 1ncludedv

in the computations for runoff. The results are shown

in Table 5.

The water'crop {combined runoff and groundwater

recharge) calculatea for the LES study'area using

equation (i) is 19.44 inches. If we substitute the

aetual evapotranspOration for St. Thomas, estlmated at

43 1nches a year (26) in equatlon (v), we obtaln a value

of 8.78 inches for the,water crop for the_LES subbasin..

Remarks

Two methods were uéed to estiﬁafe the water crop‘

(comblned runoff and groundwater recharge)ln.the LES._

One method gave -an estlmate of" 19 44 inches whlle +the

other method gave an estlmate of 8.78 inches. Nelther '

’method gave an- estlmate whlch would account for the

runoff estlmate whlch was calculated u31ng SCS methods.

’SCS methods yleld a runoff estlmate of 22. 74 1nches.'

The dlscrepancy in the water crop estlmates can

be attrlbuted to the "global" nature of the formulas,,

',nelther of whlch has been proven to be valid locally in
fthe study area.’ Another factor affecting the estlmates
Aof the water cr0ps is the 1ack of actual data on both
evaporatlon and runoff. These observatlons p01nt to the
need for more dlrect observatlons of these parameters.v
The ralnlall—runoff plot of Flgure 7 indicate the
1nf1uence of groundwater levels by rainfall. However,

llack,of data on por031ty andzextent of‘muagrouhdwater
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Table 5

- Lockhart Elementary Schoocl Runoff Calculationé
: and Estimates, January-September 1983

e st L Ft3 Gals
. Date Rainfall = 1In - Af {1000)  (1000)
4-18-83  14.33  12.00 110.0 4;783.2° ~ 35.8
5;13483 e 1.71 0.47 4.3v‘ ~185.8 1.4
5-19-83 . 0.96 0.10 0.9 s9.8 0.3
7-06-83  1.59 0.40 3.6 157.9 1.2
7-07-83 0.83 0.06 0.5  25.6 0.2
8-02-83 ‘1;16 0.18 - 1.6 71.1 - 0.5
_8-18—83 0,91 0.08 0.8 33.2 »"0,2
8-21-83  1.92 0.60 5.5 257.9 . 1.3
'8-28-83  1.08 0.14 1.3 57.8 0.4
9-08-83 . . 0.81 0.05 0.5 21,4 0.2
10‘01—82  25.22  14.08 129.0 5,611.6  42.1
12-31-82  15.51 8.66  69.4 3,458.0 25.8
Totals £0.73 - 22.74 208.4 9,069.6 67.9

(1) Annual rainfall 51.78 inches
Average annual temperature 27.3°C
o . - .

Total rainfall January 1, 1983-September 30, 1983
= 32.16 inches _ S

Runoff producing rainfall January-September = 25.22
inches. ' R : ' '
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- continued...

Fraction o 25.22

" 37.16 - 0.78

Total rainfall~0ctobér 1, 1982-December'31, 1982
= 19.62 ' ' — :

© Runoff producing rainfall = 19.78 x .78 = 15.51
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basin.again_ﬁreqludé;difeét‘estimaticn:bf;rechargé.
»ThisaobserV;tion feflectsjthevnéed for,éédlogigélrand»
geophySical'studies’té delinéaté.thé.extéﬁt»of_the
.aquifers, as .well as hydfogeolbgicalAstudies'to deter-
mine the water—bearing Charaéteristics of ﬁhe.sub—
surface fofmations"in the‘area‘tb enable a reliabie

determination of groundwater recharge in the area.
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College Of The Virgin Islands'study Sites

Groundwater recharge in th):small watersheds in
the V;Cinity'df the coilege of the Virgin Islands (CVI)
-was‘iqvesﬁigatedAaé part‘of this study. Thesé,arebthe
"Reichh01d watershéd, Area I, covering apprbximatély.165
ééres and part of the Brommer.Hill watershed, the Gulf
Course watershed, Area II,"covering approximately 140
écfes. ‘The Brommej Hill watershed itself co?ers appro-
ximately 350 apreéf However, the basin bdundaries are
‘such that the Gdlf'Course-area can be isolated for sfﬁdy

of_rainfall—runoff—fecharge-as shown in Figure 8.

ThejéVI study sites'ére'loCated'in the vicinity
 of the College of_thé,Vifgih Islands, north of the Harry
S. Truhan Intérnational‘Airporf, approximately létitudé
18°20" norfhvénd-64°58P east{.The elevation oflthé
watersheds range from sea level to nearly'1,400 feet'at
the top of Hawk Hill.

