





Groundwater Potential

The College has relied on groundwater to augment its water
supply. An assessment of the groundwater potential at the College
was conducted in conjunction with the United States Geological
Survey, Caribbean District, San Juan, Puerto Rico, as part of
this study. A detailed report on the technical findings is
scheduled for March, 1984. Some of the preliminary findings are
reported here. Rainfall and groundwater levels were monitored
over a two year period to provide the background data for this
report. In addition, surface and borehole resistivity surveys
were conducted.

The subsurface geology as determined from well logs and
geophysical data consists of lava tuffs and fractured igneous
rocks of the Louisenhoj Formation, which was first described by
Donellyxlg) Along the western half of the golf course, igneous
rock predominates, Figure 9.

A generalized sketch of the hydrogeology at the Reichhold
Center well field is shown in Figure 10. Groundwater is found to
occur here in small fractures in the igneous rocks as well as in
the surficial deposits overlying the igneous rocks. Mountain
front recharge occurs as a result of concentration of runoff in

the valley following rainfall events.
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The College was withdrawing approximately 20,009 gallons of
water per day (or about half its daily needs) from the well
fields. Actual production figures from the Golf Course and
Reichhold Center wells are shown in Table VII and Table VIII
respectively. Based on tests conducted at the two well fields,
the aguifers could have long term yields in the order of 45,000
gallons per day (in excess of its present demand); 39,990 gallons
per day at the Golf Course and 15,9090 gallons per day at the
Reichhold Center. However, optimum groundwater production will
require improvement in present aquifer management practices.

Several problems hamper the optimum exploitation of the
groundwater potential at the College. Plumbing problems; pump
failures and associated electrical faults; lack of proper ground-
water level, water production and water consumption records
combine to make the operation of the water supply system less
than optimum. A critical finding here is that there is no concept
or scheme for the maximum exploitation of groundwater. Water is
pumped as needed rather than when it is in abundance.

It is possible to recover even greater amounts of water from
the wells if these were connected to additional tank or cistern
capacity exclusively for groundwater storage following periods of
significant recharge. At present there is no recovery scheme for
groundwater, only for rainwater which is stored in tanks or
cisterns and invariably used first. The present practice is to
resort to groundwater when the rainwater collected in the cis-
terns has been used up. This practice and its underlying
assumptions, given the hydrologic conditions controlling the

aquifers at the College, are rather unfortunate.
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TABLE VII

GROUNDWATER WITHDRAWAL FROM GOLF COURSE
weLL FIELD(Y) (Aug. 1982-Sept. 1983)

Average withdrawal (2)
Year Month Gallons per day
1982 August 23,000
September 16,000
October 11,500
November 9,300
December 12,800
1983 January 11,000
February 4,500
March -0~
April 13,300
May 17,400
June 8,000
July 18,000
August 21,500
September 20,400

(1) Production taken from two 6-inch wells.
operating due to pump/electrical failures.

Sometimes only one well is

(2) Daily averages recalculated from monthly totals.
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TABLE VIII

GROUNDWATER WITHDRAWAL FROM REICHHOLD
CENTER WELL FIELD(l)

Average Withdrawal

(2)

Year Month Gallons per day

1982 August -0-
September 7,000(3)
October 9,250
November 4,170
December -0-

1983 January -0-
February 2,300
March 750
April 750
May 35,800(*)
June -0-
July -0-
August -0-
September -0-

(1) Water production from the well feeding the Reverse-Osmosis plant.

(2) Daily averages recalculated from periodic readings.

(3) The well was pumped for less than 15 days.

(4) The well produced at this rate for only 13 days, prior to Reverse-

Osmosis plant failure.
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The traditional concept of aquifers (developed invariably
for large inland aquifers) as long-term storage reservoirs for
water makes little practical sense in the cases of limited,
coastal aquifers on small islands whose structural and hydrologic
features render them unsuitable for long-term storage. In these
cases, the aquifers can best be used for short-term storage. The
structural and hydrologic features which render these aquifers
unsuitable for long-term storage include their limited extent,
evapotranspiration from the water table and hydraulic gradients
favoring groundwater flow towards the oceans, especially follow-
ing significant recharge events. To increase the productivity of
these aquifers, a change in the way they are presently utilized
and managed is necessary.

