Table D-1(1/2) SOIL LEGEND IN THE S;FUDY AREA

. P: PLAINS (elevation less than 60m: slopes gevierally less than 2%)
Soils formed on recent river alluvinm- -
PRb: Soils with weak profile differentiation and/or strdnﬁcanon

PR:

PO:;

POc:

PRBI1 -

PRb2
PRb3

PRb4

PRB4/sa’

L3

Caymanas clay loam-loam:; Well drained, deep, dark
yellow:sh brown and brown stratified moderately fine
textured soil, high in silt with a humac Suxface layer
calcareous (Typlc Haptlustolis) - :
Dawkins sandy loam: Well drained, dcep, yellowxsh brown
stratified medium textured soils high in silt with a humic
surface layer: calcareous (Typic Haplustolls)

Whim clay loam:Well drained, deep, brown and yellow]sh

* brown stratified moderately fine textured smis with a humic

surtace layer (Udic Haplustolls)

Ferry silty clay: Modezately well drained, deep, dark grayish
brown and dark brown stratified fine fextured soils high in
silt with strong brown mottles: strongly calcareous (Typic
Haplustolls) '

Ferry silty clay saline- sodic phase Similar to soils of unit
PRb4 but saline and sodic in surface layers (Typic |
Haplustolls)

Soils formed on old marine alluvium =
Soils with moderate profile differentiation

POel
PQOclfsa
POc2

POc2/sa

POC3

PQOc4

POcS

POctHfsa

POcH

POC7

3

]

Lodge clay: Moderately well drained, deep, rcddxsh brown
cracking clay soils (Typic Chromu*terts)
Lodge clay, satine - sodic phase: Similar to unit P()cl but
saline and sodic in the subsoil (Typic Chromusterts)
Churchpen clay: Imperfectly to moderately well drained,
deep, yellowish brown cracking clay soils wnh few motﬂes
in the subsoil. (Typic Chromusterts) = .
Churchpen clay, saline - sodic phase: Slmﬂar to unit POcZ
but saline or sodic in the subsoil, (Typic Chromusterts)
Bodles clay:Imperfectly drained, deep, yellowish red and
brown distinctly mottled crackmg clay soils; moderately

- saline and in places sodic in the subsoil. (Typic

Chromusterts)

Horse Cave clay: Imperfectly drained, deep, yellowish
brown cracking clay soils generally saline and sodic
throughout but in places with non- -saline topsoil. (Entic
Chromusterts)

Salt Island clay: Imperfectly dmmed decp, dark brown
cracking clay soils; strongly saline and sodic throughout. -
(Typic Chromusterts)

Sydenham clay: Imperfectly drained, deep, yellowish brown
and brown cracking clay soils thh a dark gray gritty surface
layer. (Typic Pellusterts)

Sydenham clay, saline-sodic phase: Salme phase sunllar to
unit POc6 but salaine and sodic in the subsoil. (Typlc
Pelusterts) :

Springfield clay: Poorly drained, deep, yellowzsh brown and
dark brown mottled cracking c]ay soils, lecally saline in the
subsoil, (Aquic Chromusterts)
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Table D-1 (2/2) SOIL LEGEND IN THE STUDY AREA

. POd:

~POA:

Soils with strong prohle differentiation
POdl - - Colbeck clay :Well drained, deep, mixed yeliow1sh red and
brown caly soils, non-calcareous ; gently undulating
: topography (2-5%) (Udertic Paleustalfs) '
Assoudnon of soils with different degrees of profile differentiation

POA - Colbeck - Bodles Association: Association of unit POd1 on

crests and upper slopes and unit PO¢3 on lower slopes and
depression in a gently undulating landscape (Udertic
Paleustalfsﬂ‘yplc Chromusterts)

S 2. H: HIHS and Hlll Remnants:
(Relief intensity 20-200 m; slopcs generdlly 16 30%)

Hi.:

Soils formed on limestone

HI.C: Complex of soils with different degrees of profile dlfferentidnon '
CHLCL O - Rockland-Fellshire complex: Complex of rock-out crops

and somiewhat excessively drained, shallow, reddish brown
stony loam and clay loam with limestone fragments (non-
soil/Lithic Ustropepts)

HLC2 - Union Hill,ustic variant-Hellshire complex:.Complex of
somewhat excessively drained, moderately shallow, strong
brown gravelly clay and loam and shallow, reddish brown

_stony loam and clay loam with limestone fragaments (Lithic
Ustropepts)

3. 'T: Tidal Flats and Swamps (regularly flood; slopes less than 1%)

T™:

Soils formed on recent marine alluvmm

TMX: Undifferentiated soils with very weak or weak profile dlfferennancn

TMX1 - "Salina” undifferntiated: Poorly drained, deep, strongly

saline and sodic soils with varying colours and textures;
strong ca‘icareous.(Typic'Halaqucpts)

- TMX2 - "Mangrove” undifferentiated: Very poorly drained, deep,

saline greenish gray clay soils with common mottles in
places with partly decomposed organic material
(Hyquuents/ﬂuv'aquents)

4, M: Miscellaneous area

MB:

MG:
Mi.
MP;
M

MW:

‘Beach: Sandy and gravelly shores washed by waves

Gullied Land: Land cut by recent gullies

‘Man-made Land: Areas artificially filled with earth and levelled

Pits, sandy: Open excavations from which sand is being mined
Urban Land: Urban areas
Wet Land: Permanently wet areas

- Source: Report of RPPU, Jamaica (19'86)'
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Table D-3 SOIL MAFPPING UNITSANIj LAND CAPABILITY IN THE STUDY AREA

