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1. INTRODUCTION

The study area is composed of alluvium of the Rxo Cobre and small rivers and covers
':.pproxzmately 27,400 ha of which about 12,000 ha'is presently irrigated in net by both
‘the Rio Cobre Irng'ztion Schemc and the St. Doroihy Trrigation Scheme.

The Rlo Cobre basin located in the-cemral part ‘of Jamaica lies within the Parish of St.

Catherine. It is located between 76048 and 77010" west longitude and 17050" and 18014

north latitude. The basin is about 40 km in length in the east - west direction and about
45 km from north to south. It covers an area of approximately 1,180 kim? and can be

divided into two district parts, the Lower Rio Cobre basin in the south and the Upper Rio
Cobre basin in the noith. (see Annex-B) The area lies in the North East Trade Belt and-
has a tropzcal oceamc clnnate '

. Tertmry Whlte Lnnestone Formation predominates over 50% of the Rio Cobre basin and
- alluvinm occupies the study area; The highly karstic nature of the White Limestone
Forniations, i.e. the close surface depressions,' the absence of surface drainage and well
developed sub-surface drainage, made deﬁmtxon of the ¢xact position of the surface water
bmmdanes unccrtam

The main focus of this Annex is the Lower Rio Cobre basin, but the other sub-catchments
which drain directly into the Lower Rio Cobre basin are also surveyed.



2. GEOLOGY

2.1 Geomorphology

The three major geomorphological features identified in and around the area include:

- dissected highlands (volcaniclastic areas)
- karstlands (limestone outcrops)
- flat arcas (alluvial plains)

The dissected highlands include impermeable Cretaceous deposits. Surface run-off has.
denuded the area to form steep sided 'V' shaped valleys. During floods there is direct
drainage to the sea but normally, river channels are dry as flow is lost to the limestone:
aquifer at the impermeable boundary. The karstlands cornprise the Tertiary carbonate
formations and include all the area north of the plains and also the Hellshire and Port -
Henderson Hills, which have very rugged topography, formed by numerous deep-
dolines, collapse structures, sinkholes and solution cavities. Considerable surface flow is
therefore percolates into the ground. The alluvial plains form a gently sloping area
between the limestone foothills in the north and the shore in the south excluding the
Hellshire and Port Henderson Hills. The numerous irrigation channels contribute to
drainage by the Rio Cobre and Ferry rivers in the eas, the Salt Istand Creek in the central
area, and the Coleburns Gully in the west, : ' .

2.2 Geology

The most complete works on geology of the Lower Rio Cobre basin have been officially
reported by V.A.Zans et al. (1962) and UNDP/FAO (1974), which were quoted in this
chapter. :

2.2.1 Stratigraphy

Fig. C-1 and C-2 provide maps of the geology and stratigraphic sequence around the Rio
Cobre basin as used in this study, and a correlation of these units with the traditionally
accepted units used by previous writers.

The Cretaceous rocks outcrop in the northwest near Bartons and Macca Tree and in the
north central area around Giblatore. They are overlain unconformably by the Tertiary
rocks, mostly limestone, the oldest of which is of Middle Eocene age and outcrop over
much of the area north of Spanish Town. The Tertiary rocks are overlain by limestone,
marls and sandy clays of Plio-Pleistocene age, constituting the Liguanea Formations.

(1) Cretaceous rocks

Rocks of Cretaceous age outcrop around Bartons and Water Mount and in the small
inlayer at Giblatore. The rocks are primarily reworked volcaniclastics and subsidiary
intrusives. Erosion of these sediments provided the bulk of the sediment in the lowest part
of the overlying Tertiary rocks.



* (2) Testiary rocks
‘ (a) Yellow Limestone Group

_The part of the Yellow Limestone which occurs in this area is catled the Chapleton
Formation and comprises the lower Guys Hill member and the Ham Walk
member, The upper unit is continnous and consists primarily of hard shelly
jimestones, yellow to brownish marls and patchily dolomitized limestones. Rocks
belonging to the Yellow Limestone Group outcrop around the Cretaceous Infiers,
The total thickness of the group varies from about 15 m where the lower member
is missing to a maximum of about 150 m.

(b) Whit,eiLimestonc Group

‘Rocks belonging to the White Limestone Group are exposed in the northern hilly
ar¢as and the southern Hellshire and Port Henderson Hills and are covered by

_ alluvium in the coastal plain, This group of limestones has been subdivided into
five members by other writers but will be treated as two units, the Lower White
Limestone, primarily of Eocene age, and the Upper White Limestone, of
Ohgocenc to Middle Micocene age.

i) Lowcr .Whltc Lmlcstcne

The Lower White Limestone includes the Troy and Somerset Limestone.
The Troy is the most distinctive of the group and represents the basal
-sediments of the White Limestone Group. For the most part it overlies the
Yellow Limestone rocks conformably. The Troy sediments are essentially
dolomites, often well-bedded but sometimes massive. Bedding in the

- lower part is usually good, but becomes much less marked in the upper
part, Jointing is one of the most important characteristics of the Troy
Limestone and the texture varies from a very dense fine-grained dolomite
to rubbly and coarse grained. The Troy Limestone ranges in thickness
from 100 m to 250 m. The post Troy Limestone consists of hard, fine-
grained biomicrites and coarse-grained biosparites to soft, chalky rubbly
limestones. It is believed that these Limestones vary in thickness between
about 30 m to 200 m,

-' (11) Upper Whnc Lm’sestone

The Upper Whltc L:mestone mchldes the Brown's Town and Newport
Limestones. The sequence consists of chalky, poorly bedded, mainly
massive, partly recrystalized, and. rubble limestones. Accurate
measurement of the thickness of the Upper White Limestone sediments is
“unavailable but it.is obvious that there are variations in thickness of the
. ‘sequence. Comparmg the Oligocens-Miocene limestones with the
- Clarendon sequence it is possible that there may be as much as 1,200 m of
this limestone beneath the St. Catherine Plains near the southern edge.



(c) Allavium

The alluvium represents fluviatile deposition from Pleistocene times in response to
the rapid denudation of the newly exposed Cretaceous racks. The alluvial deposits
consist of a thick sequence of intercalated sands, sandy gravels-and clays. The
pulk of the sediments is made up of igneous derived material with a very, small
fraction of limestone grains, The alluvium has been deposited on a strongly
karstified limestone surface, hence there are considerable variations in thicknes_s
from only a few meters at the border of the plain to about 180 m. .

2,2.2 Structure

Structure in and around the area is quite simple, The old Cretaceous depositional surface
had much relief, the Giblatore and Lazareito Inliers being obvious positive areas ‘during
much of the depositional cycles from Eocene through to the present. Post-Cretaceous
rocks dip off the Cretaceous remnant hills in all directions, the dominant direction of dip
in and around the area being to the south from the edge of the central and Blue Mountain
Inliers, Tt appears that this dip is due to supratenous folding and post depositional earth
movements, with the former dominant immediately around the inlayer areas, Several
faults dissect the area. The unconformity at the top of the Cretaceous is the most
pronounced in the area. There is evidence to suggest earth movements at the end of
Miocene times and again, locally, during the Pliocene. -

(1) Faults

The hilly area of the Lower Rio Cobre basin is dissected by faults, primarily normal
tension faults with little throw. There are two major sets; a dominant northwest-southeast
set including the Red Ground-Marlie Mount Fault, the Caymanas, Glade, Wreck Point
and Manatee Bay Faults; and an east-west set including the Half Moon Bay, Molynes
Mountain and Bog Watk Faults. The faulis seem to fall naturally into groups based on
mode of origin, as described below: '

(a) Group I: Basement faults

These are rejuvenated pre-Eocene {aults along which movement has taken place
possibly during and after the deposition of the carbonate sediments, The resulting
faults or fractures are usually expressed as rather long linear features with small
scarps and prominent gullying along the line of strike. The Bog Walk, Cudjoe Hill
and Caymanas Faults seem to be of this origin although the first one seems to
have nearly 500 m of throw around the centre.