A different approach to the utilization and management of
limited coastal aquifers, such as those found at the College, is
proposed. The underlying logic of this proposal is similar to
that governing the rainwater catchment-cistern storage system
which is widely used throughout the island. The main features of
the rainwater catchment-cistern storage system are well under-
stood and have served the Virgin Islands very well for several
decades. If the same concept is applied to groundwater harvesting
and storage, it should assist in alleviating the water shortage
problem facing the islands.

The rainwater catchment-cistern storage system operates as
follows. Impervious surfaces, such as rooftops or specially con-
structed impervious surfaces on hillslopes, are used to collect

rainwater. The rainwater thus collected is routed to a storage
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reservoir, from which the water is later withdrawn. The four
major engineering design factors are rainfall, catchment area,
storage capacity and water demand. Rainfall is an uncontrollable
random factor.

The stochastic nature of rainfall largely determines the
storage capacity required, given a set of values for the
catchment area and the demand pattern. Economic considerations
involving trade-offs between the costs of building cistern
storage and catchment surfaces as well as the cost of providing
alternative water supplies serve as a constraint in the final
determination of the optimum storage capacity.

Experience has shown that it is economical in the Virgin
Islands to build sufficent storage capacity to accomodate demand
by harvesting rainwater. Since catchment surfaces are limited,
especially when roof areas are relied upon for water collection,
it seems logical to extend this concept of rainwater harvesting
to include groundwater accumulated as a result of recharge from
rainwater infiltrating through pervious soil surfaces. Such
groundwater harvesting, potentially, can yield more water than
water harvested by roof collection systems.

Although groundwater is utilized in the Virgin Islands and
at the College, the practice is to turn to groundwater when other
options have been exhausted. For example, the College did not
drill additional wells for water supply until it faced a severe

water shortage.
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There is considerable.amount of recharge reaching the agqui-
fers following significant storm events. Unless this water is
pumped it is lost quickly. Firstly, there is evapotranspiration
losses from the water table. Secondly, the groundwater level
gradient in the general direction of the sea means that fresh
groundwater flows towards and is discharged to the ocean. It
should also be realized that we are dealing with small aquifers.
The traditional concept of aquifers as long-term storage storage
reservoirs makes little sense in the case of these small, limited
aquifers, whose structural and hydrologic features render them
unsuitable for long-term storage. In this case, the aquifers can
be used for transient storage. Water from major recharge events
will be pumped into surface storage such as elevated tanks and
cisterns built specifically for groundwater recovery. Operated in
this manner there will be available storage in the aquifer for
the next recharge event.

Presently, following major storm events, both groundwater
recharge and filling of cisterns occcur. Water from the cisterns
is utilized first. Meanwhile groundwater is being lost to evapoé
transpiration and natural discharge to the sea as a result of the
favorable gradients induced by recharge. If the exploitation of
groundwater takes place first, then it will be possible to inter-
cept most of this natural discharge while preserving the water in

the cisterns. Furthermore, tank storage can be built specifically

for groundwater recovery.
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The design, operation and management of the proposed ground-
water recovery system will have to be worked out in detail for
each case. At the College of the Virgin Islands for example,
total water needs of the College can be satisfied by incor-
porating this concept of enhanced groundwater recovery into the

overall water management system.

Proposed Improvements to the System

The College is less dependent on the public water distri-
bution system today than it was five years ago, as a result of
instituting water saving measures and drilling additional wells.
Even though the reliability ef the public system has improved,
the cost of reliance on this system has also tripled in this
interval. Figure 11 is a simplified representation of Figure 5
showing elements of the water supply and distribution system.
This schematic shows the following su sources:

Hillside Catchment,
Golf Course Wells,
Department of Public Works (DPW) Mains,

Reichhold Center Wells, and
Rooftop Catchment.

