3, HYDPC)GFOLOGY __

}3 l Prevrous InVObquathn°

Syotematle hydrogeologlc Ainvestigations of the Black Rlver
'Lower Morass hdve been reported by FAQ (1971}). Thelr reconnaissance
_ievel rnye tlgatlon of - the TLower Morass presented 1nformatlon on
'the:geoiogy, groundwater catchment boundarles, the permeablllty of
the llmestone aqulfer, 1ts water table and ground water quallty.

’ FAO & tleld study was carrled out betwacn April 1965 ‘and March 1967.

S 320 Hydrostratigraghy_

3;2;1_2 Impermeable-basementﬂ

The Cretaonus formétions and the Yellow ITdimestone Group,
'because of their. ]ow permeab111ty, function as aqulclldes i.e.,
tthey may store water but w111 not transmlt water in sufficient
_quantltleq to support economlo yields From wells and sprlngs These
formatlons serye as the hydrogeologloal basement within the Black

Rlver Ba51n

3.2.2 White limestonetaquifer'_.

. ”fAlllmembers of the White Timestone Group function as aguifers
:where seoohdery.permeability'is moderately or well developed. |
~ primary perméability is generally poorly developed within
the leestone Aqulfer. In the Tloy/Claremont and Glbratlar/ Bonny
Gate Formatlons, it has been largely destroyed by recrystalllsatlon
and’ 1s 1n1t1ally Iow in the SOLt chalky llmestones of the Newport

'Formatron. .

The L:Lmestone Aqulfer owes | its permeaﬁility to the.
development of secondary permeablllty . In the Tioy/claremont end
' Glbraltar/Bonny Gate Formatlons “the bulk’ permeablllty oi the lime-
stone 15 controlled by the development of solutlon enlarqed
beddlng plane ]ornt and fracture permeab111ty.7 These features
result as a response to stresses on these 1ncompetent llmestones.
The absence of these micro-features from the more competent

Newport Eormatlon acoount for. its apparent lower. bulk pormeabllity.



However, the effectlve permeablllty or the Whlte leestone Aqulfer -
is controlied by the presenco of faulte allgned 1n thendlreotlon

of major groundwater movement.

Diffuse flow is dssoclated with Lhe bulk permeabillty ot
the Limestone Aquifer and condult flow wath the fault controlled
movement of jroundwater. Aquifer Tests, carrled out thls study
on the Burnt deanna, and Luana wells,located w1th1n the Lower ”*ﬂ
Morass, produced transmlssnv1ty values characterlstlc of condult
flow i.e., 4,82 x lO m /d (3. 23 x 107 1gpd/ft) and 5 26 x 103 m /d
(3.53 » 105 lgpd/ft), respectively. Both we1ls are Slted on
faults aligned in the dlrectlon of major groundwater rlow. The
blue holes of the Bload and Styx Rlvers and the Mlddle Quarters

springs are also 31m11arly 1ocated on faults.:.
FAO {(1971) reports a range of Lransm1531v1ty 400 - 4,800
: 5
m /d ({ 2.6 x 104 to 3.22 x'10 1qu/ft) for the leestone o
Aquifer of the ad;ornlng Pedro Plalns area (see Table C 2)
similar range is reported by White {1983) for. other groundwater

basins in Jamalca (see table C-3).

The development of this karstic secondary permeablllty is
believed to result from solutlon/abraQLon enlargement of 1n1t1a1 -
mlcro—permeab1llty - Versey (1960) “White (1983), concentrated '
within the zone of groundwater level fluctuatlons._ Karstlc
permeablllty tend’ therefore to be absent from newly upllfted .
limestones as is exposed at Cataboo and Sllpe. The 1nner core . _
of the limestone mountalns (e 9., Santa Crug and Lacov1a Mountalns) -
appear to have also escaped karstlflcatlon serv1ng as barrlers B

to groundwater flow and pondlng groundwater as 1n the Upper Morass

In the bottom of- the Lower Morass depreselon the water - o
level in the leestone Aqulrer is COnflned by the overlylng Alluv1um
(clay) Aqulclude, except in the upper Broad Rlver Ba51n where .

windows in the clay allow dlrect hydraullc contanlty between the -

leestone and Peat Aqulfers
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_ "-The alluVLum covers most of the floor of the Lower Morass

"depresslon,_restlng d]rectly on tho underlylng llmestone. Borings

_made durlng thls study” conflrmed maximum clay thlckness of 6 m

(20 fL) in- the Lacovia area (BH # 2) and in the swamp in the

hMlddle Quarters catchmenL clay interbedded w1th peat was proved to
a maxlmum depth of 16, (B H + 8). . See Annex E Figs. E~2 to 14

Tn the eastern upper section of the Broad Rlver Basin, the
-;clay is belleved to ‘be genexal]y thin. Groundwater issues vertically
{through;wrndows-ln_the clay-as.the Broad Riverand Styx'RiVer blue
hoiesr in“thé &estern area of'the'LOWer Morass-the clay appears
:_to be much thlcker, such that groundwater igs ponded in the lee-

'_fstone Aqulfer of the Mlddle Quarters subvcatohment,-lssulng as

sprlngs at or near the outcropplng of the llme tone/alluv1um boundary

where the clay is intact it functions as an aguiclude,
'conflnlng groundwater levels in tho Limestone Aquifer and preventing
7:d1rect hydraul;oroontact between the underlying limestone and the
M0verlying'peat{
3.2.4" Peat aqulfer
P.C. J. (1983) reported that peat covers almost the total
‘area of the swamo, w1th maximum thickness of 12 m (40 ft) in the

Mlddle Quarters River catchment area in the. western section and

~about 5 m (16 ft) in the eastern sectlon of the Lower Morass.

'No-ﬁeasurements of the permeablllty of the peat in the
'Lower Morass are known- to ex1st. However, rates of 0.0l to 0.108
.m/day (24 to 256 1gpd/ft2) were reported for peats in Japan
r(Umeda and Nagasawa, 1977).. The absence ‘of the accumulatlon of
- organic. ac1d throughont much of the swamp suggest a 1egular flushing
'of Lhe peat.‘ These organlc ‘acids -in more stagnant swamp situations
='produoe a’ characterlstlc brown coloured water, Wthh is .confied to

the southern marglns of - the swamp. in the Lower: Morass.

The peat 1s apparently in hydraullc contlnulty with the

"surface streams which draln the Lower: Morass, the water in the peat



{or more comuonly above the. peat. surfaoe) belnq at approx1mately the

same elevation as that of the water surface of the rlvers._ It 15 hydrau—

lically separated frOm the leestone Aqulfer, throughout most”of the

Lower Morass by AlluVLum Aqu1olude._-”

3.3 Boundary.of'éroundwater Catohment .

FAD (1971) reported a boundary for tne Black Rlver'B i
identified the several eub—oatchment boundarles W1th1n thlS Ba51n., The
ba51s of the selection. of the boundalres choosen were' not dlscuesed and
it is here assumed that . the FAO 1dent1fled the eurface water boundarlee
WRD (1982) plesumed that the groundwater boundarles o01n01ded Wlth:the

surface water boundarles..

In the present study, the groundwater boundarles For the Low_r
Black River Ba51n and its submcatohments were deflned : They are shown

in -Fig. C-3.

3.3.1 Southern boundary

This boundary o01nc1des with the northern groundwater boundary of:
the Pedro Plains Sub-catchment of the Black Rlver Ba51n. Thls boundary
was drawn along the crest of the groundwater hlgh 1n the Fullerswood—
Mountainside areas, baSed on water level contours for the Pedro Plalns

reported by WRD  (198la).

3.3.2. South-eastern boundary.

The groundwater d1v1de 1p the eastern sectlon of the Lower Black
Rlver Basin coincides with the allonment of the Santa Cruz Fault from
Carisbrook to HounsIow. Low permeablllty Newport Formatlon 15 brought
to the surface at the base of the Santa Cruz and Lacov1a Mountalns on _
the eastern up—thrown side of the Faultr Dreventlng underflow from the ;:
Uppexr Morass and. Essex Valley sub—catchments of the Upper Black Rlver
Basin 1nto the Lower Forass - The 20 m (65 ft) dlfference of groundwater
level elevatlon on elther side of the Santa- Cruz mountalns attest to thej
lack of hydraullc contlnulty ive.y less than 1 m (3~ ft) 1n the Lower _
Morass and 21l w (69 ft) in the Esser Valley._ The pondlng of groundwater.

in the - Upper Morass imply little, if any, underflow 1nto the Lower Morass



'53{3;3' Ncrth#eastero'and north-western houndaries
These boundarre ware made to coincide with 1mpermeable

basement rocks whlch outcrop or ‘are- close to the ground surface.