(i) Bog Walk Fault

This fault forms the most imposing topographical feature seen in t_h.c Rio
Cobre basin. Trending west to east the main fault is marked by a very

steep scarp slope, some 300 m at its highest point. In the east the faults
split up into a series of splayed smaller faults, o



(n) Cudjoe Hlii Fault

~This fault is marked by a sinuous lmear feature extendmg from Spring

* Vale to Cocoa Walk, There is an impression of down fauiting on the south

side, the north block sometimes having a very marked scarp as at Cudjoe
'Hlll : _

(m) Red Ground Marlie Mount Fault

This fault is expressed asa marked scarp east of Bannister but passes into
a valley feature near Marlie Mount, There are smaller faults associated with
this fault near Red Ground. At Bartons it can no longer be identified.

(1v) Molyncs Mountain Fault

This is a very marked linear feature extendmg from Belvedere to
Caymanas Bay. It takes the form of a narrow "V" having a thin cover of
alluvium,

{v) Ferry Hill Fault

- This is a very distinct east-west wending structure passing north of Ferry
Hill. It forms the scarp, bounding the Liguanea Plains, around the
Duhaney river area, then passes north towards the Queen Hill. It probably
extends westwards beneath the alluvium. The throw on this fault is not
great, probably of the order of 60 m.

(b) Group 2: Tensxon faults

The second group of faults seems to have been generated by tensional forces in
response to uplift after deposition, The Hellshire Hills Faults are prime examples
of this mode of fault origin. These favlts have been developed mainly in the 1we
prominent directions, orie north south trend dominating in the west and east-west
in the east.

Geology ef Headworks

Core dnllmg ‘was camcd out by HCA Team on thc existing damn site and the proposed
dam site about 170 m downstream of the existing dam to investigate the geological and
hydrogeological, soil and foundation conditions of the existing dam and for design
_ purposes of the proposed alternative dam, Standard penetration tests and permeability
tcsts were also camed out at both sites.

'2'3.1 Resuit af 'drilling 'ami labaratory test

| Thc fellowmg field works and laboratory tests were carried out by the Contractor in
'Jamawa : : :



Work item _ - Unit Quantity

1) Field works
Drilling works site 7
Drilling depth m 181.6
Standard penetration test Nos. 33
Permeability test - :
- Falling head test Nos. 2
- Packer test Nos. 23
2) Laboratory test
For alluvial deposit
- Specific gravity test Nos. _ 4
- Grain size analysis No. i
For limestone formation and dam concrete ' '
- Specific gravity test Nos. 10
- Unit weight test Nos. 10
- Uniaxial compression test Nos. 10

The field works commenced on 3rd August and ended 21st September 1986 The
locations of drilling points are shown in Fig. C-3.

(1) Drilling works

Seven holes were drilled to a total depth of 181.6 m. Geologic sections at the existing
dam and the proposed alternative dam sites are shown in Fig. C-4 and C-5. It is found
that the typical formation consists of altuvium and limestone formation.

(a) Existing dam site

The existing dam at B-3 consists of boulders and gravels covered with concrete,
No cement mortar could be observed between the mounded boulders and gravels,
but foundations of brick and concrete were observed between 8.0 m and 9.1 m.
At B-2 the dam construction consists of concrete both of limestone gravels and
bricks. The thickness of the concrete material is 9.6 ra at which depth there is an
iron plate about 10 mm in thickness. The total thickness of the dam construction
varies from 9.1 m to 9.6 m. The surface concrete ranges in thlckness fmm 3emio
60 cm at the crest.

The alluvial deposit mainly consists of gravel and sand with N v.alue over 40
Clay with sand is found up to 4 m in thickness from the surface at B-landa clay
bed of 9.1 m having a range of N values from 9 to 23 ai B-4. The top pbnion of
the sediment at B-4 is considered to be recent dam sediments. Driiiing
investigations have indicated that the left side of the dumn is founded on the
alluvium. At B-2 and B-3 the dam is founded on alluvial gravel and sand bed or
Terniary sheared hmestone, ' '



_ ‘The bedrock is the Tertiary limestone, well fractured and having mdny cavities
- filled wnh cIay

(b) Altemanve dam site

The aliuvxal dcposn comprises gravel 'md sand on- the riverbed. The N values
show a wide scatter from four (4) to over 50. Red clay with gravel is found at the
surface of B-5 on the left bank. The deposit is from 7.6 m to 14.0 m in thickness
on the riverbed and about 3.1 m at B-5. The alluvial deposlt overlies the Tertiary
limestone formalmn

The bedro’ck is hmestone which outcrops at the left bank of the river. It is well
fracture, jointed and cavernous.

(2) Standard punetraucm test
Standard pencu ation test is perfoxmed on each bore hole at one and half meter intervals

principally in the alluvium. The result are shown in Fig. C-4. The average N value at each
layer is as follows: '

Sand and'gravel 1010 50

-Clay with sand ' 191024 :

Fracmred hmestone 24 to over 50 (at B-2 and B. 4)
(3) Pexmeablhty

The results of field penmeability tests indicate that coefficient of permeability of each part
of the formation as shown in Fig. C-4 and Fig. C-5. The groundwater level of each bore
hole is below the water level of reservoir or river.

The average permeability of each formation is estimated as follows:

- Sand gravel and boulder 5 x 10310 5 x 10-! cmy/sec
Limestone formation 1 % 104t05 x 102 cnv/sec
- (4) Laboratory tests

Rock and soil samples were taken by drilling in the dam site and subjected rock and soil
tests in the iaboratory. The results of tests are shown in Table C-1.

(a) Rock tests -
(1) Ccncrete material of dam
' Thé dam concrete was sampled at B-2 and B-3. The specific gravity is in

the range of 2.16 and 2.50. The unit density is in the range between 2.16
and 2.50 g/em The uniaxial compression strength is 46 to 152 kg/em?,
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(i) Limestone (bed rock) -

The specific gravity of the limestone shows a wide range from a low 2,19
in the cavernous state, to a high 2.89 in the solid compact state. The unit
density has a same tendency of the specific gravity, the value is from2.19
to 2.88. The uniaxial compression strength is 152 to 527 kgfem?.

(b) Soil tests

The specific gravity of sand is 2.66 and 2.77. The value of silt/clay is 2‘55 and
-2.57. The grain size of the sample (B-1, Depth from 3.2 to 3.5 m) indicates
coarse to very coarse sand. ' : '

2.3.2 Conclusion of investigation

The investigations lead to the conclusion that the geological and hydrogeological, soil and -
foundation conditions of the existing dam site are beiter than the proposed alternative dam
site. As compared with the later, the alluvium of the former is thinner, the penmeability is
smaller, etc. The condition of the existing dam may be summarized as follows:

(1) The existing dam, constructed about 100 years ago, scems to be sound but its
upstream slope could not be observed due to deposit of sediments in the reservoir.

(2) Thedamis founded on Tertiary sheared limestone or alluvial gravel and sand, some
of which is very permeable (permeability K = 1 ® 104 t0 5 x 102 cr/sec). The.
amount of leakage through the dam foundation however is small, -

(3) The sediment in the reservoir reduces the pondage but reduces leakage.

{(4) If the sediment is to be dredged leakage must also be prevented, for which it will be
necessary to reduce the permeability of the foundation to less than 1 x 104 cm/sec
by grouting after detailed investigation. Suitable treatment will have to extend to a
depth of about 10 m and over a length of about 120 m along the crest and
abutments. : ' '

2.4 Geology of the Canal Network

Most of the canal network is located on the alluvial plain where the top soil consists
mainly of silt and clay. Sticky clay soil is found especially around the ends of the Old
Harbour Branch and the Hartlands Branch in the west of the study area.