ML=
N

-Storage is composed of intermediate cisterns, a 1 MG round tank

and a 67 Kgal tank which also acts as gravity feed for the

system. Water is distributed to nearly all the buildings by the

system.
The Hillside Catchment -~ Red Catchment - is deteriorating.
Its operational loss will be costly to the College. Its surface

area, used for water harvesting purposes, 'is nearly equivalent to

the sum of all the rooftop areas on the campus. Rooftops pre-
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sently not connected to cisterns should be connected and fitted
with pumps. Proper operation of the rooftops and Hillside Catch-
ment in conjunction with all available storage could yield up to
20,009 gallons per day of rainwater harvest, which represent
nearly half the present needs of the College. The wells are
potentially capable of supplying 45,999 gallons per day,-  more
than the present needs of the College, but here again improved
management is the key. The DPW mains could also potentially
supply all of the needs of the College but this is very expensive
water.

Integration of all these elements is strongly recommended.
The need for additional capacity to store increased water
harvests is obvious, the size requirements could not be deter-
mined at this time. Determination of an optimal storage size will
require refinements in our water use or demand estimates, addi-
tional work on water supply availablility and a detailed economic
analysis of water supply alternatives identified here.

However, a new redesigned water supply and distribution
network is urgent and would serve to eliminate invisible water
losses in the system as well as better serve the needs of the
College. This recommendation is not new, in fact it is ten years
old.

The College is conscious of many of the shortcomings in both
its water supply and distribution system. The Physical Plant
Department has developed a proposal, which we recommend, invol-
ving certain improvements aimed at upgrading the system, which

can be regarded as a first-phase in a phased-~development program
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which should culminate in an economically efficient system,

Figure 12.

Supply Sub-system

Proposed improyements to the supply sub-system are designed
to collect the water product of all rooftops from which rainwater
is currently lost to runoff, and conduct this harvest to the 1 MG
tank, through new piping and pumps, with intermediate storage in
existing facilities.

At the south-west area of the campus, water collected from
the Field House (building number 24 in Table IV), Humanities
(25), Classroom/Administration (26) and the Harvey Student Center
(27), would be conveyed to the 30 Kgal cistern near the
Humanities building, and pumped to the 145 Kgal tank between the
Roupp (13) and Health Service (14) buildings.

The 145 Kgal tank would also collect, by gravity, rooftop
water harvests from the Library and Academic buildings (1-5).
Water would be pumped from the 145 Kgal tank to the 1 MG tank,
and any overflows from the cistern at the Student Activities (8)
using the same pipeline. Essentally these cisterns and 145 Kgal
tank will serve and be operated as intermediate storage for
rainwater harvesting.

This, as stated earlier, should be regarded only as a first-
phase proposal. Subsequent phases will address the whole problem
of complete utilization of all rooftops for rainwater harvesting;
the Physical Plant building (22), and other buildings are not

considered in this phase.
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Distribution Sub-system

A first-phase proposal for upgrading the distribution sub-
system suggests abandoning most of the existing main distribution
lines, both the 0ld, metal pipe system inherited from the
military and the relatively new, largely plastic pipe system
installed since establishment of the College. The rationale for
this is that the former is seriously deteriorated and therefore
subject to water loss through leakage; and the latter was not
properly installed in the first place, and is subject to breakage
with all its attendant problems.

The new distribution main outlined in this proposal seeks to
achieve the following objectives:

i) eliminate loss through leaking or broken pipes by

replacing the existing system with a properly
installed network, surveyed and recorded, and fitted
with detectors for easy location in the future;
ii) establish a zoned distribution system, which will
permit the installation of meters at zone
locations, to help monitor possible losses, and
maintain a higher level of water accountability than
obtains presently, for management purposes;

iii) using appropriate valves, provide for alternate
supply to zones in the event of serious problems
anywhere in the system;

iv) provide for reasonably close connection availability

for future building development, while avoiding
major re-routing.

The double loop configuration of the proposed system in the
form of a figure eight is conceived to meet these objectives. For
example, in reference to (iii) above the south-west area of the
campus is presently served by one line, and a serious problem

along this line necessitates cutting off water supply to the

entire area; the proposal provides three potential supply lines
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which, with appropriate valving, could ensure maintenance of
service to the area regardless of any major problem within the
network.