Site T is mostly undévelopéd in tﬁe-upper reaches
~éxcept-for a few homes ana a fadio sﬁation and tdWer-at
‘the top of Hawk Hill. The area has Sfeep gradients; a
1,400 feet rise in elevation from sea level in less than
‘,4,000 feet; Conseqﬁéntly, the:area_ié chéracterized by

“rapid runoff following'significant storm eVents.‘_Theréf
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is a beachvin the lower reaches. The Reichhold Center
for the Arts is located in the valley.
~ The ﬁegetatibn Of”thé area is predominantly water

mampoo {(Corcho blanco), tamarlnd (Tamarlnous indica)

Acactus (Cephalocereus royenll) and genlp (Mllcoccus

blgugatus) The area around the Relchhold Cultural

4Center has been landscaned and planted with ornamental
trees and shrubs

| The 50113 belong to the Cramer Isaac Association,
Figure.9,vThe soil characteristics are shown in Table.
6.' The'predominant soil type‘is Cramer Gravelly clay
loam.¢overing approximatelj 90% of the area. Sixty
percéent of the area is covered by this soil type on 40-
60% slopes while the eroded variety of the Same soii
type is found on the lesser slobes of 10-40%. The rest
of the flat area, approximately tenbpercent, is éOVered
by Jaudas beach sand founa on less than 10% SIbpes
formed in marine deposits of sénd-éized:parficles of
" corals and seashélls. |

Site I1 contains.mOSt of the campus development
of thé_Coilege of the Virgin Islands. It includes a
‘grass coveredvgolf course on approximately thirty
percent of the site. About ten percent of the site,
mostly on the rldées, is built up and cons1sts of offlce
bulldlngs, classrooms and dormitories. The developed
area is landscaped‘and covered with ornamental trees and

bther'végetation. The rest of the area is covered with

water mampoo (Corcho blanco), tamarind (Tamarindus

" ag
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SOH.ASSOCUHTONS

Descalobrodo-Jocono association: Strongly sloping to 5teep,
well-droined. soils; clay loam 10 clay subsoil; shellow ond
moderately deep over volcmuc rock; on moumomsndes ond
foot slopes

Bock | 5
Capelia islands

Agullno—Fredensborg -Sion association: . Gently sloping to steep,
well-drained soils; cloy loam ond silty cloy joom moterial below
the surfoce layer; 'sholiow over soft, murly limestone; on hills,
foot slopes, and terroces ‘

Fraternidod-Aguirre-Glynn ossocmnon- Neorly level 10 gently :
sloping, well-drained to poorly droined, deep mainly clayey
soils on alluvial fons

Southgate-Porasol associotion: Steep to slopmg we“ dromed
soils; grovelly ioom 10 clay subsoil; shollow andeep over
weathered granitic rock; on mountclnmdes foot slopes and
alluviol fons

Cromer-Isaoc associotion: Verr steep to strongly sloping, well-
droined scils; clayey In subsoil; shallow and moderarely desp
over volcanic rock; on mountainsides and foor slopes

Dorothea-Victory-Mogens ossociotion: Steep ond very steep,
well-drained, deep soils; cloy 1o cloy loom subseil; on :
mountainsides .9
Cornhill-Coamo-San Anton association: Neorly level to gemly
sloping, moderately well drained ond well drained, deep soils;
cloy to clay leom subsoil; on o“u’vaol fons ond flood ploms

Figuré 9,
(28)

General Soils Map
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indiéa); céétﬁS'(cephalbcereﬂs fbyénii),'and génip

‘(MilcqccuS'bijuggtﬁs) trees. .Other unidentified species
also occur.. | | o |

The area is chafacteriied by a flat "U"-shaped
Valley'on'which the'gblf_cburse'ié situated. The upper
reacheé of the basin‘contaih steep slopes'of over 40%,
and fises to nearly 1,400 feet at Hawk Hill._ Rapid
runoff from the steep slopeS‘rechargés the‘groundwater
in the valley. There’are-éeveral wells on‘thevgo1f
course,‘twofof which are used by the College for water
supply-

The soilscnlthis‘siﬁe aiso'belong1x§the0ramer—'
: Isééc Association, Figuré 9. The soil charactéristics
are shown in Table 6. ihe;predominant soil type ié
CramérbGraveliy'clay loam.cqvering approiihatély nihetj
- five peréent_of the area; :$he other five percent.is

~ covered by soils of the Jaucas beach sand.