ThlS boundary 001nc1des W1th tht surface water boundary

'd3 3 4 Mrdwwestern boundary

- The boundary proposed by FAO (1971) was 1ed1awn to exclude

-athe catchment areq ‘of the closed Newmarket surface depresslon.

_ _ Data resultlng from the June ]979 floodlng of the Newmarket
-_‘depreSSLOn lndlcated that there Was no srgnlflcant, if any qroundm

' water underflow from the Newmarket depression to the Lower Morass.
:Donaldson and Walters (1981) reported that oesplee a‘4.6.m /s (88 migd)

leakaqe from-the flooded depre551on to the sub—surface théere was

Coono. 31gn1frcant 1ncrease in the flow of theé Middle Quarters Spring

:ln Lhe ‘Lower Morass: These Sprlngs were prevrously ‘assumed
. (FAO, 1971) to have been the ex1t ‘for groundwater recharge in the

ZNewmarket area,“;--

'-assumed thls study to be too. 1arge, bhaséd on the absence of
.perennlal or:- seasonal surface water dralnage and the: estlmated
-.dlscharge of - the Mlddle Quarters Sprlngs. -Given average annual
raznfall over- the Newmarket sub- catchment (after FAO) of 2.367 m,
c_catchment area of 140 km2 and ‘a runoff coefflcrent 0f£-0.4, then the

ﬁ;dlscharge of the Mlddle Quarters Sprlng should be of -the order of
':4-2 m3/s (SOrmlgd} . Flow net evaluation of groundwater flow
'estlmate total spring - flow to be of the order of 1.0 w3/s (19 migd,

isectlon 6.1. l (a)), much more in keeplng with the 50 k2 catchment

.'area de01ded thls study and annual rarnfall of 1. 58 m.

3 V3. 5 South-western boundary

- The - groundwater boundary was assumed to ‘coincide w1th the
.crest of an antlcllne_ln-the Mount: Charles and Luana areas of the

Basin.”




3.4.1 Groundwater levels"'

Watexr level elevatlon data from 5 sprlnge and 20 Wells,; .
were used to prepare ‘a groundwater’ level contour nap’ ln the leeH
stone Aquifer of the Black River LOWEIIMOLaSS. The map is '
presented as Fig. ¢-4. The ‘datum for each polnt was accurately
detormined by £1eld survey carried ont durlng this Study.:'Thesg

datum elevations are llsted in Table(3 4.

Ground water level contours were drawn to a- max1mum elevatlon
of 2.0 m above mean sea level ‘The maln features of the map
were the presence of two groundwater depresslons f the Broad Rlver
and Middle Quarters degre531ons separated by a low ground water
ridge in the Frenchman - Cataboo area of. llmestone upland.. Ground—
water from the Ltana, Middle Quarters and Frenchman flow~tubes o
discharged into the Middle- Qualters Depre551on and the Fullerswood
Hountainside,; Burnt Savannah and Lac0v1a flow—tunes emptled 1nto
the Bread River depression. There was llttle CVLdence ‘of dlrect
groundwater outflow to sea. The extent of the respectlve flow—

tubes are shown on Fig, C-5,

A water table exists in the upland areas but the groundn

water surface isg cenflned in the swamp ares of ‘the Lower Moriss:
3.4.2 wWater table flictuations
———zn e Tluwetuations

The water'level‘in wells and springs of the leestone Aqu1fer
were monitored once per week for a 4 week period —-July I? to

Avgust 15, 1984, . The resultlng water level fluctuatlons are
presented as Fig. -6, '

The glounduatex levels showed a general trend to 1ncre351ng
elevation in response te the onset of the maln ralny season. o
The e\tant of the fluctuleons observed appear tc be dlrectly

related to the variation of permeablllty wlthln the aqulfer Wells

s known to be associated with hlgh permeablllty condult

Fiow along faults showed fiuctudtlcns an order of magnltude less
than the others W

hich reflected the lower pnrmeablllty dlffuse flow._

and spring



See Tab]é C 4 Note also that the hlghest change in groundwater
1eve1s were obeerved at Frenchman, on the groundwater ridge.

) ThlS rldge 1s developed 1n that area of the Limestone recently
_'emerged and’ belleved to be léast affected by karstic processes i.e.,

area of 1owest permeablllty w1th1n ‘the Lower Morass.

- Thc exlstence of groundwater 1evels being below mean sea.
1evel 1n the Vlneyard - Ar]:ngton - Fullerswood area implied that
groundwatpr levels 1n the Lower Morass sub- catchment rebponded
to.t;del,f;uqtuat;pns.: rluctuatlons of maximum pumping water levels
in the Luena and Burnt Savanna wells observed-during aéuifer '

testing were also thought to Teflect Lhe effect of tidal fluctuations.

4 3 Sprlngs ahd blud-holes

'-.Gloundwater lS dlscharged from the Limestone Aqunfer at the
' marglne of the Lower Morass as springs (e.g., the Middle Quarte*s
‘Sprlngs) or as vertical upwelling through "windows" in the Alluvium
_'and PeetIWEich floor the Lower Morass {e.g. Broad River and Styx
River Blue holes). '

The Middle QeartEre Springs issue at or near the outcropping
of the bduﬁdefy between the LimeStone Aguifer and the Alluvium
Aqﬁiclﬁde in the north western section of the Lower_Mofass.- Tt
appears likely that the. relatively thick sequence of alluvium
and'peetiéveiburden ( 16 m) - limit the development of blue
_hOles*within3the Swamp['bonds the gtoundwater in the Limestone
Aqdifer, which overf]oﬁs at the limestone/alluvium bhoundary. The
;Mlddle Quarters Sprlngs drain the 50 km2 Middle Quarters sub-
-catchment at a rate of about 1.0 m /s (see section 4.3.4 and
6.1. 1{a)). The sprlngv appear to be associated with the down-
_stream end of Laults ‘orientated 1n the direction of major ground—
water t]ow, a relatlonshlp whlch 1mplles that they are fed by
| condult flow. “The relatlvely ‘low range of EIUCtuatlons observed
at these sprlngu was con51stent with the assumptlon of conduit
'flqw (see sect10n_3,4.2 above).

..FAC'{lQ?i[ reported the existence of some 18 sinkholes in

=the bed ofﬂthe Brbad Riﬁer, of which only those in the Upper

c- 11"



reaches of the river appcared to actlvely support groundwater dlscharge

i.@0, functioned as b}ue'holes Durlng thms study, Lhe Broad Rlver and'
- styx River blue holes were lnvestlgated The Broad Rlver blue hole  ' '
which is 1OLQtLd about 4.5 km upstream of the Salt Sprlng brldge,_A ”‘
Ohhlblt&d a depth of about 10 m below the water surface, w1th llméstone
rock exposed at its base. The bottom of  the Styx Rlver blue hole was ;.
coversed with a thick gxowth of aguatic plants Ho turbulence was
observed in either blue hole. DlLﬁCt measurement of ﬁhell respectlve:
flows was not attempted as there was no obvious’ way that a dlstlnct
groundwater flow could have been identified. Flow Net’ Analy51s

(section 6.1.1. (a)) determlned groundwatel lnflow into tne Broad Rlver
deprassion to be of the order of 1. 5 m3/s (29 mlgd) Estlmates developed
by the water balance method indicated a mean aﬁnudl lnflow of ‘1. 8 m3/s
{34 wigd)} Annex A, Section 4.2.2, Both - the Broad and Lhe Styx Rlver

blue holes are located within eclose prox1m1ty to the allgnment of the

Santa Cruz Fault.

The main hydrageological features are summarised on a map

included as Fig., C-7.