The upper part of main canal is Jocated at the apex of the alluvial fan where the Rio Cobre

enters the plains from the hills. More coarse material is found in this part of the alluvial
fan. :
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Some parts of the Old Harbour and Caymanas Branch canals pass through the limestone
foothills where there are many sink holes, Where the canals are not lined some water is
lost as leakage which recharges the gronndwater table.



3. HYDROGEOLOGY

3,1 General

The studies on hydrogeology of the Lower Rio Cobre basin are published by UNPP/
FAQ (1974), Botbol (1982), etc., which give the information of hydrogeological
features, aquifer lithofacies, aquifer characteristics, etc. '

3.2 Outline of Groundwaier

The area of the Lower Rio Cobre basin is about 650 km?, It is drained mainly by the'Rio
Cobre and the Ferry river in the east which flow into Kingston Harbour. There are also a
number of less important and intermittent streams in the west which discharge into Old

Harbour Bay.

The study area has two principal aquifers, the limestone aguifer and the alluvial aquifer
from which water is preduced by wells. '

The hydrogeological basement rocks outcrop in Giblatore and around Bartons and Water
Mount to the northwest of the study area. These rocks are the Cretaceous voicaniclastics
and the Tertiary yellow impure muddy limestones. These older rocks are usually
impermeable and are unimportant as aquifers and no successful wells have been
developed in this type of rock. The limestone aquifer consists mainly of the White
Limestone. The White Limestone outcrops occur in the upland areas, north of the
alluvium except for the isolated Hellshire and Port Henderson Hills which lie south of the-
alluvium and border the coast. The White Limestone outcrop region is noted for the
absence of any well-developed surface drainage pattern. Instead there are many closed.
depressions within which water is channelled underground through centrally located sinks
or laterally draining caverns and eventually infiltrated to the groundwater table. This area
is thercfore one of the primary recharges.

The alluvial plain region is important agriculturally because of favourable soil
devclopment and is therefore the area over which agricultural use is greatest. Water is
withdrawn both from the limestone and alluvial aquifers for irrigating the alluvial plains.
There are about 230 wells in the South St. Catherine area most of which have been drilled
for abstraction of groundwater. At present, most of the wells are used for irrigation. The
location and names of the wells are shown in Fig, C-6 and Table C-2 and C-3.

3.3 Hydrogeological Features

Springs and sinks are prominent surface expressions of connection between surface water
and groundwater. '
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3.3.1 Springs

_S_pring flow fbxms a fairly large part of the groundwater discharge from the basin. Details
of all known springs in the area are given in Table C-4 (from FAQ, 1974). The springs of
the Spring Garden and the Resource Spring are famous gravity springs.

3.3.2 Sinks

Closed depressions are a conspicuous feature of the karstified landscape. The depressions

‘range from I meter to 100 m from the lowest part to the top of the surrounding hills. They

may be sub-circular or elongate and cover up to 1 km?2, After heavy precipitation transient

ponding of water may take placc, usually all surface water has disappeared within a few
hours

A source of recharge to the limestone is water which flows off the highly dissected
- impermeable rock, on the north highlands. A well developed dendritic surface drainage
systerm is developed on these impermeable rocks and the runoff flows via well-developed
river channels into the limestone where some of all the water usually sinks underground.
In many rivers in this area through-flow to the river mouths is sustained only as long as
precipitation on the impermeable rocks is high. In a number of cases during low flow the
entire streamflow is absorbed into the river bed and percolated to the limestone aquifer
close to the boundary between the impermeable rocks and the limestone. The Myttins
river, Old Harbour river and St. Faith's river all behave in this manner.

' 3.4 Limestone Aquifer
3.4.1 Lithofacies

The limestone aquifer consists exclusively of rocks of the White Limestone Group,
divided into a lower and an upper stratigraphic unit. There is no well production from the
older Yellow Limestone Formation which is, for the most part, impure and has little
secondary permeability éevelopment However, only a small amount of water yields from
the Yellow Limestone as a spring. Two units in the White Limestone Group consist of a
complex series of bio- and litho-facies which reflect different depositional conditions and
those result in local variations in the hydraulic properties of the aguifer. The upper
limestone units are mainly rebbly or chalky and consequently more likely to develop
secondary permeability through solution than through fracturing. This results in a more
even distribution of permeability. The lower units are hard, recrystalized and dolomitized
and fracturing confrols the development of secondary permeability. In the upper units
there may be some primary permeability, but little in the lower units.

Basically the White Limestone Rock: acts as a single hydrological unit which is non-
homogeneous and non-isotropic. However, the properties of the aquifer may vary by
many order of magnitudes over short distances so that water levels often appear
inconsistent. For example, in the upland areas water level elevations rise steeply and the
water table stands a few meters above the sea level in the lowlands.
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In a horizontal plain the development of secondary permeability is controlled not only by
the lithology of the racks but also by previous sea level stands. Because sea level§ were
both below and above the present Ievels at various times in the past, there are discrete
horizontal zones with appreciably higher permeability than the intervening layers.

3.4.2 Water levels

Water levels and changes in levels reflect aquifer characteristics and changes in storage.
The water level contours in limestone aquifer for January and August 1972 is prescnted
by on Fig. C-7 and Fig. C-8 and the contour for February 1986 on Fig. C-9 and the
coniours between June and September 1986 on Fig. C-10.

In the southemn part of the aquifer the groundwater gradient is relatively unifonn trending
south to south-easterly toward the sea. Superimposed on this regional gradient are local
variations in outflow directions caused by local abstraction centres. S

Water levels in the limestone aquifer fluctuate in response to variation in recharge and
discharge and the amount of fluctuation is also related to differences in the hydraulic
characteristics of the aquifer. The well hydrographs were drawn by using the data of
automatic water level recorders on Crescent well and Hartlands Exploratory well between
March and September 1986 as shown in Fig. C-11. At Hartlands in the southern part of -
the aquifer the fluctuation is about 1 m, while at Crescent in the limestone hills the
fluctuation is more than 10 m, Both water levels were raised after the heavy rain in early
Tune 1986. The response of the water level in the upper area to recharge from rain is
much more rapid than in the lower area. ' :

3.4.3 Aquifer characteristics

The ability of the aquifer o transmit and store water is assessed quantitatively in terms of
its coetficient of transmissibility (T) and storage coefficient (S). To determine values of T
and 5, ten pumping tests were run and analysed by FAO (1974). The results of these,
together with values obtained from previous investigations, are shown in Table C-5 and
C-6.

It is apparent that there is wide variation in the transmissibility of the unconfined section
of the aquifer. Geological investigations indicate that the highest transmnissibility values
are confined to fault and fracture zones where secondary permeability is enhanced by
solution phenomena as, for example at Bamboo where T = 15,000 m2/day. The
intervening areas have low transmissibility, for example T = 20 m?/day at Crescent. The
ranges of aquifer characteristics are as follows:

Transmissibility T {m%day) : 20to 15,000
Storage coethicient 8§ : L1x10%103.8 x 104

344 Well production

There are about 80 producing wells iu the limestone aquifer in the study area. The wells
are listed in Table C-2 and the locations are shown in Fig. C-6. According to Botbol
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Report (1982), the total discharge from 77 wells was 91.5 million m? in 1980 and an
~ average of 1.19 million m® per well annually. The location of the production wells and the

annual production in 1980 of each grid mesh on the map are shown in Fig. C-12. The

annual total producﬁdn for the years between 1970 and 1980 is listed in Table C-7 and the
. averagc ten ( 10) years is calculated 8’*3 9 rmlhon m3/ycar

Abstz action is locahzed around heavxly xmgated areas of sugar cane cultivation, The
Caymanas, Bernard Lodge and Innswood Estates and the-St. Dorothy Irrigation Scheme
ave the principal water users. The agricultural abstraction is roughly 134,000 m3/day,
about 53% of the total limestone abstraction. Domestic supply is the next in importance,
accounting for 95,000 m3/day which is 38% of the total abstraction. A relatively smalil
amount of water is uscd for mdusmal purposes.