- Data

‘Daily rainfall and temperature data are available
from the adjacent Harry S. Truman Intérnational Airport
for'neafly 20 years.  The Collegelof the Virgin‘Islénds
© also maintained daily rainfall data during 1982-83.
Rainfall data at the College of the Virgin Islands .
during 1982-83% ;nd at the adjacent Harry S. T;uman
Intérnational'Airport_are shown in Table 7. However,
Wéter‘level records are oﬁly available f0r thé last two
years. Groundwéter'productioﬁ recdrds.for wells in the.

‘area are also available and are shown in Table 8.
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‘ , Table 7 : ,
'_Rainfall at the College of the Virgin Islands, St.Thomas
: ~October 1982-September 1983 e

1982] . 1983] 'v P | 1ess
{ pay : - o : :
) Occ | Nov | Dec "Jan | .Feb Mar | Apr May June | July ‘ Aug | Sept
1 | o.01| 0.2 o.62| ; 0.05 | 0.03 | o0.14
2 | 0.04{ 0.07| 0.24 | 0.02 0.08 | 0.22 | o.81
'3 | 0.07} 0.02 | o.or | - |- 9.01 |'0.01 | 0.25 | 0.02
4 0.01{0.03 | 0.05] 0.02 | B T £ 0.02| 0.15°|
5 | 0.06]0.07 | 0.14] 0.01 | 0.08} 0.28 | ‘0.02 | 0.12 | o.01 :
6 0.76 .. | o.18 | 0.0 . 0.96 | 0.04} 0.05
7 A ~0.02% - 1 o.11f 0.05 | -{ 0.21 | 0.30
8 R 0.01 | 0.29{0.01 | 0.27{ 0.06 | 0.02 | 0.14 0.20 "4 0.25
9. 0.0 | o03] |om 0.80 | 0.31
10 | 0.01{ 0.01
1n ozl | {o.0s | o.06
12’ 0250 | o.o5) o:.zb - 0.27 | 0.07{ 0.02
13 0.03 1 ' 1 0.45} 6.25 1 0.04
14 | 0.06f0.02| 0.03 0.05 0.16 | 0.35 | | 0.07
15 | 0.06 o.s4 | | . |o.uot . |00 | }o.04) cos
16 | }o.s9|o0.06| . 0.09 ﬁ 0.01 - jo.os | 1 0.06. | 0.03
117 | . jo.02 | e.10] -~ jo.e2 T o 0.19
18 | 0.88] 0.32 ' ' , 1 0.06. | 0.35} 0.20
19, '1._1,4 016 R 31 i5.80 | 0.02 | 5.52 | i 0.03
20 | 0.66] 0.16.{ 0.88 : o5 | oso 0.03 | 0.05]0.14
21 |eo3foor| | |30 0.2% | 3.43 | - 1.41{ 0.48
22| 0.08] 0.05 0.02 0.44 1o0.06 | o.01{o0.04
23 | 0.49] 2.20| 0.12 0.02 1 o0.33
2 |o.oajessloos) | | 1 | B 0.93
25 | 0.07] 0.01}0.02 {o.o0 | é.as B 0.01 | 110
|26 [o.0s] Jo.02| oos| 0.0 | 0.09 | 0.02 o3
27 {0.12] 0.13{ 1.40 i | 0.70
28 ~ 0.90 | 0.04] oo2f .| . |o.o1 ) 0.30
29 0.38{009 | oot| | | o o8 |o.14
30 |0.57]|0.23 o.o2| | b Lo
31 | o0.03 RN ' _ o '0.30
‘ 4.60] 6.92) 4.46 | 1.61|3.78 | 1.30/16.99 | 6.91 | 7.64 | 4.40 | 3.56] 2.67
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 TABLE 8

GROUNDWATER PRODUCTION AT CVI

STUDY SITES, 1982-83

Total Pféduction (XlOé.gélSy)

Year Month 1 Site I Site II
1082 October 0.29 0.36
| November 0.13 0.28
Deéember 1'{0~ 0.40
1583 Jaﬁuary -0~ 0.34
s February 0.06 0.13
March 0.02 -0-
April 0.02 0.40
. May 0.47 0.54
June -0~ 0.24
July -0- '0;56
August | ~o- 0.67
' September -0- 0.61
TOTALS 0.99 4.53
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Analyses And Résulth

Site I: Reichhold Center Area

' The total rainfa1l;dﬁrihg the year (October f,
1932~Sepfémber 36,_1983) as recorded at thé‘College_isv
68.98 inches; During this period, the‘tofal rainfall

producing significant»runoff‘amount to 39.47 inches.