C -1z



4. GROU'ND_ WATERf QUALLTY
”4 l WaLer ZEGS
) Samples collected from ll wells and 4 springs were analysed

for major catlon and anlon concentratlons and phy51cal quality.

'The res ults of these analyses are presented in Table C 5.

: Three water types were 1dent1f1ed w;th the ald of stiff,
trlllnear and hexa dlagrams.- These dlagrams are 1ncluded as

_ Flgs. C- 8 C 9 and C~10

4. 1 1 C3101um blcarbonate type

_ The background quallty of tho kaIStlfled section of the
_-leestone Aqulfer colresponded to a ealctum bicarbonate type water.
.iThlS water type 1s assoc1ated w1th groundwaters in the Broad and

' Styx Rlver blueholes, wells in the Mountalnslde - Burnt Savanna -
LaCOVLa areas, ‘the Mlddle Quarters Springs and the Luana and Ashton
wells.i These waters owe. thelr quallty ‘to their 1nteract10n with the

-Ca101um carbonate rich leestone Aguifer.

4. 1 2 Magne51um blcarbonate type

_ Thls watcr type was 1dent1f1ed in the Frenchman- Sllpe area
.and 1n the overflow;ng arte51an dlscharge from the Fullerswood
Corehole;_ These waters ‘occured  in sectlons of the Limostone
Aquifet ofrberticeiafiyelow permeability, either at the surface as
at Frenchman - 'Slipe,‘br at.depth as at Fullers&ood. The
enrlchment in magneslum may reflect the presence of dolomitic
llmestones 1n these sectlons and the longer contact tlme of the

water w1th the~aqu1ferL'

'4.1Q3 Calc1um,chlorlde type

_ ThlS water is exhlblted by the Vlneyard well. Its proximity
to that sectlon of the Broad Rlver affected by Seawatex 1ntru81on
and Wthh hau groundwater level fluctuatlons below sea level 1mp]1ed
the 1nf1uence of seawater on the water QUallty 1n tnls well This

-conclu51on is supported by —'sulphate/chlorlde and magneslum/ ' '

chlorlde ratlos whlch are 51m11ar to ‘those expected to result from

seawater contamlnatlon..

C = 13



4.2 Sea Water Cohtaminatioh

FAQ (19?1), NRCD (1981), Hydrocon (1982) and PCJ (l983)

“&ll reported. the presence of Seawatel wedges in the beds of Lhe o
Black and Broad Rlvers durlng perlods of seasonally low flow ;?he}
wedge has been confllmed up to: 7 km upstleam from the sea '_' L
(PCT, 1983). A potentlal exists . for contamlnatlou of the leestone g
and Peat Aaulfers to the extent that they are 1n dlrect hydraullc _
contact with the contaminated rlver bed. Both aqulfers may also be ERE
contamlnated by dlrect lnflow from the ‘sea where they have a common -

submsurface boundaly, Wlth the eea.e_

4.2,1 Lontamlnatlon of the limestone aquifer

' FAO (1971) ldentlfled that area of the leestone aqulfer_‘%
belleved to be contamlnated by seawater 1ntru51on See Flg C-11;
. Thelr conclusion was apparently based largely on the p031t10n of

the sea water wedges in the bed of the Black and Broad Rlvers.
Electrical conduct1v1ty measuxements were carrled out thls

stucy in wells and springs wlthln the Lower Morass Subhcatchment

F: map showing the dlstllbuthH of electrlcal conductavlty w1th1n

the ulmostone aquifer, as 1ndlcated by these measurements, 1s

Presented as Fig. C-12. Groundwater of background quallty haveur

values of electk rical conduct1v1ty lees than . 600 micro, mhos/cm l;Af-

deneral 1ncrease in elecnrlcal Conduct1V1LV towards the sea is mod1~

fied by higher values belng assoc1ated w1th that area of: the aqulfer

in the vicinity of the Black and Broad Rivers, »a maxlmum value of
2,500 micro. mhos/cm was deLermlned for the discharge of the Black

Rlver Spa, a llmestone sorlng located less than 100 m from the

shoreline,

Given an electrlcal conduct1v1ty of about 50 OOO,mlcro mhos/cm
for seawatnr {(WRD 1981b) a maxlmum value of: less than 3 000 mlcro.
mhos/cm w1th1n the leestone Aqulfer 1ndlcated moderate to low sea —

water contamlnatlon. This conclu51on suggested slgnlflcant sub—'



Lhe presence of a thin surface layer of relathely fresh groundm

_water flowtng seaward above noxre sallne groundwater at depth

_ The leestone Aqulfer is in direct contact with seawater .
.; rn the ‘bed of the Broad. RJver about 1.5 km upstream of the Salt
L prlng brldgo, where llmestone is exposed in a 1 km reach of - the:
_rlver bed. “The ‘aquifer is also assumed to be in direct hydraullc
.contact w1th the sea at. depth off shore. Both these situations
: proV1de 51gn1flcant opportunity for seawater intrusion of the

aoquer

_ Hydrocon (1982) reported the preeence of slight eallne
"‘contamlnatlon of the 76 m deep Luana well, and referred to the
.absence of a proper Ghyben Herzberg response within the Limestone

f_Aqulfer of the Lower Morass i.e., glven such a low groundwater level

elevatlon much hlgher leve]s of sallnlty aught to be present within
~the welis and sprlngs ;n ‘the Lower Morass.

A defiﬁitive”ihterpretation of saline. contaminatjon'of the
leestone Aqu1fer Wlll requlre the drilling of several deeo wells
1n the v1cln1ty of the 1ower reaches of the Black and Broad Rivers

to obtaln depth/conduct1v1ty 1nformatlon on the aguifer.

“4.2.2 Cohtamination'OE the-peat aguifer

_ _ The Peat Aqulfer 15 in dlrect contact w1th thoee sectlone oF_
_the Black and Broad Rlvers invaded by Lhe seawater wedge. Lont1nu1ty
between erLr water level and the peat water level have been inter-
preted to 1nd;cate hydraullc continuity between -the river and peat.

Sea water contamination of the Peat Aquifer is therefore likely.

The.apoarent”net outflow of fresh water from the Peat AqUifer
_ ant ltS apparent low permeablllty are believed to 51gn1f1cantly llmlt
the extent of seawater contamlnatlon of the peat in the Lower Morass.
_The preeence of mangrove ‘was used to 1ndloate sallne contamination of
the peat 4. 5 and 8 0 “km upstream from the sea in the Black and Broad
"Rlvere, reepectlvely Mangrove forests were also found 1n areas not
regularly flushed by the flood waters of the Black and Y.S. Rivers
:31 e., the rlght bank of the Black River below itg confluence with
the Mlddle,Quarters River and the left bank area between the Broad

_River'aﬁd'the'sea;rdownstreamIOf'Salt Spring bridge. .

; : C-'- 15



The ETuethg of bcaWﬁLOl 1rom Lho r:ver eyetem durln

wol season is. not bel:eved to eause any sngnlflcant reductlon 1n the
area of the Poat Aquafer contamlnated hy sLawater, as the flesh flood

waters are: dxalned off by the- Black and Broad Rlvers before reachlng
these. HLLJS. : : S O
‘The ateas of the Peat Aqulfer assumed to be contamlnated by

sea watel are shewn on Fig. ¢ - 13

.4.3 Groundwater,pﬁ'and'Temperature

Fleld meaqulements of bH and temperature of wells and sprlngs
in the LOWLr Morass were monltOLed once, per week for a 4 week
DLllOd {July 17 Lo August 14 l984) The pH measurements were
Falllod out by oolouxlmetel ptpe method and temperature w:th a
mercury thermomtter w1th O C gladatlons. The resultlng pH and

temperature daLa-ar plesented in Table(: Se

The pH values’ obtalned f01 the wells Langed from ? l to ..
?.6' while that of the sPrlngs and blueholes showed a sllghtly

lower range i. ; 7 0 to 7. 4

Water LempelatULes ranged from 25 to 28 C, that of the
sprivgs and blueholes genelally Lewng l or 2 C 1ess than the

t>mneratute of wall water,



5 iMPACT or* HYDROGFOLOGY on 'I‘HL PROPOSED DI‘VF‘LOPMENT PROJL(.‘I‘

-5;1; Impaot on Groundwater InfloWQ

':: A quantltatlve evaluatlon Gf groundwater inflow into the

Lower Moraes was requnred to determine ‘the implications for the

'-_dralnage plan and al 50 to assess the lmpact of drainage on wells

¢'establlshed ln and around the Lower Morass,

' S.l!l_-PrenprojeCtfgroundwater_ihflow

(a) . Flow Net Determination
~'The ‘Following modification of Darcy's Equation governing
'.groundwater f]ow was used to estlmate sub-surface 1nflow into the

Lower Morass R

NQ,= TxTxL
:whére Q- ;””groundwater flow (m /s)
T . = "transm1551V1ty of the aquifer (m /d)
I = ‘hydraulic gtadlent of the water table (dimensionless
L = length of ‘the water table contour through which

'_tHefgrouhdﬁater-flow occured (m)

. The groundwater level contour map determlned thlS study was

: used 1n the determlnatlon. ‘A pumbher of flow tubes were 1dent1f1ed
.and the groundwater flow in each determlned : Total groundwater inflow
- was obtalned by summlng Lhe inflow from each flow tube. The flow

"tubes are shown in Flg C 5.