Accordmg to. FAQ (1974) ‘the volume of water in usable storage is about
860 million n3, while from Botbol (1982) the safe yield is about 197,000 m3/day
(72 million m3syear), the value being a little smaller than the 235,000 m3/day
(85 9 mﬂhon m3/year) average 10 years abstraction (1970 to 1980).

3 4 5 Water quahty

Sampies WETe collected imm 13 wells and three (3) springs in the limestone aquifer
shown as in Fig. C-13. The results of their analysis are presented in Table C-8 and Fig.
C-14. There dre seven groundwatcr samples (Free Town, Whim, New Market Pen,
Bushy Park Hendrick, Mango Walk No.5, White Marl No.2 and Ferry Spring) which
contain chlonde more than ?50 ppm.

3.5 Ailuv:ai Aquifer
3.5.1 thhofacws‘

The alluvml aquer overlies the hmestone aquifer in the central part of the study area, and
is about 6 km wide running between Old Harbour and Caymanas. The northern boundary
is formed by the limestone outcrop and the southern boundary by Kingston Harbour and
. Old Harbour Bay in the east and west and centrally by the Hellshire and Port Henderson
Hills, The total surface area is about 130 km? and the eleyation ranges from sea level 1o
about 50 m.

‘The materials forming the aquifer are unconsolidated deposits consisting of intersiratified
clays;,sandsand gravels, The hydrogeologic sections around the Bernard Lodge arca are
“shown in Fig. C-15 which shows how the two aquifers are distributed almost
horizontally with a thickness of 10 m to 30 m, Below these aquifers salty aquifers are
presumed te emst _ o

The alluwum was deposﬂed on the hmextonc basement when karsuﬂcatlon was well
advanced and there is tuch variation in the thickness of alluvium as shown in Fig. C-16.
At Amity Hall a thickness of over 170 m of alluvium was penetrated while at Hartlands
~ the thickness was 126 m.
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3.5.2 Water levels

The groundwater level contour maps for January and August-1972 are shown in Fig.
C-17 and C-18, which give the general pattern. The highest water levels occur aronnd
the Sydenhamy/ Innswood area, extending as far south as Fellowship Hall as shown in'the
above map. From this high ground, water flows very gently due south, southeast and
southwest : : :

The gréundwatcf level contour map for February 1986 is shown in Fig. C-19. This
shows somic depressions around heavily pumping wells. The most important depressions
are seen at Bernard Lodge, Caymanas and Braeton. The contours between June and
September 1986 give the pattern of high water {evel for the non-pumping condition after
the heavy rains in early June 1986, as shown in Fig. C-20.

The Fig. C-11 shows the well hydrograph at Cockson #2 in Bernard Lodge area: The
gentle water levels arose by about 2 m immediately after the heavy rains, - '

According to FAO (1974) the water level of the aquifer varies from ground level to over
9 m, but in more than 75 % of the area the water table is less than 3 m below the surface.
There are localized areas within the aquifer where confined conditions exist and water
levels are above ground level or at ground level. These areas are found at Caymanas and
in the east Gregory Park area. :

3.5.3 Aquifer characteristics

Pumping tests were performed and analysed by FAQ (1974) and Versley (196.’2)‘ The
results of these tests are shown in Tables C-9 and C-10. ,

Calculated transmissibility values (T) range from 160 m%day to 8,200 m%/day. These
values are representative of what may be regarded as successful wells in the aquifer, and
ne doubt more clayey areas are characterized by lower vaiues. The calculated values o
storage coefficient (8) vary from 3.3 x 101 10 1.8 x 102 : -

Generally speaking, there are three areas where high yields and accompanying high
values of T and S are experienced. These are the plains encompassing the Bernard Lodge
and South Caymanas area, the Cherry Gardens/Bushy Park areas and the Whim area.

3.5.4 Weli production

There are about 60 production wells in the alluvial aquifer. The name and the location of
the wells are shown in Table C-3 and Fig. C-6. The wells are concentrated mainly in the
Bernard Lodge and Caymanas areas, on the right bank of the Rio Cobre, downstream of
Spanish Town. The annual production in 1972 of each grid mesh on the map is shown in
Fig, C-21. ' : '

Table C-11 shows the total annual abstractions from the alluvial wells for thc'.year:-.; from -

1970 to 1972 (after FAQ, 1974). The total annual abstraction from the aquifer has
increased over this three year period from 35,71 million r? 10 40.04 million m3,
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Acco"rding to FAQ (1974) the total volume of water in storage in the alluvial aguifer is
calculated as 1,300 million m?,

3,5.5 Water quality

Gfoﬁﬁ&ivéteflsémpies fr_om _t}ie all_uviai 'aq’uifer were collected from three wells shown in
Fig. C-13. The result of these analysis are indicated in Table C-8 and Fig. C-14. The
samples from well at Amity Hall contains chloride more than 250 ppm.

3. 6 Probiem'-of Groundwaier :
_ 36 1 Salme Water mtrusmn ‘

Acccrdmg to Botbol (1984) and Whne (1980), the limestone aquifer has been
contaminated by. subsurface saline inflow in response to the development of the
groundwater resources of this aquifer since the year 1930. Uncontrolled development has
resulted in deteriorating groundwater quality, and ll the south coastal area - almost all the
confined section - contains poor quality water for domestic or irrigation usage (chlorides
as lugh as 20,000 ppm)

in the aciive producnon zone, the groundwatcr sahmty lies in the range 20 to 300 ppm
chlorides. The salinity is higher in the Innswood and Weoodlands areas (300 to 600 ppm)
* and in the Caymanas - Ellis - White Marl areas (500 to 1,000 ppm). Fig. C-22 and C-23
~ show isochloride contours for September - October 1972, and December 1980. There are
iwo main mechanisms of salt water intrusion and contamination; frontal intrusion
(Caymanas - Half Way Tree) and upconing (Innswood wells). Frontal intrusion is caused
by overpumping, low water levels and small seaward flow. Upconing is caused by high
- drawdowns.

'3.6.2 Fresh saline water béundary

" For investigating saline water intrasion condition and fresh saline water boundary,
electrical conductivity measurement were carried out on several wells by using an
electrical conductivity meter with a 150 m Jong cable. The sharp interfacial boundary
" between fresh and saline water could not be observed in the results of field survey and a
brackish transition zone of finite thickness separated the two (2) fluids. The electrical
conductivities and its profiles are very different at each well and the brackish transition
Zones are also dissimilar. This all seems to indicate that the above mentioned saline water
intrusion, is caused by upconmg and pre- emstmg brackish water springs.

The results of maasuremenm shows Gnly four wells namely Hartlands Expl. Well, Litde
- Windsor Expl. Well, Half Way Tree Expl. II Well and Caymanas Expl. Well were able to
pick up the saline water face, Bxtraporated sections across electrical conductivity profiles
are shown in Fig. C-24, This work indicates that more electrical conductivity profile muss
be made across the St. Catherine Plains to get a clearer understanding of the position of
the fresh water saline water interface. In other words, more wells must be made available
for this elecirical conductivity profiling exercises.
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3.7 Artificial Recharge
3.7.1 Purpose and previous study

Artificial recharge is generally performed in order to increase the natural supply of
groundwater, and artificial recharge projects are designed to serve one or more of the

following purposes:

- 1o maintain or augment the natural groundwater as &n 6CONOINIC résOUICe.

- to coordinate operation of surface and groundwater reservoirs.

- to overcome adverse conditions such as progressive lowering of groundwater
level, unfavourable salt balance, and saline water intrusion. :

- to provide subsurface storage for local or imported surface water.

In the study area artificial recharge studies were carried out by Water Resources Division -
(1980-1982) at Innswood on the artificial recharge of surplus surface water into the
limestone aquifer through sinkholes. A pilot plant at Innswood has been in operation
since September 1981, During the year May 1981 to March 1982, 3.2 million m3
(9,100 m3/day) surface water was recharged through two sinkholes by gravity as a result-
of which a 0.5 to 1 m groundwater mound had been created near some recharge area and
apparently as a consequence some regression of the saline front has been observed.