"Thé water crop-(combined runoff and groundwater re-
_chérge) calculafed qsing equation (i) is 34.30 inches.
The runoff calculated using SCS—méthods(3?)'ié
~16.48 inches, Table 9, or_aboﬁt 210 acre-feet per year
over the area. ‘The groundwater recharge therefore is
v17.82.inchGSj(34;30—16,48)r The influence of rainfall
.on‘groundwater.levels in tﬁe'aréa isAshown.in Figure~10.
Water pfoduction’from’ﬁellsvat the site duringﬂéhe same:

period is shown -in Table 8.

‘Site II: Golf Course Area

| The total rainfall for Site II is assumed to be
equal to that of Site I, and is taken as 68{98'inches..
‘Rainfall producing significant runoff is also %9.47

inches. The water crop (combined runoff and grOundwater>

rechafge),is also 34;30'inches.‘

The runbff calCulated using SCS-mefhods(Bz),is
18.65 inches, Tablé 10,'or:near1y_220 acre-feet per year
 Qver the.area.' Thé amount of watgf_available fof
,groundwatér recharge is 15.65 inohes;; Groundwater

production during this'périod is shown in Table 8.
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-~ SITE I: REICHHOLD CENTER RAINFALL - RUNOFF

v 'TABLE 9.

CALCULATIONS OCTOBER 1982-SEPTEMBER 1983

(@)

Omitted from totals

46

| Runoff
Date Rainfall | INS AF Ft3 103 | Gals. (X106)
1.0 10-01-82 0,011 | o 0 0 0
2.| 10-18-82 0.88(1) | o 0 S0 0
3. ;10—19—82. 1.44 0.07 0.96 41.7 0.3
4.| 11-06-82 0,76 | o 0 0 0
5. ] 11-23-82 2.20 0.32| 4.41| 191.6 1.4
6. 02-21-83 3.50 1.01| 13.86 603.0 4.5
7.| 04-19-83 | 15.80  [11.61|159.67 | 6,945.6 52.0
8. | 05-09-83 0.0 | o | o 0 0
9.|.05-21-83 3.43 | 0.97| 13.30| @ 577.3 4.3
10. | 06-19-83 5.52 2.43 | 33.41 | 1,453.3  710f9 s
11. | 07-06-83 0.6 | o | o 0 0
12. | 07-24-83 0.93(1) 0 0 0 0
13. | 08-02-83 0.811) | o 0 0 0
14. | 08-21-83 1.41 0.06 | 0.87 37.8 0.3
15. | 09-25-83 1.02 0.01| 0.08 | ,003.6 (0.03) (2)
16. | 09-30-83 0.00 0 0 S0 0
TOTALS 39.47  |16.48 | 213.65 | 9,853.9 | - 73.7

Notes (1) Insignificant runof£tgenerated by this storm event . .-
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" Figure 10

Rainfall;énd Groundwater Levels at CVI Study Area
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Figure 10 (cont
Rainfall and Groundwater Levels at CVI Study Area



SITE II:

TABLE 10

GOLF COURSE RAINFALL -

'CALCULATIONS OCTOBER 1982-SEPTEMBER 1983

RUNOFF

Rﬁnoff
Date Rainfall INS | AF re? 103 |Gals, (x106)
1. [10-01-82 | o0.01 0 0 0 0
2. [10-18-82 | 0.88(1) 0 0 0 0
3.]10-19-82 1.44 0.15 | 1.70 73.9 0.6
1. [11-06-82 o B 0 0 0 0
5. |11-23-82 2.20 0.48 | 5.64 245.2 1.8 .a
6.02-21-83 3.50 1.30 | 15.19|  660.7 4.9
7. |04-19-85 | 15.80 12.40 |144.69 5,293.9‘ 47.1
8. |05-09-83 o () 0 0 0 0
9. [05-21-83 3.43 1.25 | 14.61 635.6 | 4.8
10. [06-19-83 5.52 2.88 | 33.57| 1,460.2 | 10.9
11. {07-06-83 0.96 - 0.02 | 0,28 12.0 0.1
12. |07-24-83 0.83(1) 0 0 0 0
13. |08-02-83 0.811) 0 0 0 0
14.|08-21-83 1.41 0.14 1.58 68.8 0.5
15. [09-25-83 1.02 0.03 | 0.40 17.2 0.1
16. |09-30-83 0.00 0 0 0 0
TOTALS | 37.81 18.65 |217.66 | 9,471.40 | 70.8
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_ Remarksv