However, no matter how carefully a distribution system is
conceived, designed and constructed, it will be of little benefit
to the College if there is no water, or only costly purchased
water, to distribute. Further study is obviously needed to deter-
mine an optimum storage capacity for water harvesting purposes so
that the College can be totally self-sufficient in meeting its

water needs.
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Iv. ECONOMICS OF WATER SUPPLY

The total costs of supplying water to the College could not
be determined as part of this study. The only costs available
were the charges for the water purchased from the public water
distribution system. The internal costs of operating, maintaining
and improving the system could not be readily determined. It is
suggested that a separate water account be maintained to assist
in optimizing the improvement, operation and possible expansion
of the water supply and distribution system.

During the last three months of 1981, from October to
December, the College paid approximately $32,508.09 for almost
3.3 million gallons of water, Table IX. This amounts to an
average price of $18.06 per 16990 gallons ($10.96/Kgal). Using
this average price, it is estimated that the College paid nearly
$39,000.09 for the 3.9 million gallons of water supplied during
April to September 1981 from the available purchase records. The
water purchases from January through March 1981 were not avail-
able, but an assumption was made that the water purchased during
this period was at the same level as during the subsequent three
months (April - June). The additional expenditure must have been
approximately $19,9099.99 for nearly 90,009 gallons of estimated
consumption during this period, for which records were not avail-

able, Table IX.
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TARLE 1X
WALER PURCHASE FROM TUE PPUBLLIC DISTRIBUTION SYSTEM, 1981-1983(1)
- —_— -
\m 19812 1982 19834
Honthly Dofly Monthly Monthly Dally Honthly Honthly Delly Honthly
Purchancs Average Charges Purchavoe Avorage Chacgue Purchases Averago Chargen
Month \ (x1000 Gnl) | (x1000 GPD) ) (x 1000 Ca)) | (x 1000 GID) ($) (x 1000 Cal) (x 1000 Cnl) ($)
Januaty 623 20,1 6,270 1,031 333 9,797 -0~ -0- -0-
February 62) 22,) 6,270 1,395 49.8 13,045 11 4.0 1,151
Harch 623 20,1 6,270 1,416 45.7 13,261 746 4.1 7,857
April 622 20.7 6,260 1,926 64,2 18,172 335 1.2 3,754
Hay 628 20.3 6,320 1,007 32.5 9,503 142 4.6 1,487
June 620 20,6 6,240 -0- -0- -0- -0- -0- -0-
July 688 i, 8,900 163 3.3 1,653 603 19,3 6,332
August S06 16.3 5,090 168 5.3 1,65 1,071 34,6 11,25
Supteabur 795 26.5 8,000 580 19.3 5,798
October 1,092 35.2 11,539 560 18.1 5,789
November 820 27.3 8,720 -0- -0~ ~-0-
Decembur _ | 1,312 42,3 12,169 24 1.8 2,843 e
Yuer
fotals 4,950 24,8 90,048 8,488 213 81,316 3,008 12,4 31,831
$10,06/kgol $9.60/kgal $10.58/kgnl

(1) Doaca supplied by the Phyeical Plunt Dupartment.

dollac,
lar month.

Tho actual tigures supplled covered the perfod April 1981-Agugust 1983, 1he
monthly purchnses have been rounded off to the nearest 1000 gatlons, while monthly charges hove boen rounded up to the nearest

{2) Seo tost for explanantion on tho derivation of purchaves fur Jowuary-Morch 1981,

(3) The purcheees for July and Auguat 1982 wure Jumpod together {u the raw data,

made hera.

(4) Only filgurcs from Junuary to Auguet 1983 were avallpnble at the clme of thle report,
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3

3
3

~3 T3 73 73 73 73

The College paid nearly $82,000.60 in 1982 for its water
purchases from the public distribution system. The total amount
of water purchased was almost 8.5 million gallons. The monthly
charges are shown in Table IX. The average price of water
purchased from the public distribution system in 1982 was
$9.60/Kgal. The unit price of water recently approved by the
legislature is $17.50/Kgal. The 1982 water bill for the College
would have been closer -to $159,000.90 at this new price.