3.7.2 Artificial recharge in the study area

Artificial recharge is considered to be necessary in the study area to make use of surplus
surface water that can be recharged through sinkholes by gravity in rainy season, unused
time, etc. The sinkhole method is most economical one but silting above the hole limits
the recharge capacity. The well method which is now used in Cuba and other countries is
another suitable method in the area. Recharge of dirty or polluted water will contaminate
the groundwater, therefore it is necessary to investigate the volume available for recharge,
the quality of the recharge water, and existing groundwater conditions beforehand and to
assess the impact of one on the other. When recharge is undertaken the operation has to-
be managed. '

3.8 Groundwater Simulation

3.8.1 Approach and procedure of simulation

In order to evaluate the groundwater potential of the Lower Rio Cobre Basin the analysis
must be performed by using a simulation model on the basis of hydrogeological
investigation. Simulation can be defined as reproducing the essence of a system without
reproducing the system itself. The essential characteristics of the system are reproduced in

a model which is studied in an abbreviated time scale. .

A general procedure of simulation is shown in following chart and the proce,dufe of the
Lower Rio Cobre Basin is explained in order of the chart: ' S
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(1) System decomposition

To use a simulation approach on a system. The first step is to decompose the systern into
components and subsystems which are held together by linkage. Before the behaviour of
an aquifer can be examined using a simulation model, a great deal of information must be
specified. Though there may be considerable difficulty in obtaining reliable data, yet the
problem must be completely formniated with estimates made of relevant parameters. The
following parameters are distilled in this study and explained in following chapter.

- (a) Boundary and conditions of the groundwater basin
(b). Unit condition and its area of groundwater basin
(¢) Transmissibility of aquifer (T}
(d) Storage coefficient of aquifer (S)
(e) Initial water level (Initial water head) of aquifer (ho)
{f) Discharge (Qd) -
{g) Recharge (Precipitation \P) Evapotranspiration (E), Irrigation efficiency (1)
(h) River flow (A)

(2) Compu_tér programme formulation

The second step is to formulate the computer programmes for each subsystem and their
linkages. This may involve writing computer programmes for the algebraic and logical
lclatmns!nps of subsystems and hnkages

'There are two prmc;ple aquxfers in the Lower Rio Cobre basin. The limestone aquifer and

the aliuvial aquifer, which are considered to be hydrogeologically discontinuous.
Therefore two different simulation moedels were formulated for the two aquifers. These
models were programined using the finite element method for a digital computer.
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(3) Model identification

The third step is to identify the model. This is accomplished by using known inputs and
outputs for each subsystem. Inputs and outputs must be received and sent thro_u_‘_gh the
correct linkages and must be acceptable to their appropriate subsystems: In this study the
hydrological and hydrogeological data in 1972 by FAO were considered to be the most
reliable of the observational records and groundwater levels in August 1972 were adopted
for the identification. :

It the good conformity is not achieved through the inspection of interpretation, the
parameters must be adjusted in the model, Generally the adjustment is carried out on
recharge from precipitation, transmissibility, etc. Such trials with adjusiment of
parameters has to be made many times until the model conforms with the groundwater
configuration of the basin. When conformation is achieved between the observations and
calculated results, the model, its parameters and the boundary conditions are fixed to
obtain prediction of future trends. '

{4) Model opcr_ation and results

The completed simulation model is now ready for processing the input parameters of the
systenl. :

The parameters (probable precipitation, future abstraction, etc.) are set in the fixed model
and the future groundwater level is predicted.

(5) Alternative inputs and evaluation
Groundwater levels are changed in accordance with the discharge rate input. In the
simulation the optimal yield is the estimated the annual abstraction for which the
groundwater level after one year's abstraction is almost same (less than £1 m) of the
primary water level, After several trials of discharge rate input, the annual discharge rate
will be analysed. '
3.8.2 Simulation model of the lower Rio Cobre basin
Two simulation models were formulated on the basis of above mentioned basic
procedure: for the limestone aquifer and the alluvial aquifer in the Lower Rio Cobre
Basin.
(1) Conceptional models of the aquifers

{a) Limestone aquifer model

The limestone aquifer, which extends almost throughout the Lower Rio Cobre

Basin, is considered as continuous aquifer which is recharged by surface water
(precipitation, river flow, etc.). o
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~ (i) The lirmestone aquifer is hydrogeologically discontinuous from the
alluvial aquifer.
(ii) The aquifer is presumed as be unconfined in the hilly area and confined in
the alluvial area, - '
(i) The aquifer is regarded as being recharged with surface water
(precipitation, river flow, etc.).

¥ ]
Alluvium B Limestone
. _,_.--—*‘f/f ~ l
!
Confined L Uncontined

Aquifer T Aquifer

(b} Alluvial aquifer model

In the model the alluvial aquifer is distributed only on the coastal alluvial flat plain
and is considered as a continuous aquifer.

(i) The alluvial aquifer is hydrogeologically regarded as discontinuous from
the limestone aquifer.

(i) The aquifer is considered to be recharged with surface water
(precipitation, irrigation water, river flow, etc.).
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The hydrologic cycle is illustrated schematically by the flow chart shown below:

Rainfall
‘t——-)Evapouﬂanspiration {£)

Discharge ¢ {Limestone Aquifer|e—-—-— | Sea]
Trrigation
Domestic
Industrial

L—H—%Exported Water to Kingston
Rainfall
!Canali
E B
T j/ N vl .

Discharge ¢ {Alluvial Aquiferje———r—o J“”@
Irrigation - _
Domestic
Industrial
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(3) Simulation equation

The simulation models of the two basins are two dimensional plain distributed parameter
models and are analysed numcrxcaily usmg the finite element method.

The: grouudwatcl flow is expressed by the followmg equation based on Darcy's Law and
the condition of continuity of flow.

S dh/dt = ¥/dx (T 3h/ax) + 3y (T Sh/dy) + W (x.3,0)

where, T : Transmissibility
S.: Storage ceefficient
h : Hydraulic head (water level) in aquer
‘W 1 Recharge rate

The above equation is modified in the Lower Rio Cobre Groundwater Basins as follows:
S dh/dt = 9/0x (T h/9x) + oh/dy (T Ob/dy) - Qd + P +1+ A

where, Qd : Discharge rate or pumping rate
P : Recharge rate from precipitation -
I : Recharge rate from irrigation water
- A @ Recharge rate from river flow

(4) Data processing for simulation
(a) Boundary and its condition of groundwater basin

The area of groundwater basin is considered as the area of the continuous aquifer
and the in and out flow of groundwater from the basin is limited on the boundary.

The limestone groundwater basin is almost same area of the Lower Rio Cobre
Basin. The north boundary runs mostly on the hydrological watershed through
around Bog Walk. The some of the east and west boundaries are along almost
same line of the parish boundary. The south boundary is coast line and the
boundary between the plains and the Hellshire and Port Henderson Hills, The
groundwater level of the south boundary is almost zero in altitude.

The alluvial groundwater basin has the same arca of alluvial coastal basin
surrounded by north limestone hills, south coast line and the Hellshire and Port
Henderson Hills. The groundwater level of coast line is almost zero in altitude.

(b) Element grid
The groundwatcr' basin is divided into vnit areas. The scale of dividing unit areas
depends on the purpose, the accuracy of the data and the capacity of the computer.

In this case, the form of the unit area is the square element grid with 1.5 km sides
as shown in Fig. C-25.
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(c) Aquifer characteristics
(i) Transmissibility {T)

The existing aquifer characteristics are shown in Table C-5, C-6 and C-9.
The numbers of the data are limited in the study area. The information s
used together with information on stratigraphy and specific capacity {the
ratio of discharge rate to drawdown) to estimate the distribution of

transmissibility.