- The values:for T. and L were obtained by-direct meESorement
e‘on the map. . 1='1ow Lubes w*th apparently hlgh transm1551v1tles were

' aSSLgned a. value of 7. 45 x LO3 m /d {5 x 10 igpd/£t) -~ Mountainside
-_and Mlddle Quarters Flow tubes, and the others a551gned a value,-

a’ order of magnltude lower i. e.,_7 45 X 102 g /d (5 x 104 igpd/ft).
H.;These assumed values of transm1551v1ty were decxded after con51der1ng
'::the publlbhed data on the leestone Aqulfers 1n Jamalca

@ablesC 2 and C-~ 3) and the results of aqulfer tests. on the Luana

and Burnt Savanna wells carlled out thls study (sectlon 3.2. 2 above)

- The tesulte of the Flow Net Analysis is summarised in.

"'_.TabletC~6 and.thQEhted'graphioal'ae-Fig. C-14.. Groundwater inflow

c = 17



into the Broad. Rlver depress;on was determxned Lo be l 6 m3/s

(52%), that into the ‘Middle Quarters Depre831on 1, 4 m3/s (48%)m'
amountlnq to an inflow of 2. ) m3/s" (57 mlgd) on Augusr 18 1984 _
Conduit flow accounted for 2 2 m3/s (74%) of the total 1nflow..:e

(b) ~ Water Balance Determlnatloh"'

“A detexmlnatlon of the mean ground water 1nflow Lo thefL”wer
.Morass for the perlod _‘1.974’1 to 1980, by the water balance mELhod 15

reported in Annex B section  4.2:2. . A valLe Of 2.6 W /S was

estimated.

This result eompaled favourable w1th thc 3. O m /s estlmated

by NRCD- (1981) ‘and the 2.4 m /s of FAO™ (1971)

leen the Lelaleely small changes 1n water eable gradlents
Lhat are .characteristic of gloundwater'systems, thlS result lent
credibility to the assumptlons used and result obtalned in the:

_Flow Net Analysis descrlbed above (Sectlon 5.1, l (a))

The revised FAO result used aesumed an qdjustment in the;
catchﬂent area to the smaller eatchment of the Mlddle Quarters
sub—catchmnnt of thls Study . Both NRCD and FAO dctormlnatlons'

utlllsed the water balanoe method.

5.1.2"Pesteprojeet.groundwater inflow.

Max1mum proposed development 1nclu6es four. maln blocks of
lang - the Black: Rlver nght Bank (Hollanu), Black River: Left Bank O
{Holiday Pen- Hatfleld), Broad Rlver nght Bank and Broad Rlver Left |
Bank. Each development block has a dlke, a maln dralnage canal and
a pumplng station. These areas and thelr assoelated dralnage control

structuras are. shown in Flg C- 15

 The exclu51on of thg Y.S. River and Middle: Quarters RlVer'fa
swamp axea from the proposed ﬂevelopment area means that thele
should be no Slgnlflcant change 1n the prewpiject hydraullc.f
.1elatlonshlp hetween the ulmestone Aqulier and the swamp after
1mplementatlon of the proposed development pTOjeCt. The small
1nflows from such blue holes as may ex15t 1n these areas would be =
'unchanged "In any event _the maln 1nflow into the Mlddle Quarters

groundwater depre551on via. the Mlddle Quarters Sprlng, would be
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unaffected by dratnaqe of the swamp as Lhelr flow is geo]oglcally

controlled at olevatlons at or above the level of the swanp.

S On tho other hand the dralnage plane are likely to have a.
slgnlflcant lmpact on groundwater Jnflows into the Broad River
: groundwater depressron - Present ground surface elevation in the -
swamp 1e an average O 3 n. Drainage is expeoted to. oauee settlewent

._such that post—pro]ect ground surface elevatlon 1s reduced to 0O m

i, e.,‘the moanfgea level The water table in the Peat Aqulfer will
'be eontrolled at 0 8 m. PIE”pIOJECt waLer level in the Broad '

-Rlver depre581on was estlmated to be about elevatlon 0 m (Sea lcvel)

.,Post—prOJect water 1eve1 would be reouced to -0.8 m at the wmaximum.

The max1mum elevatlon along the groundwater hlgh that forms

htne groundwater boundary Detween the Tower Moraes and the Pedro _
Plalns is about 4. m (WRD 1981a) The lower post- progoct base level
of ~0: 8 -m elevatlon in the Lower Morase, would thus increase the
groundwater head dlfference by 0. 8 m (20%). An lnltlal hlgh increase
| in groundwater flow would result from the increased groundwater
‘-gradlent‘5 To support thls 1ncreased flow, he groundwater boundary
: would tend to Shlft outwards, “increasing the 51ze of the groundwater
oatchment of the Lower Morass, mainly at the ‘expense of the Pedro
'.Plalns.. Accomoanylnq thlS expan51on would be a tendency to establlsh
a new groundwater boundary w1th a lower maximum elevatlon, This
Sltuatzon would eventually 1ead to the establlshment of a final
hydraullc gradlent llkely to be hlgher than the pre pro;ect gradient
but less than the 1n1L1al post project” graduent. The net effect
.would be a less than 0. 3 m /s (20%) increase in groundwater inflow
: 1nto the Broad Rlver depreeslon and a correspondlng decrease in the

.amount of groundwater avallable from the Pedro Plains.

: However; above mentloned controlled ground water level is at

L moSst crltlcal 51tuat10n, the normal helght of the ground water is to be
.mentloned at. the ground surface of EL + 0 m in an average {the lowest
':ground surface level ig EL. -0.5 m at the dralnage pump statlon},

'because th;s area is used for paddy field.
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The changlng of hydrogeologlcal reglme such ae lncrease of

groundwater Jnrlow toward Broad R1ve1 Depressron, low r'ng the ground-

vater level in the Pedro Plalne can be predlcted by computer model

" In order to establlsh proper 51mulat10n modcl wate‘{;"

51mu1atlcn. &
in wells have to be observed for at 1east ong’ year" In thlb event.Jii“

about 15 ‘hew wells should be dug 1n the Broad Rlver basxn and the Pedro
Plarns A hydraulic constant to be app]led to the 91mulatlon mcdel
which is very 1mportant to obtaln an accurate result of computer
elmulatlon, is to be determlned based on “the results of pumplng test

at the wells. ‘Based on the data’ obtalned by - the 1nvest1qatlons, él
model “in which present hydrogeologlcaJ reglme is ermu]ated adequately

is establlshed through try and error, (see Table C~8}

The expected dralnage condltlcn in ‘the Broad Rlver baeln 1n pcst-
development: condltlon is 1nputted to the above model and thus the future

hydrogeological reglmes 1n ‘the Pédro Plalns can be " predlcted properly.
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7 Effect en'ExistithProduction'Welle

. .-;,._-.:.'Effeeti-e_n”'deep_-we;ls i
'*Tﬁéie“aré E:tube~We1]s.in active production,

located near to the  edge of the swamp areas of the Lower Morass

_1 e'}‘the Burnt SaVanna well to the eaet, Holland Well o the north

and the Luana well to the west . See FJg C-4. The Butnt Savanna

and Luana wells are publlc water supply sources and the the Holland

well was used to meet domestlc and industrial demands on the Holland
Tuugar Estate Data on . these wells are summarised in Table (-7