During the first eight months of 1983, the College paid nearly
$32,000.08 for water purchased from the public distribution
system. Increased groundwater production from College wells and
inreased rainwater harvesting are the only ways by which the
College can reduce the high costs of purchasing water from the
public distribution system. The successful implementation of any
of these strategies will require additional storage capacity to
store the increased water harvests.

If the College maintains its dependency on public water at
the 1982 levels, then it can expect to pay over $150,0900.99 a
year on potable water purchases in the future. Ultimately when or
if the legislature of the Virgin Islands decides to charge the
full costs of water, this figure will rise considerably. For
example, if the College pays the rate charged by commercial
haulers for trucked delivery for all its water purchases then its
water bill in 1982 would have been closer to $500,909.89 for the
8.5 million gallons of water purchased at the average delivered
rate of $55.ﬁﬂ/Kga1.(2g) Incidentally, the College relies on

trucked delivery for its Faculty East housing whenever the cis-
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terns there run dry. This unit should be integrated into the
campus water distribution system to save money on trucked water
deliveries. Separate records of water purchases for the Faculty
East housing could not be obtained during this investigation.
Water rates are éxpected to increase until rates approach
the true costs to the government. Under this assumption, rates
could easily reach the $30.899/Kgal level within the next two
years and possibly $58.09/Kgal level within the next five years.
The College, if it maintains its dependency on public water,
could be paying up to $590,008.00 a year for its water supply.
The cheapest water available to the College will continue to
be water harvested at the College either from rooftop catchment
or groundwater pumped from wells. The total costs associated with
this harvested water are relatively small compared to the annual
costs of water purchased from the public. system. The only large
costs associated with water harvesting are the costs of con-
structing the storage tanks. Table X shows the estimated costs of
constructing various levels of storage in 1983 dollarsJZl) These
costs do not include land aquisition or land preparation costs.
It is not expected that the College will have to bear any signi-
ficant land aquisition costs since the structures would be
constructed on College property or government-owned property
adjacent to the College. The costs of land preparation are also
expected to be minimal. The annualized construction costs for
different sizes of storage are also shown in Table X at various
discount rates, assuming a fifty-year life or amortization for

the storage tanks.
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TAULE X
ESTIMATED COSTS OF CONCRETE TANK STORAGE, l98]“)
Eatimatud Couts Aunnual Costa (350 Yuur-Lt(u)(z)

Stornge Total Coat Per Cost Pur (o Intereet) SX 10% 15% 20% 25%

. . . . . , 25000
Copacity | Gonta el lon 1000 Gal _(0,020000) | (0.034777) | _(0.300859) | _(0.130139) |  (0.200021) | _(0.25000)
wey | ) (§/6n1) (#/Kgal) $1000 | $/Kgad | $1000 |$/Kgal | $1000 |§/Kgal | $1000 |9/kgal | $1000 | $/kgad | 51000 | §/Kgad
1 0.375 0.38 375 7.5 1.5 20,5 | 20.5 37.8 | 37.8 56,3 | 56.] 75.0{ 75.0 93.81 9.8
2 0.595 0.J0 298 11.9 6.0 32.6 ) 16,3 60.0 | 30.05 89,3 | 44,7 119.0] 59.6 148.8 ] 74,5
4 0,935 0.23 234 18.7 4,7 51,2 12,8 94,3 | 23,6 140.4 | 35,1 167.6 46.8 233.8| 58,5
) 1.110 0.22 222 22,2 Y] 60.8 | 12.2 |111.9 | 22.4 166,7 | 22,4 |222.0| 44.4 217,85 55.5
8 1,650 0.21 206 3.0 4,1 90,4 | 11,3 | 166.4 | 20.8 247,17 | 20,6 {2330.0( 4l.2 412,81 51,5
10 1,948 0,19 . 198 36.9 3.9 106.5 | 10,7 }196.2 | 19.7 292,0 | 19.7 |369.0/ 239.0 486.3 [ 48.8