- Limestone aquifer: : _ EE
A lineament map of the limestone outcrop arca was drawn by air
photographic interpretation and was used to subdivide the area of
transmissibility. The transmissibility map was made as shown in Fig.

C-26.

- Alluvial aguifer:
The transmissibility map of alluvial aquifer was made as shown in Fig.
C-27.

(ii) Storage coefficient (S)

The data was not enough for deriving the storage coefficients. These were
therefore estimated as follows:

- Limestone aquifer

Confined area 1x104
Unconfined arca 1x102
- Alluvial aquifer 5x 102

(d) Initial condition

Groundwater levels (ho) of the aquifer as initial condition in each grid element
were read from the groundwater contour maps made from obsérvations of
groundwater level in the wells. '

In model identification the groundwater level for each aquifer on January 1972
was set as the initial water level as shown in Fig, C-7 and C-17.

(e) Discharge rale
Annual discharge from the limestone and alluvial EQuiferS are shown in Fig. C-12
and C-21. Data on monthly discharge being inadequate, monthly discharge rates.

of two or three portions had been estimated by using the monthly discharge data’
as shown in Table C-12. .
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() Parameters of recharge

Groimdwater of the _Lt»_wér Rio Cobre Basin is considered to be recharged partly
by precipitation, partly by river flow and partly by irrigation water,

(i) Precipitation

The areal distribution of precipitation is determined by the use of Thiessen
“networks. The stations and data on rainfall were those from Botbol report
(1982), which are shown in Fig, C-28 and Table C-13.

(it) Recharge to limestone aquifer

FAO (1974) and Boibo!l (1982) correlated aunnual rainfall and natural
replenishment from rainfall and produced the function shown in Fig.
- (-29. Tt is used for the simulation. The recharged-area is assumed to be
the limestone outcrop area. Recharge from the river Rio Cobre seems to be
relatively small and is omitted in the study. As regards recharge from the
Rio Minho Basin, although the details were obscure after several trials the
gronndwater level of the boundary between the two basins was given a
constant head to represent groundwater flow froni the Rio Minho Basin.

(iii) Recharg_f: to alluvial aquifer

“Recharge from surface water was assumed to follow the relationship
shown in Fig. C-30 as derived by FAO investigation (1974). The
recharged water includes irrigation water, industrial water and domestic
water, which are obtained from the limestone angd alluvial wells, as well as
from canal water as shown in above flow chart. But some of the domestic
water exported to the Kingston is not included. The quantity of the above
mentioned water is shown in Table C-14, The recharge area is assumed to
be the irrigated area as shown in Fig. C-31.

In addition there was leakage water to the alluvial aquifer from the river
Rio Cobre between the dam and Crum Ewing in 1972 to 1973 as shown in
Table C-15. This is put into the recharge of alluvial aquifer directly.

3.8.3 Model identification and operation
(1) Model identification

For the model identification the observed groundwater data in 1972 were used. The
observed recharge and discharge parameters in each element grid from January to August
are put in the groundwater condition in lanuary on each limestone and alluvial
groundwater basin, After operation the calculated groundwater levels in August were
obtained. When there was any difference between. the observed and calculated
groundwater levels, the parameter of transmissibility was adjusted in the model and it was
operated again. After the number of iteration of the adjusiment, conformation was
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achieved between the observed water levels and the calculated water levels. And then the
model, its parameters and the boundary conditions were fixed.

The identified transmissibility and groundwater levels in the models are shown in Fig.
C-32 and C-33 and Fig, C-34 and C-35 respectively. The boundary which has a
constant head of groundwater is shown in Fig. C-34 and C-35. : -

(2) Qperation and alternative input
The simulation was operated as follows:

(a) The purpose of the simulation was to obtain the.optimal yield of cach element
grid in a probable drought year.

(b) Groundwater level were changed in the simulation model in relation to
discharge. The optimal yield, also called the safe yield or the perennial yield in
terms of the water balance was determined as the annual abstraction after
which the groundwater is almost same of the primary water level, and the
difference between the primary water level and the water level after one year
discharging will be less than 1 m after several trials.

(¢) In the limestone aquifer system & further criteria was that the water level
should always be above sea water level, because saline water will be
abstracted when discharge water level is below sea water level,

(d) For inspecting the recharge to the aquifers in the rainy season, the operating
year was assumed to begin from September.

(e) The calculated groundwater levels on August 1972 were used as the initial
water levels at each element as shown in Fig. C-34 and C-35.

(f) The discharge volume was investigated from the designed irrigation water
- volume monthly on each element grid. -

(2) Therainfall in 1975 was used in the calculation as provable rainfall.
{h) The canal fiow is shown in Table C-16.
(i) The industral and domestic water was assumed as shown in Téble C-17,
referring for the Reports of Water Resources Inventory, Water Demand
Inventory and Analysis of Water Balance and Developments Aliernatives by
UNDP (1985/1986). -
{3) Results of operation
The resolt of the simulation indicated optimal annual discharge volumes for each element

grid from both aquifers as shown in Fig. C-36 and C-37. The total monthly abstraction is
suramarized as follows: '
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(Unit: 103 w3/month)

Limestone Basin  Alluvial Basin

 September - 7,690 1,690

October 7,100 1,670
November - - 7,890 1,730
December - 8,410 2,200
January 8410 2,630
February 9,300 3,960
March 9,510 4,050
April ' 9,410 4,050
May - 8,270 3,970
June 8950 3,970
Taly 9,650 - 4,040
- Aungust 2,150 2,130
Total - ' 103,750 36,090

The water levels after one year discharge are shown in Fig. C-38 and C-39. In the
Himestone basin the abstractabie areas are Old Harbour, Innswood, etc. along the
~ boundary between limestone hills and plains. On the other hand the main abstracting area
in the alluvial basin is around the Bernard Lodge area.

The annual water supply volumes for agriculture demand on wells include supplies for

- outside the study area for Agricultural, Industrial and Domestic use in the Lower Rio
Cobre Basin estimated as shown in following table:
SR L (Unit: million m3/year)

Source - Agriculture Industrial Domestic*  Total

Limestone basin =~ 60.7 5.9 37.2 103.8
Alluvial basin 31.0 2.6 2.5 36.1
Total w0 917 . 85 39.7 1399

Remarks; *; includes the exported water to the Kingston

' 17 millionm3
3.9 Evaluation of Groundwater
(1) Present condition of groundwater
- There are two aquifers ('_I‘eftia_fy limestone and alluvial aquifers) in the study area and
from which about 130 million m3-of groundwater seems to be produced. But the saline
water intrusion is.caused by upconing and frontal intrusion in Old Harbour, Innswood,

etc. The groundwater salinity from several limestone wells is over 300 ppm in dry
season, '
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(2) Evaluation of groundwater simulation result

From the results of the groundwater simulation 103.6 million m3 of optimal discharge
from the limestone aquifer and 36.1 % 103 m3 from the alluvial aquifer arc calculated
annually. At present the abstraction wells are concentrated in certain areas (Innswood,
Caymanas, etc, on the limestone wells and Bernard Lodge on the atluvial wells) and to
avoid interference it is recommended that the well field must be reconstructed in order to
reduce pumping depressions and to have a uniform well field.

(3) Application of simulation model

Since good correlation has been obtained for the groundwater levels and discharges
between present conditions and simulation results in both aquifers it is considered that
fluctuation of groundwater levels should provide the judgement data in planning future
groundwater abstraction. :

The simulation model may also be used as a valuable tool for expressing future
groundwater conditions and shouid be modified regularly with results of observation and
monitoring data.

(4) About UNDP/Water Resources Development Master Plan Report No. 4 (1986) | 5

The subtitle of the report is Analysis of the Water Balance and Development Alternatives
for the Lower Rio Cobre Sub-Basin by a Simulation Model. The volume of surface and
groundwater was predicted using the data of two rainfall stations and river flow data by

probability theory, after which the water balance was analysed with the provided water '
and several water demands. The prediction of rainfall and river flow was based on data
tfrom only a few data, but it is noteworthy that the authors state that the best prospects for
development of the area will lie in crop diversification and imiprovement of the main canal.