(Hyerocon, 1982)

.fTransmiseivity'resnlte ocbtained from aquifer tests earried
_out'this.study'en'the Luana and Burntfsavanna: wells inhdicated that
both wells tapped eondult flow 1 e.,’'a high proportlon of their
'-flow are obtalned from relatlvely large fissures or caves 1ntercepted
by the wella. “The exclu51on of the swamp arca of the Mldele Quarters

' Rlver catchment from the propesed development area, weuld léave the
Luana well 1arqe1y unaffeeted by dralnage act1v1t1es w1th1n the develop-
-ment area. However, the proposed reductlon of base level w1th1n the
'_Broad Rlver ba51n to ~G. 8 m elevatlon,. 11ke1y to produCe a 51m11ar
reduetlon in statlc and pumplng water levels in the Burnt Savanna
-wellj,_These expected reductlons in well water levels would -affect
._well yleld only in the event that the condu1t(s) feeding into the
: well are dewatered by the pro;eeted O .8 drop in water level, leen
1t5 locatlon along the Santa Cruz Fault.thls 1s hardly llkely to be
fthe case A O 8 metre lncreaSe in. the total dynamlc head of the
_.pumping plant 1nstalled in the Burnt Savanna well Jis likely to
eause at werst a very marginal reduction in. Gutput. Therefore no
. slgnlflcant post—pro;ect ehange in the yleld of the Burnt Savanna
well rs expected. . ' -
In-thejabeence.of;specific_eapacity'data_on-tne Holland well,
it was assumed;that;itsnproduetion eas'supported'by diffuse.flow.
This assemﬁtien.was'based on its location within the Frenchman Flow-
_ tube where groundwater flow in the leestone Aquifer is believed to
'reflect dlffuse flow rather than condult flow. The well also occurs

in an area where groundwater levels in the Limestone Aquifer are
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confined by the overlylng AlluV1um Aqulclude.f Thls a_sence of}dlreot

hydraulic contact between tho Peat and leestone Aqulfer lm.lles 7
'the_Holland well weuld;

that water levels and therefore the yleldr”

be unaffected by reductlons in the watexr tab ;rlﬂ:the Peat Aqu fer,;

and/or.'

caused by the dralnlng of the swamp 1n the B,aek RlVer Rﬂghf
Left Bank development blooka._ The llkely expan31on of the Broad :
River catchment towards the Holland well eould cause a max1mum O 5
metre fall i well water level The resultlng reduct1on 1n saturated
aquifer tapped by the well and ‘the 1nerease 1n total dynamlc head j'
of the pumping plant are lrkely to comblne to produce a marglnal

reduction Jn the optlmum yleld of the well.

5.2,2 Effect on shallow_dugfwellSW'

Several low yleldlng shallow hand dug wells are esta% e’

within the Lacovra - Cataboo groundwater rldge and in- the upland
area of the Lower Morass areaw‘ Tbese wells serve as: seml aotlve
Pproduction wells, prov1d1ng noasehold water supplles and - water
for livestock. These wells are generally used for , household

supp]y in the event of a failure of the nubllo water supply system.,

The bottom of these WellS rarely extend greater than l 5 m B
below the water table A maxlmum 0.5 m reduetlon 1n the water table
w1th1n the catchment of the Broad Rlver ba51n, whreh lS expected
to result from a post prOJect dralnage 1nduced base level of —O 8 m d_
elevatlon, would therefore reduce the depth of water 1n the bottom _
of these shallow dug wells. Thelr contlnued usé- would necessrtate td

'deepenlng to compensate for the fall in. the water table

5.3 Post—ErOJeot Groundwater Quallty
5.3.1 " Limestone water quallty
s dnaltty,

A dralnage 1Pduced reductlon in’ the groundwater levels w1th1n;
the Broad. Rlver depressron to: an average elevatlon of 0 8 m 1s ' .
certain’ to increase the potentlal for seawater contamlnatlon of thef
depressaon The groundwater gradlent with respeot ot the sea

would be reversed wrth a resultlng 1ncreased lnflow of sallne

groundwater.
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7 'The'abSence:of information on the fresh/saline qroundWater
"Llnterface 1n the v101n1ty of the Broad River depresslon precluded

Lven the crudeet quantltatlve estlmatlon of the extent of the watex

. quallty change. A quantltatlvc evaluatlon would necessitate the

-construct10n of several exploratory deep wells 1nto the limestone
e_and_the def;n;tlon.and eharacterlsatlon of the fresh/saline ground-

L weter interfade by a-etuﬂy of water guality ¢changes in these wells.

..5 3. 2 Peat water qualaty

_ L No 81gn1f1cant change in annual surface water outflow from
'thenLower'Morass 1s llkely under post—prOJect COﬂdlthﬂS, as it is
estlmated that 1rrlgatlon dlver510ns will be balanced by & near
'equlvalent amount of dralnage watel discharged into the Black
."and-Broad Rlvers.i CorreSPOndlnqu, no srgnlflcant change in the

) extent of sallne 1ntru51on along the river beds is expected

' ”;7(see Annex B sectlon 4.4},

: The sectlons of the Peat Aqulfer w1th1n the development area
although protected ‘by dikes from flooding by the rivers, will
:contlnue te'behflUShed by fresh irrigation water infiltrated into
ﬁ the_peat‘tie peddy-fields.and subseguently removed by drainage
pumping. -

Therefore.ne significant'post—project'changes in. the water

quality of the Peat Acquifer is likely to occur.
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Table C-1 GUMMARY DESCRIPTION OF HYDRO S‘I‘RI\TIGR?\PHIC UNITS
’ m ‘I‘HE BLACK RIVER BAS'EN :
- \laxmtum . _ S R
nge | rormation TZ’;;‘;”; Lithology - -*“"éiii:‘;’;zi“?-
{metres) R o
peat (Qm) 12 . |very soft, fibrous | - # _Low permeablllty
: partially. decowm- (e ';'aqulfer
o it pos'ed'ﬁlants.-'. e gg S
v N L
I T N _. ol
on Blliuvium 10 Malnly clay, w1th_ 5_:—'3 ‘Aqulclude wh:z.ch
e Ce (ga) o mmor amounts of g T]J _SEparates peat
- sand" and gravel ' 3 g and; llmestc)ne
_ o _ . : !:[i::‘g‘ .‘aqulfers. :.7 b
@ Newpart {1,500 Soft, ch'__a_lky-, B 3’ 'fP;_:—-i'rtlaJ:fyr _pex_jméa—
o0 Limestone ' nodular l_i;ﬁe'S'j;Qne_ -ei. ﬁ ;
0 {¥n) _ sand_y.a;nd_j;h;—'xr_ly‘jin“‘..f 4:‘31 :sc,condar.y permea-
= __Catrabpo%lipg area g s _b}.llty moderately )
T - - T T T .H.{g ;-_developed ' :
g Walderston L2158 Massive bioclastic: &-’S ‘Major' gro nd’
8 Browns e _l_imestone in 10t water movement
3 Tow Lime- gf chalky matrix. : 'J% .assoclated p,rlth
= stone (__Owb} a o -l.:-:';-—l faults L
Bonny Gate| I 460 Hard, 'weill bedded: W
Gibraltar | § chalks with -few . : mﬂ 'developed _second-
Limestone [ & ‘clay and fllnt S B ary permeablllty.
e {Egh) g layers. - . Eé‘ Character: essen~
i Somerset o 60 Bio-clastic lime- - | o | tially" that: of-
v Limestone ¥ ‘stone with mlcrltlc.' 8 Etc.. Orlglnal
g 21 (Bst) 2 matrix rlch in | porosity daestroy-
g - =1 forams. ' 2 |ed by recrystal-
21 Swanswick 90 BlD-LlaSth . ﬂ : -llsatlon... ‘Well
Limestone llmestone Ain sparry_ ) -_developed second~
{Bs) | gatrix. ol “ary permeablllty
Troy 460 Well bedded to : '§ -.controlled by.
Claremont massive; recrystél? g fracture rather
Limestone lised limestones ~ | % | than solution.
(Etc) and Vdo'l(_)mit'eé,., g features.; ST
Yellow 300 - | Impure Jimestones - ' '-Dow_'- Qérihe'éﬁility
Limestone ' calcareous . mud- - | rocks which: act
Group stones .and - o} as the lower .
: 'sandstones._' *é"% :stratlgraphlc
NN . — - S 1imit to ground.
5 Undifferentiated 3,500 Mudstones, and— ’ %5‘ water movement in
g : stonies ‘- tuffs, : 188 the '_'-Limé'stor_-ie. .
o lavas ‘and volcanic | Aquifer. L
Y conglomerates ' ERE
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Table €4