(1) bvesign, enginearing nnd constructlon coute, excluding land acquieition and site preparation costs. FPatimatus provided by Prnncolo(zl)

(2) Capltal Revovery foctore are ehown below the intercet ratee (in parenthesis).
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The estimated total costs of constructing concrete tanks
shown in Table X range from $375,009 for a one million gallon
(1 MG) capacity tank to $1,945,000 for a 10 MG capacity tank.
These costs are $0.38 and $8.19 per gallon respectively. At a
five percent rate of interest and assuming a 58-year life for the
structure, the annualized costs are $20,500 for 1 MG tank and
$32,600 for 2 MG tank. These annual costs can also interpreted as
$20.50/Kgal for 1 MG tank and $16.38/Kgal for 2 MG tank. These
costs compare favorably with the present cost of public water at
$17.50/Kgal, which is expected to rise. Site preparation costs
and the costs of installation of water harvesting materials
(annualized) should be added to these annual costs of providing
storage in order to arrive at total costs of storage for strict
comparability with the costs of publicly-supplied water.

The interest—-free annual cost of st.'orage for 2 MG tank is
only $6.00/Kgal compared to $16.39 at five percent interest. The
College should be able to obtain loans in this range. The College
should also be able to obtain grants from appropriate federal
agencies such as the Department of Housing and Urban Development
Block Grants Program, Farmers Home Administration or the Economic
Development Administration. The College may also qualify for
Environmental Protection Agency assistance in cleaning the old
aviation storage tanks buried on College property to eliminate
the possibility of groundwater contamination. These can then be
used for water storage.

The College should give serious consideration to auditing

the actual water use to determine the distribution losses. Under
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this approach it will be possible to reconstruct a campus water
distribution system oriented towards optimizing all sources of
water. To some degree the present distribution system is obsolete
in that it was not designed for its present use, but to meet the
needs of the Armed Forces which owned the facilities.

Considering the available water charges and estimates of the
costs of developing alternative supplies, it is concluded that
water from the public distribution system is the most expensive
alternative available to the College, while groundwater and water
harvested from rooftops represent least cost alternatives to the
College. Consequently, any expenditures on alternatives to reduce
dependency on public water will result in considerable savings to

the College in the long run.
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IV. DISCUSSION

The present water requirement of the College is estimated at
40,000 gallons per day. This requirement is expected to increase
to nearly 60,000 gallons per day by the end of the century if the
College attains an annual full-time student growth rate of five
percent per year. The average annual growth rate at the College
for the past four years has been less than ten percent following
several periods of declining enrollment. The present water demand
and future water demand under the five percent annual growth rate
assumption can be met from rainwater harvesting and instituting a
groundwater recovery scheme. However, improved water management
and conservation practices will have to be adopted.

The traditional and popular concept of utilizing aquifers
for long-term storage of recharge, which-.underlies the operations
at the College, is not wvalid in this case of limited aquifers
subject to relatively high water losses following significant
recharge events. This natural discharge should be intercepted and
stored in surface tanks or cisterns specifically built for the
purpose of groundwater recovery to augment the quantity of water
available to the College. However, improved water management and
conservation practices will have to be followed.

The quality of water management decisions depends to a large
extent on the quality of the information on which such decisions
are based. Presently, the required information on which to base

optimal water management decisions is lacking.
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The College has relied on five sources of water supply in
the past. A sixth "source" of water supply can also be added.
This is water saved as a result of instituting conservation
measures. The Collegefhas saved over 20,000 gallons per day of
water in the last five years through conservation measures. This
effort is commendable and amounts to a savings of over $12,000.00
per year at current water rates.

Between 1975 and 1981 the College experienced shortages of
water due primarily to the loss of water from the public distri-
bution system. This was caused in turn by the failure of the
desalination plants operated by the Virgin Islands Water and
Power Authority (VIWAPA). The College was forced to resort to
water rationing on campus. This rationing caused severe problems.
Strict rationing reduced demand from 69,099 to 30,008 gallons per
day in 1988. Without rationing, the water consumption is approxi-
mately 40,000 gallons per day.