3.10 Groundwater Basin Management
3.10.1 Appropriate usage and mainfenance of groundwater

(1) The safe yield of the groundwater basin is the amount of water which can be
withdrawn annually without causing an undesirable influence in the Basin (Todd,
1959). The undesired influence means usually increase of pumping costs due to
decline of groundwater level, sea water intrusion and subsidence. It is noticed that
this definition includes perennial water balance, no risk to econorical use, and no
trouble to groundwater development. This definition is called as perennial yield by the
characters of perennial water balancing. o :

(2) In the Lower Rio Cobre Basin, rainfall distribution is strongly seasonal and the
rainfall pattern is intensely localized. Therefore unrestricted usage of groundwater at
any time would lead to a fall groundwater level and saline water intrusion to the
aquifer in the part of the Basin. I



(3) The irrigation water must be used effectively by:

(a) Economy and management of irdgation water use.

(b) Maximizing the use of canal water.

{(c) Conservation of excess surface water in rexcrvoxrb and recharging some of it
into the aquifers especially.in the 1ainy season.

- (d) Keeping drawdown levels above sea water level, to preventing saline water
_ - intrusion.
: (c:) Fonnulatmg a syslem that by whu:h well owners must observe their wells and

submit the groundwater data to UWA,

(f) Better management of the groundwater well field by reconstruction.

3.10.2 Groundwater maﬁageﬁlent
The gréuﬁdwmér éﬁanagément should include:
{ I.) Collection of observational data

This needs o be cﬁuie_d out comiriuously including the observation of groundwater
levels, pnmping water levels, discharge and water quality of the index wells, Many more
observation wells must be installed in addition to the present monitoring system as shown
below:

(a) Increase the numbers of the monthly groundwater observation wells on both
limestone and alluvmi aquifers.

{b) Set more than 5 automatic water level records-rs on the limestone wells of Old
Harbour, Innswood and Caymanas, etc. and on the alluvial wells of Bushy
Park and Bernard Lodge etc.

- {¢) Take and analyze the water quality samples from 25 limestone wells and 15
alluvial wells in dry and wet seasons a year for monitoring saltwater intrusion
and groundwater contamination.

(d) Investigate the fresh-saline water boundary on several wells in dry and wet

- season each year. Now only 4 wells can be observed and more 5 wells must
be made available for electrical conductivity profiling exercises. Sites of new
observation wells are proposed in Old Harbour, Longyville Park, Brampton
Farm, Bushy Park and Salt Pond.

(2) Hydrogéological investigation

The groundwater conditions in the Lower Rio Cobre Basin are so complex that much
‘more hydrogeological investigation should be carried out before new wells are
constructed, in order to grasp the continuity of aquifers, the aquifer characteristics, the
relationship between limesione and alluvial aquifers, conditions of saline water intrusion,
effects of artificial recharge, groundwater sub-basins, etc.
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(3) Obligatory system of groundwater data submission

T'o establish a reliable monitoring system for the groundwater system, it is necessary to
systematize an obligatory system of well data and groundwater observation from the well
owners or users. The items of data'requircdal‘e: Name of well, Nane of omer, Place (co-
ordinate), Drilled date, Drilled method, Depth, Datum level, Well structure (diameter and
depth of casing and screen), Well condition (water level, pumping water level and
discharge on the constructed and each month, water quality semi-yearly), Pump (name,
type, stage, diameter of discharge pipe, HP (kwA), discharge, capacity and total head)
Trouble (sady, salinity, etc.).

(4) Filing system of groundwater data

Above-mentioned data must be filed in a data bank accessibl.e by computer at any time.

(5) Intensive groundwater monitoring | |
Intensive groundwater monitoring is necessary not only to detect critical gfoundwatcr

levels but to provide more detailed data for the purpose of improving groundwater
simulaton models, planning and management.
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Table C-6 AQUTFER_CHARACTERIST].CS, LIMESTONE WELLS (After FOA Project)

. Type Pumped - : _
Name of Well Reference of well Cbsérvation
' Test T{m3dfm) - - T
Bodles Livestock E5033 N378 Drawdown 5,800 -
Bodles Citrus 15049 N3793  Drawdown 3,520 -
Oid Harbour - ' : ' o
Perric’s E5085 N3762 Drawdown 32.1 -
Bushy Park {Hend) E5238 N3785  Recovery 319 -
St. Helens No. 4 E5305 N3864 Drawdown 312 1,690
Recovery ' 155
St. Helens Expl. E5305 N3864  Drawdown - 175
: : .. Recovery 175
Cotton Tree No. 2 ES5352 N3945  Drawdown 204 -

o Recovery 204 -
Arigoanabo Expl. E5550 N4130 ' Drawdowii 3,970 -
Crescent Expl. E5555 N4154  Recovery 20 -
Litile Windsor Expl, B5568 N3327 Drawdown 1,400 -

Bambgo Expl. Es5633 N4173 - Recovery 15,100 -
Tredegar Park 1 ES660 N4032  Drawdown 680 -
Hatf Way Tree Expl. E5803 N3916  Recovery 952 -
Caymanas Expl N5853 NAOIO0  Drawdown 197 180

Recovery 245

Specific

Name of Well Reference T QA Capacity

(m3d/m) . {m3/min/m)

Chungs E3550 N4QG2 101 5.64/ 991 0.57
Ariguanabo Expl. E5550 N4130 254 3.27/ 518 0.63
Crescent Expl. ES555  N4154 - 169 0.77/31,39 0.02
Headworks Dam E3567 N4150 82.0 227221 0.10
Content Expl. E5580 N414¢9 4,590 6.00/ 1,25 4.80
Cross Pen ES5623  N4115 1940  6.14/213 - 288
Bamboo Expl. E5623 MN4173 13600 7.82/0.73 10.71

Cross Pen Expl. ES640 Ndli4 7.830 6.77f 2.44 291
‘Waterloo Vailey Expl. E5697 MN4087 3,670 7.82/ 597 1,31
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Table C-9  AQUIFER CHARACTERISTICS, ALLUVIAL WELLS (After FAQO Project)

Name of Well Reference Type of Test Pumped Well Observation
B N T (m3fdmy T md/fdfm - - 8
Salt Pond No. 2 E5742 N380S  Drawdown 274 1,790 0.0180
. Recavery : 3,070 0.3330
Half Way Tree No. 4 E5842 N3010 Drawdown’ 3,280 0.0436

Table C-10 TRANSMISSIVILITY VALUES CALCULATED FROM
RECOVERY TESTS, ALLUVIAL AQUIFER

{After Versey, 1962) . .
Name of Well Reference - Pumping Well

E N T (m3/dfm)
Amity Hall No. 1 E5331 - N3ga4 177
March Pen No, 2 E5676 N3833 400-480
Blair Pen E5698 N3877 370-670
Jones Dam ' E5709 N3940 . - 390-4000
Bemard Lodge ES727 N3883 1509-2390
Government Park ES748 M386D 6640
Lime Tree No, 2 ES761 N3e22 1270-1550
Hal{ Way Tree No. 5 E5808 N3g92 1600
Cookson Mo, 1 E5814 N3875 162
Half Way Tree No. 2 Esgig N3907 768-1110
Half Way Tree No. 4 E5842 N3910 700-2100
Watson Grove E5854 N3971 8200
Belmore No, 2 E3880 N3954 838