| The summary-of ralnfall-runoff-recharge cond1~
_tzons durlng 1982-83 at the two study sites adgacent to
the College of the Vlrgln Islands are shown in Table 11.
 The available data indicate approximately 69 inches of
rain was recorded during the past year. Th*e is signi-
flcantly much more than the average annual ralnfall
generally expressed 1n-the llterature’as 45 1inches.
donsequently, it can be concluded that 1982—83 wae a wet
year in the historical record. Using a'global formula,

equation (i),Athe water crop deflned as combined runoff

and groundwater recharge is calculated to be 34.30
1nches for the year. Assumiﬁg the-validlty of +this
formula for the Virgin Islends,.approximately half of
“the inéident_rainfall:resﬁlted in runoff and groundWater
recherge. | .

Runoff is calculated u51ng establlshed SCS
'methodsx33) Runoff calculated for Site II is 19 inches
and slightly more than Tunoff calculated for Site I
which is 16 inches, &espife similarities in topograﬁhy‘
ahd a smaller area for Site II. . This‘result can be
attributed to greajer development on Site.II as'oompared
with Site I. | |
| Water available for groundwater fecharge in Site
IT is 16 inches and in Site I is 14 inches. Potential

‘groundwater recharge at Site I is approximately 81
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'million gallé_ns', 'wh’ereas‘_les.s im'anj million gallons
were puﬁpéd‘&ufing_fhe jear,v1Pdténtialjgroundwatef
v_rechargé at‘Site II is 61_million-géiions”Wheréaé less
fhan‘S million gallons were puﬁped.v Qonsequently,:there
is Signifiéantly'more gr0uﬁdwater‘iﬁfeachVarea than ié
-présently Being withdrawn. | » |

~ These results would inaica%e ﬁﬁat.the~slight1y
'MOre'developéd SitefII‘receiVes 1éss wéter for
groundwatér'récharge and geﬁerates'more runoff than the
less deVeiopéd Site I. This result is to be expected.
However, more definitive réseafch needs to be»undeftaken.
in order fp eétablish'the ro1e ef.differént'vegéﬁatiQe_

cover on the groundwater regime in the area.
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IV CONCLUSIONS AND RECOMMENDATIONS

‘The Virgin Islands are undérgoing éhangés in land
use patternb from predomlnantly rural to urbanlzed.
These changes are bound %o affect the groundwate:
regime. Three small ba31ns were 1nvest1gated in order
to determine the effectS»of changes in 1and_use on the
availability of groundwater.‘ These basins, while being
~similar in area, topography, and geology and éubject to
the same hydrglogic,influenqeé were notzall.similarly
develdbed. | _

| Ail‘methods apélied in usihg the coliected and
véry limited ava1lable data, though not in agreement as
to the magnitude, did concur that urbanlzatlon negative-
ly affected the quantlty of groundwater recharge.

_" One of the pr1n01pal dlfflcultles encountered in
:‘ths undertaklng was the lack of ba31c hydrologlc data
 not intrinsic to thls study. Estimates had to be made
of’séil porosities, long té:m valués of annual
_evaporatibn,'rainféll and runoff. The laftér parameters_'
aré:routinely mdnitored by local aﬁd state and federal
agencies on thé mainland of.the.United States. This is
not the case in the United States Virgin Islands.

While-anAéxtensive data Collection program may
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-seem,expeneive,‘the‘#orth ofﬁif will Be::ealized when
| etudies s'u‘ch as this bne are éohducté&. Studies’ cf» this
nature are cru01a1 1n formulat:on of plans and pollcies
for land and water usage. |

| It is recommended that fﬁrther research be
conducted.to more specifically define the role of not
only land use effects on gr@undwatei fecharge but also
the effects of VariduS'typee of vegefative»doﬁer on
groundwater recharge-in the Virginblslands. When these
effects are known, Proper management strategiee for
ﬁndeveloped‘areas in the islands will result in substan—
_tlal enhancement of the already scarce and precious
| groundwater resources.

It is strongly recommended'thet.priofity be given
to establishment of an exfensive basic hydrologic data
‘cellectien»netwerk in the Virgin Islands. Without data
- from this source;ewater :eseﬁrces planning efforts are

- pointless.
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