A proposed recommendation to build additional cistern
storage of 50-69,000 gallons of water per day West of the Nursing
Building was never implementedjzz) A proposal to repair the
catchment to yield an additional 5,700 gallons of water per day
was also never implementedxz3) However, the College drilled
additional wells and installed a Reverse Osmosis (R-O) plant.
Strictly speaking the R-0 plant does not increase the quantity of
groundwater available. Its role in the overall water-supply is to
improve the quality of saline water to make it potable. If there
were no reverse osmosis plant the gquantity of water available

will still be the same. From its functional standpoint the R-0
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plant could have been located where it would polish water to a
given standard prior to conveyance for distribution. At present
not all taps on campus have water of the same quality since there
is not a single distribution point to feed the entire campus.
Increased water harvests can be obtained by repairing the
hillside catchment and utilizing the several thousand square feet
of rooftop not currently being utilized for rainwater harvesting.

Once an integrated water supply and distribution system is
established and all inflows (supplies), outflows (distribution),
and changes in storage accounted for to enable mass balances to
be computed for the system, then sufficient data would be avail-
able to assess storage needs which at present is sufficient for a
45-day supply.

There is no reason why the College cannot improve on its
present water management practices to solve its water problems
and serve as an example to the community or other islands. In
most cases, what is required is a diligent and adequate
accounting (both physical and economic) of the water production,
harvesting and consumption at the College as input into better
water management decision making.

In the past the reason stated by College officials for
reducing the dependence on the public system has been the un-
reliablity of the supply from the public system. Economic reasons
did not appear to have been the primary factor, considering that
the unit cost of water at the time was artificially low. Even
then, calculations provided by the Physical Plant Department
showed the economy of a reduced dependency on publicly supplied

water. Now, the switch by the Water and Power Authority to the
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Israel Desalination Engineering (IDE) plants has greatly in-
creased the reliability of the public water supply system.
However a new dimension, economics, has become paramount in the
picture. The unit cost of water has nearly tripled in less than
four years and is expected to go even higher. Economic considera-
tions now dictate that the College take appropriate steps, some
recommended before and others suggested in this study, to become
self-sufficient in its water needs. Any delay in implementing
these recommendations will cost the College significantly more in

the long run.
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VIII. SUMMARY OF FINDINGS

1) The College of the Virgin Islands is not immune to the
general water shortage problem experienced throughout the Virgin
Islands. However, the College has aquifers which can be exploited
under better management to yield enough water, in conjunction
with the rainwater harvesting system, to satisfy the water needs

of the College in an average rainfall year.

2) Conservation measures adopted by the College have resulted
in nearly forty percent reduction in water consumption at the
College over the last five years at a time of increasing student

enrollment.

3) There is under-utilization of available roof areas for water
harvesting purposes. Negligence in maintaining the 210,008 square
foot hillslope catchment could lead to the loss of a vital source

of cheap water supply.

4) The intermediate cistern and tank storage capacity available

to the College are presently under-utilized.

5) The various sources of supply and storage are not integrated
or operated as a cohesive and flexible unit to serve the needs of

the College.

6) There is not enough tank storage capacity to store all the

potential water harvest at the College.
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7) The network of pipes and pumps making up the water supply
and distribution system was designed to serve a different

purpose and is inadequate to serve the needs of the College.

-

8) The total costs of the water supply operations at the

College could not be readily determined in this study.

9) The College will face increasing water rates if dependency
on public supply is continued. These rates have jumped from
$6.50/Kgal to $17.50/Kgal in less than four years. In the

future, water rates are expected to rise closer to the break-even
costs to the government which is estimated at $55.08/Kgal in
1983. Harvested rainwater and groundwater represent least cost

alternatives of water supply to the College.