) GROUNDWATFR LEVEL BELEVATIONS AT WELLS AND
" SPRINGS TN THE LIMESTONE AQUIFER LOWER MORASS
(JULY 18 to AUGUST 15, 1984)

Field '@éii_V; _ Elévationrf' Water . 'Lévél' Elevation ?ixi?um“
w. tosation . of patw JuLCTTUAug. T Bug. Mg gy
I : Aug.1l-15
A Aston #1 Well 15.086 1.%6 2.16 2.24 2.34 '+ 0.18
2 Fullerswood e R _ '
-]Corehole 1.e74 Overflowing Artesian
3  V1neyard We1ll 2.820  -0.30  -0.1 0.06 0.06  + 0.16
& Arllngton Well 4,217 - 0.02 -0.1 0.10 0;06 + 0,11
5 rFullerswood #2 Well 5.122 0.42 0.40 - 0.24 - 0.16
6 _"Fullerswood #1 Well 5.374 0.67 0.59 - 0.62  + 0.03
7 Park. 4 Well 3..605 0.83 .  0.80 - 0.93  + 0.13
8 park #2 Well 2.313 0.61 0.67 0.79 0.78  + 0.11
9 Mounta1n51de Well - 4.157 0.77 . 0.77 - 0.79 + - 0.02
10 .Isllngton Well 10.071 - - 0.86 0.87 +  0.01
11 Hope River Well - :3.446- 0.8 0.95 0.93 0.97 + 0.04
12  Lac0V;a Qg;ehole.‘ 36.139  1.51  1.53 - 1.61  + 0.08
13 =Siipéi#2fwé1; ' 5,180 0.88 1.05 1.07 1.18 . + 0.13
14 Frenchman #1 Well — 3.090 0.89 1.92 - 2.44 © + 0.51
15 Frenchman #2 Well 3.860 0.16  0.59 - 0.88  + 0.29
16  fMiéé1é7Qﬁartérs-#l S
Sprlng 3.460 - 2.33 - 2.45 + 0.1z
17 Mlddle Quarters #? ; _
: Sprlng 2.716 - 1.92 - 2.01 + 0.09
18 ;'Mlddle Quarters #3 7 . _
[Sprlng 3.264 - 1.78 1.81 1.81 + 0:03
i9 -1 Luana Well, _ Sfl7i' = - - - -
20 Vlneyard Corehole :14020 0.01 - - 0.28 -
21 .':Burnt Savanna Well,i:f - = - - = -
22 Middle Quar*ers Well 5.250 o - 214 - 2.23  + 0.09
23 5,050 © 10.78  0:94 = 1.09 + 0.15

: Sllpe;#l Well o

';*'EDQpimal.point_estimatéd
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Table C-7  SELECT DATA QN DERP WELLS.IN THE BLACK RIVER
o LOWER MORASS IR _ R

“purnt e -Hdliéﬁdf_':f ’-i Liana
) Savanna Well Well .~~~ . . Well =

1. Grid Reference ‘ Ef2585'N:4376'?iﬁ-2527 ﬁ:4293

2. Owner ‘parish Council Holland Estate ‘National Water
' VVCommi$sidn
3. hquifer : ~ Limestone ' " Limestone "7 ; Limestone.
4, wWell Diameter {cm) _ 25 : ' - 33 S i., 30
5. Well Depth (m) 3000 e T
6.  Static Water Level
. * Kk
(Elgvation in metres) - 1.0 2.5 " 2.7
. * . . : raey
7. Pumping Water Level 0.7 ' - : ~4.8
(Elevation in metres) '
8. Discharge (1/s) 17.0 B L
. . . : E
*
9, Maximum Recorded . 15 17. 43
Chloride Content (mg/l)-

*  August, 1982
% pugust, 1984

C - 32



I1.

IT1.

| 1. digging wells and

‘Table C-8 PROPOSED INVESTIGATION OF POST PROJECT

GROUND WATER INFILOW -

. Wells and Facilities for Investigation:
_ N e e L F ) Installed
: Wells S . Mos, © Dimension  Pacilities
faa_W@lJS for 2 #250 mm,. 2 automatic water gauge
- Pumping up L :
 b,'Wef1s'for-7 3 ¢150 mm, 15 m automatic water gauge
" observation _ =
c. Wells for . 10 #50 mm, 15 m
. observation :
Investigations:

.. Investigation Nos. of Points -and Times
é}'Pﬁﬁpinéiuﬁ-EQSt ‘2 points continuously
'b.‘WaEerfédality-téét 2 points continucusly
'c;_Overall observatlon 30 points, 6 times

- (Water level, Temperature, (including other wells
pH Electrlc conductlv1ty, etc,) installed)
d}?Water level ' 5 points continuously
_e; Data collectlng bes1de the. Continuously
-anGStlgathhS
'f{_Data processing and computer nodel
~ simulation :
Schedule
Investigation 2nd Year 3rd Year

installing facilities
S S
. N

e]

ey

&5

C ~ 33
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ANNEX D

'SOILS AND LAND CAPABILITY CLASSIFICATION

1. soms
1.1"§g§§9au¢£icﬁ”z..~

SQll survey and land’ claselflcatlon was 1ntloduced into Jamaica
wrth the Publlcatlon Of ‘a Technical Guide Sheet for: the main sor] types
in yhe rslend:lu_lQSS. The_3011 survey was followed. in the late 50's by
Ca Nétlehalzseil'éurueyICOndUCEed by the Soil Survey and Research Section
of the Reglonal Research Center, Imperial College of Troplcal Agrlculture,
Trlnldad W I. 5011 Survey 1n the parlsh of ‘st. Fllzabeth were carrled
'rout durlng the perlod from 1958 to’ 1961 by tne_Reglonal Research Center
and’ updated 1n 1082 by the Comprehensive Resource Inuehfery and Evaluation
'System (herelnafter called "CRIES“)'Project 50il cla551flcatlon in the
_ PrOJect was made” 1n accordanCC W1th the Soil Taxcromy Wthh was defined
by.u01l Survey Staffsof-USDA and 5011 types in Jamaica were recognized
tolﬁe approximately 350 s§i1 series in the Project.

fThe‘prensiveisuemp br_morasefarea_uhich-eccupies about one
thlrd of the parlsh ‘of .St. Elizaheth_was surveyed by the Government of
the Netherland in” v1ew_of”re61ametioﬁ in 1964. On the dther hahd; in
order to determlne the_extent of peat reserves in the Lower Morass of
the Black Rlver Ba51n,;the peat survey was carrled out by the Petroleum
Corporatlon of Jamalca durlng the perlod from 1979 to 1981. Reconnais-
.sance 8011 survey by Jaoan Internatlonal Cooperatlon Agency (herelnafter
i called “JICA") Team was carrled out in the Lower Morass and its
1mmedlate upland dletrlcts durlng February to March 1984. Furthermore,
Semldetalled soil survey was continuously carried out during June to

October, 1984-."