Table C-11 ANNUAL ABSTRACTION FROM ALLUVIAL AQUIFER

1970 1971 1972
1 Irrigation _
Million US gallon 8,984 10,287 10,136
Million cubic meire 34.00 38.90 38.40
Numnber of wells 50 51 52
2 Domestic
Miilion US gallon 5 5 3
Million cubic meire Q.02 .02 002
Number of wells . 4 4 4
3 Industrial
Million US gallon 447 450 433
Million cubic metre 1.70 170 1.70
Number of weils 2 2 2
4 Total Absiraction
Million US gallon 9,436 10,742 10,578
Million cublc metre 35.70 40.70 40.00
Number of wells 56 57 58 -
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T abie C 12 MONT: HLY RJ\H\FALL DATA

s . (Unit: mm)
Smos\ - Jan,  Feb.  Mar.  Apr. May . Jun, Jul,  Aug.  Sep,  Oct,  Mov. Dec.  Totsl
B 19‘12 o

Above Rocks 777 310 BLS 1227 (2801 - 902 1275 1063 207.5* 180.3* 81.5¢ 218.9* 1704.2*
Bodles Apt 241 §72- 1013 200 404 1220 33 20,1 960 1229 155 1085 1405
Caymanag C 89 10671 648 279 1461 1651 330 724 BLS8* 2253% 94.0° V44* 11004*
Codna Walk ) 10389 410 947 521 2439 1470 5.8 1361 1290 1402 356 1433 1,280.7
Gugnmaboz Vele 757 851 1356 1120 857 1930 0.0 1250 1504% 2393 127 1361 135446*
}lxmozwl’m ; S0 S 1018 162 183 85672062 00 00 114 2638 313 B4 8750
ngwoed 2 - 272 653 1267 - 795 447 1303 00 338 1227 2503 114 2309 {1318
) Innsweod 5. o . 64 6680 538 - 25,0 - 483 - 845 0.0 488 787 1781 040 1527 7537
Kensingtan 262 612 372 358 2162 1763 0 516 2979 1659 2195 1040 1854 16713
C(dHaboor 219 696 1242 409 439* 1011 00 127 855 &1L 56 960 7055¢
Sligoville : 353 5646 287 1392 253 1516 TRG 2637 1820 1615 61.2% 2007 1589.8*
Spanish T. Woadlands 43 467 © 993 000 655 1466 00 193 635 1412 00 1882 3746
Springvale ’ 700 320 445 P39 1554 1709 1490 1732 1509 1425% 1013 2029 14667
Waigmnont : 622 516 909% 452 128.3% 1745% 20.7* 51.6* 754% 45.0* 1067* 19637 10554+
Brown's Hall Schoat 452 527 620 19.8 1532 259 648 785 1529 2497 259 1834 1,36%.0
Inmgwoed 1 N 213 803 1039 638 0 561 1537 00 315 993 2223 . 22% 2250 ),0821
Beward Lodga 79 - 470 356 739 159 . 1539 00 368 236 1897 090 936 7313
Bodles Rose [all R 221 699 1496 648 - 417 1389 1.8 17.5 1126 1344 £9 1095 8767
DBybrook : 983 409 264 1189 1514 1252 2356 157.3* 1572 1748 1461 1831 1605.4*
Dawking - - 15.0 660 AT 343 963+ 1118 229 330 965 1354 3%4 965 820.8¢
DawkipsBog . - 1271 762 430 876 © 597 1270 178 203 73.2 1814 6.2 726 8337
Faqn2 - 76 597 572457 940 1633 305 1LE 699 1875 356 831 8524
Groat Salt pond . 122 462 97 264 183 1552 00 137 180 1234 DO 564 . 4795
Hartlands 2- : 229 135 940 . 84 231 1265 08 08 307 803 91 996 5081
Lagoon . 21.6 1295 - 851 - 33.0 14B.6% 1486 102 1156 876 23740 10D3 300 11971
Litils Windsot 277, 658 922 302 861 1709 0.0 0.0 9.6 168% 58 693 73715
March pen ’ 267 795 409 452 0 861 140 0.0 51 138 20956 89 1120 2068
South syndicate 64 517 6.6 180 450 140.7 .00 22.1 44.7 1518 201 312 5441
Tulloch Estate 737 330 582 785 - 2008 1237 1AH9 468 1715 1837 1692 1913 1,563
“Wapwick Castles - 244 465 932 -47.0 577 1621 00 366 137.2 2103 132¢ 1476 975.R*
Forry, : ) 127 1143 1194 1118 1343 1312 279 229 65.3% 1882° 655% 7304 1060.5°
Halfw;yuee ’ 56 478 . 212 546 7.1 2129 00 340 279 2512 3.0 450 7833

2. 1975 Co
Above Rocks 0.0 006 - 06 5.8 127.8 1021 1575 2410 5789 1956 1918 284 16289
Bodles Agt- : 97 15 24 125 330 00 665 706 1572 1184 154 470 §062
Caymanas C 5.1 0.0 64 254 229 29 826 533 1943 1384 953 470 6796
" Cogos Walk 127 346 284 391 78.2 13 643 2126 2591 1514 834 607 10182
Cuangbos Yale 104 305 4.5 681 704 9} 1163 1430 2141 1844 1191 279 10088
Harmony Pen 114 6o 00 s 219 00 404 00 2103 876 32 343 3082
Innswood 2 0.0 L3 00 . 358 447 00 932 1133 1900 1069 559 472 6883
Innswood § [X] 1.0 0.0 246 513 08 4BS 5511524 . 688 503 558 5186
Keasingtan 2.8 8§79 564 1031 1737 M8 1725 1615 3734 2040 2682 200 1,7183
Otd Harbour - ) 160 5.1 00 235 429 00 780 1133 1628 826 615 399 6257
Sligaville. - ’ 84 681 21 1265 0 955 1194 2349 15635 (3170 3122 3762 49.0 13346
. Spasish T. Woodlands 2.9 00 00 %1 663 00 170 . 1L7 638 1163 229 180 4350
Springvale - : SEEe 0 5T A0 1900 5330 M0 1339 1334 1849 1374 894 310 11,0336
Watormont | 18 510 384 333 805 0 170 767 1067 2243 1811 31 3%l 8738
ﬂromsliallSc‘mol 0.0 o0 00 00 00 6.0 0.0 0.0 4854 2682 122 584 M2
“Trinswood 1 6.1 25 05 231 564 28  B61 566 1850 §9.2 414 500 6027
Bemard Lodge 28 0.0 a0 20 333 0.0 135 168 15635 792 838 201 408.0
Bodles Roge Hsll 183 30 229 200 323 0.2 582 889 1948 1306 559 465 6713
Bybrook : o 4.1 495 475 67.1 . 549 917 2022 1313 1831 1204 1461 384 L1573
Dawkins o 1.3 0.0 64 165 - 203 1%l TR7T 292 1473 918 gL3 267 3246
Dawkins Bog 4.1 25 038 191 203 00 538 152 1887 1618 1041 419 6153
Fam?2 4.1 25 "38 140 2% - 006 508 - 259 193.0 1285 993 419 5742
GreeatSalipond -~ 0.0 00 - 0O 89 210 - 00 36 6 1533 302 213 MO 3890
Hartlands 2° ] 89 00 102 64 588 00 406 152 1763 1153 295 559  509.
Lagoon ) 00 0.0 64 318 14.0 76 864 699 2235 1460 1207 453 7547
Litile Windsot . 102 00 00 91 5087 00 589 127 2182 1397 356 419 5151
March pen .S | 0.0 00 .6 274 0o 212 132 2083 6.6 M6 173 4143
Somh syndicste 0.0 0.0 0.0 §9 14 15 274 30 1902 912 739 330 43RS
Tolloch Estate ’ 53 1685 0 320 1087 589 - 841 2040 1478 1380 1760 1770 361 12488
Warwick Castles .25 30s 13 310 427 00 1138 - 945 2103 673 488 643 709.0
© Forey : 5.1 s 3.3 114 19.4 00 343 17.8 1930 1676 1080 457 6026
_Hall way tree 4.1 0.0 0.0 41 241 00 157 124 151.¢ 8L 671 302 3914

Rcmuks 4 Caloulsted ramfali afuer Botbol Repert (1982)
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