’

19) Absence of detailed accounting of water production and
usage, lack of long-term records of factors influencing ground-
water availability and other economic factors of water supply and
distribution in general makes optimal decision-making for water

management at the College difficult to realize.
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VII. RECOMMENDATIONS

In order to reduce the overall costs of meeting the water
needs of the College, decreased reliance on public water supply
is recommended. This can be achieved if the yield of water har-
vest at the College is increased by fully utilizing all available
rooftops for water harvesting and all available storage capacity
for water storage. Tanks and cisterns should be maintained close
to full storage capacity at all times by pumping groundwater into
available storage. Otherwise, some groundwater will be lost.

The current water rate of $17.50/Kgal is still very much
below the estimated $55.90/Kgal break-even costs to the govern-
ment. In the future, water rates may approach this figure. It is
recommended that the College use this higher figure for planning
purposes for investments in reducing its dependency on public
water.

A scheme of integrated water supply and distribution is
recommended to improve the economy of operating the system at the
College. Separate accounting for water related expenses is also
recommended to provide a more accurate picture of system costs.

It is recommended that future study be conducted to
determine an optimum storage capacity for the College.

Finally, it is recommended that the College continue and
improve upon the groundwater monitoring efforts initiated as part
of this study in order to reduce uncertainties in estimating the
potential contribution of this vital resource to the overall

water supply of the College.

68



"3

=

-3

3 T3 T3

1)

2)

3)

4)

5)

6)
7)
8)
9)
10)
11)
12)

13)

14)

15)

NOTES AND REFERENCES

McElroy, Jerome L., "Pricing Policies, Cost Allocation, and
Demand in the Public Water Industry, U.S. Virgin Islands,
Part I and Part II," Technical Report No. 18, Water Resour-
ces Research Center, Caribbean Research Institute, St.
Thomas, December 1976, pp. 13-14.

Doyle, Raymond L., "Report: Master Plan. Site Utilities
Section," Physical Plant Department, College of the Virgin
Islands, March 39, 1973.

Information available in file of the Physical Plant
Department on water supply activities of the old Office of
Campus Development. .

Records of the Physical Plant Department contain several
important memoranda on the subject of water supply at the
College. Records were made available by the Director of
Physical Plant.

Smith, Henry H., "Water Study for CVI - St. Thomas Campus,"

Report to the President of the College, Caribbean Research
Institute, December 192, 1984.

See Supra, Note 4.
Ibid., p. 5A.
Ibid.

See Supra, Note 5.
Ibid., p. 4.

See Supra, Note 2.
See Supra, Note 5.

Estimates provided by Mr. Robert Waters of the Physical
Plant Department, College of the Virgin Islands, personal
communication, July, 1983.

Adams and Associates, "Water Supply of St. Thomas and St.
John, U.S. Virgin Islands," prepared for the U.S. Army Corps
of Engineers, Jacksonville District, Jacksonville, Florida,
1978. ’

Photographs taken in 1979 by Mr. Terrence P. Thompson of
Envirosphere Co. New York.

69



16)

17)

18)

19)

20)

21)

22 )

23)

The average water prices for commercially trucked water to
the areas outside the potable water distribution area as
determined by a telephone survey of suppliers on July 11,
1983 is approximately $54.90/Kgal. Information supplied by
Mr. Philmore Andgpew. ;
Jordan, D.G. and 0.J. Cosner, "A Survey of Water Resources
of St. Thomas, Virgin Islands," U.S. Department of the
Interior Geological Survey Caribbean District Open-File
Report, 1973.

Ibid.

Donelly, T.W., "The Geology of St. Thomas and St. John,
Virgin Islands," Caribbean Geol. Conf., 2d, Mayagues, P.R.,
Jan. 4-9; 1959, Trahs., pp. 153-155.

See Supra, Note 16.

Estimates provided by Mr. Pedrito Francois, Assistant
Commissioner, Department of Public Works, Virgin Islands,
personal communication, Septembr, 19283.

Recommendation contained in joint memorandum from D. Brubeck
and R. Peebles to H. Gerecke on "Water Supply at the College
of the Virgin Islands," dated March 31, 1978, in records of
the Physical Plant Department, College of the Virgin
Islands.

See Supra, Note 4.

70