As ‘mentioned. above, various peaL surveys in the lower Morass were
carrled out; ‘hovever, 1t 15 con51dered that peat survey from a view point

‘of the;5011_formatlon;15,not encugh, especrally on- the peat deeomposrtlon.

l 2 General Condltlons of 80115 and Land

~The progect area covers approxlmately about ll 450 ha of upland
'and 1nundated areas- 1nclud1ng marsh phy51ographlc condltlons The in-

undated area of the project could be physlographlcally classified



into two (2) main b351nq, South Easteln dnd North Western, whlch are'

separated by a low ridge of upiand wah llmestone ouLcrops.. Wlthln the-

North Western basin are a ‘number of smaller ba51ns separated by a- few
low ridges. :

Ceomorphologlcal gharacterlstlcs in the study ‘area. are as shown in
Fig. D-1. -The pro;ect area lS a bagin: whlch is surrounded: by the Santa
Cruz and Lacov1a MOuntalns.- Elements of ge0morphologlcal features in

the upland area can be as follows~

1. sloping plaln whlch exposed llmestone outcrops in the-:p“
Mounta1n51de dlStILCt wh1ch 1s used malnly for pasture and

re31dent1a1 Sectlon

2. Undulatlng plaln Wlth exoosed llmebtone bedrocks in Vlneyard

dlStIlCt whlch is used malnly as’ pasture f

3. Undulatlnq plaln with low llmestone hll]s ln Cataboo

_dlStrlCt which is used mainly as pasture land

4. Undulating_alluvial plain with_low_limestone hills in Slipe-
district which is used mainly as=pésture land-an& réSidential

section

- 5, Undulatlng deep alluv1al plaln in Holland dlstrlct whlch 15
_malnly used for grow1ng of suqar cane, : h
6. Undulating alluvial pl{:lin in Luana diStrict which is used
mainly as pasture lahd; .

7. Rolling alluv1al plain in Hatfleld whlch is used malnly as -

pasture land and natural forest.

The basin of Lhe Lower Morass is characterlstlcally of d Newport
Limestone base with various depths of clay overlaln by varjlng thlckness
of peat formation. Fig. D-1 also 1ndlcates a negatlve relatlonshlp
petween the clay and peat deposits, that 15, the thlcker the peat the
tnlnner the level of clay deposit and vice versa. The nutrltlonal

status of such mlneral dep051ts 15 reduced by constant uptake by ‘the

morass vegetations.’



_ Peat thlckness along the Black Rlver 15 deeper. than that
. of the Broad Rlver and surfaces of the exposed limestone of the
'ba31n shows very 1rregular roughness whlle ‘the depth of soil

.varles w1dely from place to plaoe.

Varlous 5011 formatlone are 1dent1f1ed on the limestone
ebedrocks of the Lower Morass baeln, Whlch comprlse alluv1a1_
jand llmestone mlneral SQllS, clayey peat and peat. The alluvial
sedlments are found Ln the North WEStern ba31n, Whlch had been
transported 1nto the prOJect area oartlcularly by the Black and
:Y S. Rlvers whlch flow from areas of Cretaceous voloanic rocks
in the upper parts ‘of the dlalnage ba51n. The alluv1al solls
-of varlous ages are found malnly along the Y S. River, Mineral
."sedlments transported by these rivers are also deposited further

down stream m1x1ng WLth peats°-'

The geology and llthology of the above montloned
formatlon could therefore be classlfled 1nto Lecent and old
a111v1al 50115. Peat formatlon in the lower ba51n had been
sLarted at the end of the glac1al epoch and 1t 1s conSLdered
'that peat thlckness is being 1ncreased according to helghtenlng

. of the Sea water level.-

1.3 Soil Survey Method

1. 3. 1 Upland area survei

THe'surveyare carried out. through é program of  field
0perat10n comprlslng exhaustlve examlnatlon of soils and thelr
env1ronment in the survey sites . dec1ded and based on the 1nter—-
'pretatlon of aerial photographs of 1/50, 000 scales, 1980 and
ztopoqraphlc map le 000 scales. Fleld survey method and
descrlptlve terms used have been those given in the USDA
So1l Survey Manual and 1n the P, A 0. Guadei;ne for the 5011

;Proflle Descrlptlon._:}p

801l,survey procedures are carried out in accordance with

'“.the_free.method;_in Which the soil surveyor uses his judgement



in Sltlng ‘goil observatlone in, relatlon Lo land form and other

environmental features., The sltes of soll survey:based on a

nomber of parallel’traverees"are 131§530Wﬁ’100;t: 00 meters

apart €o as to examine the ma;or landscape unlts dlfferentlated_,‘:;

by study of the aerlal PhOtOS and the topographlc maps ' Total'

number of auger borlng observatlons are one hundred and flh
{150}, correspondlng to one 51te in every tthty (30) hectares.'ﬁ37

'Typlcal soll proflles are descrlbed from open plts supplemented5'
by the spot 1dent1f1catlon from auger holes.- 8011 Samples for e

laboratory analysis are taken from typlcal proflle of. each 501lf:""

series. 8011 survey 901nts in the pro;ect area are shown 1n qu. D—z

The main soil unlt recognlaed in the fleld 1s Lhe 5011
serles._ For convenlence of use. of s01l Serles, names used have
been those: glven in the so called green book " (1963) andh
Jamalcan Resource Assessment, (1982) Where the land and 3011
pattern are so 1ntrlcate that the 5011 change at very close
intervals, such unit 1e mapped as a 5011 complex.f The o

boundaries of 1ndlv1dual 5011 serles are traneferred on the

topograpnlc map of 1/10 000 scale.

1.3.2 Inundated'area sur#ey

The peat 5011 survey in the 1nundated area 1s also
carried out on the survey llnes and spots as shown 1n Flg. D 2 .The
soils of the survey lines are examlned by peat’ auger borlng,- -
usually as 1nterval of 100 meters.- Important 1teme of peat '
survey are the degree of peat decom9051tlon by “the: Post Method
peat colour and peat COmp081tlonS. The degree of peat

decomposition’ are shown in Table D 1.

o The 5011 unit recognlzed in the 1nundated area are’rhﬂ:“.
Soll serles and 5011 phases.r For convenlence of uee, SOll eerles
names used are those glven 1n the "“so called green book":(1963)

But the s011 serles that have been newly ldentlfled are named
after: Lhe nelghbourlng two major rlvers 1n the progect area
The 1mportent sub~divisions of 1ndlv1dual 3011 serles that have been

.rec°9“123d here are necessary as 8011 Phase to show the dlfferences



among 30113 ln respect of the degree of peat decomp051tlon.
Boundarles between peat soll ¢ypes are mapped out. pr001gely on 5011
'serles, type and phase levele us;ng the arial photographs and

'vegetatlon map,,

From each borlng site wherever possrble, peat samples
_.are collected at dePth of O - 50 om and 50 - 100 om. Chemical

' analysxs of mlneral and peat 50115 are carrled out at the soil

E chemloal laboratory in Klngston. Thelr analytlcal 1tems are as
'fOlIQWSz: pH, B Cr sulphur, nltrogen, phosphate, potassium,
'foalciem,:magﬁeeium, :siiioa, CEC, ignition loss, pF - moisture

curVes_and'minor_élemehts.'

1.4 ‘Soil Classification

1.4.) Basic consideration-forrclassifioation-

" The 50113 are cla551f1ed in “terms of- the U.5.D.A. Soil
Taxonomy o In reference to ‘the Soil Taxonomy System, the _
follow1ng terms of 5011 features and propertles are taken 1nto

,aocount for the present soil. cla591f1catnon and mapplng in the

stady area. -

D) Parent materlal and/or 1lthologlcal materlals

From'the'lithological view p01nt,' he soils in the
project area derive from-tﬁe foiloWing three types of parent.
"materiais. '

-.,— leestone

These materlals are prlmarlly the diluvium orlglnated
from gnelssose 1n “the precambrlan. Because of steep topography
"1n some places, flner fractlons of these materlals have been
outwashed by heavy showers.. Thus, the present texture quallty
of these places is sandy in general various boulder cobbles,
coarse fragments or stony layers 1ntercalate Few posrtlons in

-rthe shallow proflle.

- old Alluviwm N
These are primarily the fine dep051tlons¢ The'

~specific partlcle size shows a rather Wlde range ‘from 15 to 50%



s

clay, 25 to 45% sxlt and 5 o GJ% sand Flnc to small gravel ané/_

or fragments are also found in certaln shallow layer but 1ess than

20% in common.

- Recent Alluv1um _ - e )

Generally, these materlals are deeply deposlted rn the ‘
flood plaln of the’ project area whlch had been transported by the
Black Rlver and ¥. S Rlver. These materlals have 35 to 40% clay,r
10 to 15% silt and 45 to 50% sandy partlcles.: Wlth small
exceptions, deep sandy sedlments are also found 1n the natural
levee.

2) thhologlcal sequence in the spec:.flc son.l depth
(150 cm) : B

All-'t’he-soils of the project. aréa-exceptiforthuee ‘in‘the
dlssected higher terrace and flat hills have deep 5011 plOflleS of
“more than 2 M. These profiles generally con31st of several L
strata characterlzed by dlfferent sedlmentatlons, of whlch sandy
and/or gravel stratlflcatlon 1n the proflle are the essentlal i
factor for deflnltlon as . the lower categorles of 5011 groups. S
Seasonal formatlon (perched water) or fluctuatlon of the' ) :
ground water table 1n the ‘shallow prof;rles are also mportant
factors for deflnlng the classes of the 5011 m01sture reglme 1n

the higher categories of soil cla551f1cat10n.

In the small exceptlon, outcrops and/or shallow proflle
llmlted by pedcock 1s the factor for cla551fy1ng in the '

_dlssected hllly area,

3 'SpeeificfSOil formation and-diagﬁeetic}prdfiieEfeature

Hydromorpnlc weatherlng, euch as leachzng process of

.1nherent bases, gleizatlon and mottllng caused by the seasonal

fluctuatlon of ground water and/or water 1ogglng in’ certaln:-'r.

. pericd is the essential feature of 50115 in the low lylng and

1nundated area.



“4Yw;Eevirenment.

lﬂfThe predOmlnant feature of the area’is a monsoon savannah |
cllmate dlrectly subject to the 5011 formatlon ‘in which soil moisture
reglme is spec1f1ed as Aquatlo in the lowlylng and 1nundated area and

as Ustlc 1n the elevated area.

J 0031 temperature reglme is grouped 1nto Iso thermlc in spec1f1c
-class for all over the 50115, accordlng to the seasonal variation of

alr.temperature,-relatlve humldlty, solar radlation, evaporatiOn, etc,
1.4.2  Soil classes

Based'on the unique soil properties and the soil profile '
features, ‘the soils in the prOJect area are provlslonally classified
1nto seven orders, eleven sub orders, twelve great groups and

~twelve sub groupe in the hlgher categorles of cla551f1catlon as shown

'_1n Table D 2 ' Dlstrlbutlon of twelve sub groups are as follows

Typlc Eutrorthox malnly developed on the 51de slopes of
llmeetone hlll and lower slopes of the alluv1al fan formation. Udic
Hapluetalfs are developed over a ‘hard white limestone formatlon and

Voccurs malnly on foot slopes of hlll

o 'Lithlc Ustorthents are erodible soils in the dissected
11mestone nllls Ceﬁerelly,'theSe soils are shallowly bottomed by
the gnelssose basement and. have skeleted cond1t10ns. ‘These soils

are generally assoclated with Typlc Eutrorthox.

Typic, Quartzipsammentsrare the typical sandy alluvial soils
.developed narrowly along the river and swamp. These soils are

' generally assoc1ated with Typic Chromusterts

Typlc Chromuderts malnly developed over a flat llmestone
formatlon _ These soils’ ere generally a35001ated with Typic

Chromueterts.

Typlc Chromusterts are the alluv1a] Soils developed on both

elevated and lower part of the alluv1al fan formatlon.



Aqulc Hapludo]l are the predomlnant somls developed on*

the nalrow rlver tratls and e\tended over the alluvill:depresslon

in the- lowlylng alluv1al plaln These 501ls are.: assoc1ated w:th
~ Hydric Troposaprlsts_ln some places. '
| Aerlc Tropaquepts are the predomlnant 50113 deve]oped
on the lowlylng alluvlalrp]aln.e These SOLlS are generally in’
wet condltlon throughout most of the year.;- o L
Hemlc Troposaprlsts, Hydrlc TlOpOhEMlSts; Hydrlc :

Tropoflbrlsts and” Typlc Sulflhemlsts are the organlc (peat) :‘ _
soils developed under malsh phyoloqraphlc condltlon on. the o

alluvial swamp.

1.5 Soil -Series Description

1.5.1 General description

Thirteen'SOil-series are reeoghized ih'thefstudy-area}.
ten (10) in upland and three (3) in lnundated areas. The technlcal
descriptions of soil selles 1ndlcate the maJOr dlfferentlatlng
features of the soil, lte parent materlals, a detall deserlptlon

of a reprﬂsentatlve proflle, range of characterlstlcs, dlStrlbuthn

and extent

The desorlptlve terms used for the proflle desorlptlon
are those given in the pap Guldellne for 8011 Proflle -
DeScrlpthH- Colour notatlon is accordlng to the “Munsell
Soil Colour Charts”, Soil reactions (pH) are. recorded on the

soil’ suspension of 1:5.



1A53%; Descrlptaon of Jnd1v1dual 501l serles

1.5.2.1" Upland soils

Characterlqtlcs of soml proflles in upland area are shown in
Table Dw - Fig. D-3 and ‘Fig, D-4,

S Chudlelgh Serlea
_Chudlelgh serTes compxlscs well to somewhat excesalvely
dralned dark yellow1sh brown, moderately flne textured - {(fine

loady) s0ils developed over a hard whlte limestone. These soils -
ogoipy about 249 ha of the project area

Descrlptlon of Typlcal Proflle

Proflle No.  s P 8 .
Soil N@me' : Chudlelgh Clay Loam # 73
‘Location i _Exeter, about 500 meters west of the

 ma1q:FQad Erom P01nt near road
o .junctioﬁ 
Topography H f Gently convex slope {slope 3 - 5%}
Vegetation and ‘Land Use H Falxly dense cover of short
grasses and low shrubs

= Drain#gg‘ Do Well dralned '

Prdfiie'ﬁescfiption

Pepth in ém Descrlptlon :

0. - 30. Dark yelloW1sh brown {10 Y¥YR. 3/4) molst and
| . (10 YR-4/4)_dry, clay loam, weak fine sub-
angdlar.blccky, slightly sticky_slightly
plastic firm most'slightly_hérd dry, common
fine, terbular and few fine interstitial
;pores)fcommon_medium-and fine roots; few
- WOk castsf_few small hérd white limestone

'graveis, clear Smooth boundary, ‘PH 8.0.

30 - a0 Dark brown (7 5 ¥R, 3/4) m01st, clay loam,
o B moderate to weak medlum and fine angular
Vand:subangular blocky, sllqhtly stlcky,
ﬁ‘élightly pléstic'ffiéﬁle moist slightly

3hard'&ry;'féw'finejtubular pores, comuon



flne and few medlum roots, many'small hard_f{
rounded black 1ron and manganeSe nodules,
pH 8 0 . S .

Range in Characterlstlcs

. d. Proflle charaoterlqtlcs : 'Profile7 s'unlform in -

texture and has ‘an almost unlform brown colou throughou ;*‘

ocoa51onally yellowlsh brown subsorl Structur__' _Deek to

moderate throughout. Profile’ reacts to acrd throughout lts 7

depth.

b. Dnv1ronmental characterlstlcs ThlS 5011 1s _ _
developed malnly on llmestone hllls and occurs on slopes and S
summits of hills. in some places, thlS 5011 haﬂ bedrock ;
that limits.root.éenetratlon. The dominant slopes range from
2 to 50%. The erosion hazzard is moderate to high on thlS

s0il.

ii) Lueky Hill éeriee :

This serles comprlses moderately well ﬁo well dralned
soil developed over a hard whlte 11mestone. Thls 5011 occuples

about 91 ha. of the prOJect-area.

Description of Tfpical pr6f11é3

Profile No. : : 'P ? . _
" Soil Name : "Lucky Hlll olay loam # 74

Loeation_ : Tt Exeter, about 100 meters west of
_ main road " _ ,“ :
Topdgraﬁhy . B I Very gently convex slope
Vegetation and Land Use _ Falrly dense oover of short
'.' B grasses; and low shrubs
Dreihege ' : - Well drained ..

Profile’ Descrlptlon

'.Depth in: cm ' Desorlptlon

0 f.37;5/47.5 . Dark brown (7 5 YR 3/4) momst and brown
to,dark brown_(7,5_YR14/4) dry, clay '

D~ 10
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