Map - R : Soil Sub-group Area Capability Class
_Symbol Soil Name (USDA) (ha) Upland Crop  Rice
1, Soils formed on recent river alluvium :
PRb1 Caymanas ciay loam-toam Typic Haplusiolls 2,660 i Vi
-PRbZ - Dawkins sandy loam-loam Typic Haplusiolls 1,350 I Vi
PRb3 ~ “Whim clay loam Udic Haplustolis 1,060 I Vi
PR Ferrysilty clay Typic Haplustolls 810 Tw il
PRO4/s2 Ferry silty clay, o .
‘saline-sodic phase Typic Haplustolls 150 Tilsa A% |
2. SOIES formad on old'marine alluvium ' .
_ POcl Loedge clay Typic Chromusteris 1,540 Iipw Hp
PCclfsa Lodgecly, L R '
- ' saline-sodic phase Typic Chromusterts 220 lisa lps
- POc2 - - Churchpenclay Typic Chromusieris 5,430 Hpw IIp
POc2fsa. . Churchpen clay, L
.~ saline-sodic phase Typic Chromusterts 100 Nisa 1Mps
POc3 . Bodlesclay. : Typic Chromusteris 490 Mwp Iip
POc4 -~ Horse Cave clay . Entic Chromustests 790 1Vsa 1lps
POc5 - Sali Island clay - Typic Chromusierts 2,160 Vsa Vsa
POc6  Sydenham clay Typic Pellusterts 1,880 Iipw Tip
PCchfsa Sydenham clay, : o
' salin-sodic phase Typic Pellusterts 650 Iflsa Tiips
.POc7  Springfield clay - Aquic Chromusteris 1.470 illwp Hp
POl Colbeck Clay ‘Udertic Paleustalfs 50 Iipe Vp
POA Colbeck-Bodles complex. Udertic Paleustalfs/
R : ' Typic Chromusteris 230 IIpw Vp
3. Soils formed on limestong _ '
"HLC1 - Rockland-Helishire - Non soilf
. ~ complex Lithic Ustropepts 60 VI VI
HLC2  Union Hill, ustic variant- S
*) . Fellowship complex - Lithic Usiropepts 40 Vde Vi
4, Soils forned on recent marine alluvium
IMX1  "Saline” undifferentiated Typic Halaquepts 620 \%! Vi
- TMX2  “"Mangrove” undifferenciated Hydraquents/Fluvaquents 910 A% Vi
5. Miscellancous areas .
MU Urban land 4,240
MW Wet land 190
1b, MG MLM Other 1and 340
6, Tota! ' 27.440

'Source Soﬂ Snrvcy Unit, Rural Physxcal Rlanning Dmsnon MQA '
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TABLE D-8 INTAKE OF MAJOR SOIL SERIES UNDER VARIOUS LAND USE

Site . Soil Series Land D=CxThn

D-43

( L= CxnTAn-1) iB Measured  Infiltra-
No. {Map symbols) Use () {imm/min} (mm/Mhe)  Soil Laver tion
2 Caymanusclay Omamental D1=32T0.656 [1=21T-0.344 202.00 Swrface very
loam (PRb1) trees D2x15T0.776 12=11.6T-0.224 233.00 Surface ripid
: D3=18,5T0.744 13=13.8T-0.256 "227.00 Surface
: L o o : _ Averpge  221.00 (Surface)
1 Dawkinsclay Vegetable D1=9.4T0,292 " T12.56T-0.728 1.80 Surface rapid
~ loam (PRb2) D2=14.4T0.368 12=5.30T-0.632 7.50 Surface
: D3=20.0T0.472 [3=9.44T-0.528 2,271.00 Surface
_ - - ER - Average 12.00 {Surface)
3 Whimclay = Vegolable D1=8.9T040 11=3.56T-0.60 6.20 Surface mioderate
ioam (PRb3) D2=:12T0.40 - 12=4.80T-0.60 840 Surface
. D3x7.9T0.32 13=2.53T-0.68 2.60 Surface
_ R Average 5.70 (Surface)
7 Lodge clay Mango DI1=3.6T0.36 11=1.3T-0.64 1.70 Surface moderate
(POc1) ' D2=:2.6T0.496 12=1.3T-0.504 4.40 Surface
. D3=1.1T0.656 13=0.72T-0.344 7.00 Surface
_ IS © Aveage  4.40 (Surface)
4 Churchpen  Sugarcane D1=26.5T0.704 I1=1.87T-0.296 24.00 Surface rapid
clay (POc2) D2=12T0.60 2=7.2T-0.4 48.00 Surface
. : D3=2.1T0.40 . 13=0.84T-0.6 1.50 subsurface slow
: . : Average  38.00 (Surface)
6  Bodlesclay  Improved DI1=8.2T0.528 11=4.33T-0.472 18.00 Surface rapid
. (POc3) pasture  D2=12T70.520 12=6.24T-0.48 25.00 Surface
D3==3.7T0.36 13=1.331-0.64 1.80 subsurface slow
SR ' S Average  21.00 {Surface)
3 Salt Island- = Ricepaddy D1=1.0T0.152 11=0.1527-0.848 (.03 Swface  very slow
clay (POcS) D2=2.47T0.192 12=0.46T-0.803 0.18 Surface
' D3=3.07T0.312 13=0.94T-0.688 0.90 Surface
_ . _ Average .40 (Surface)
8  -Sydenham Sugarcane D1=1.05T0.416 11=0.44T-0.584 0.86 Surface  very slow
clay (POcB) D2=2.1T0.216 12=0.50T-0.784 0.24 Surface
D3=2.1T0.256 13=0.54T-0.744 0.40 Swiface
' Average 0.40 {Surface)
Table D-9 AREAS OF EACH LAND CAPABILITY CLASS IN THE STUDY AREA
" For Upland Crops For Rice
Classes ' Extent (ha) Classes Extent (ha)
1. Arable Land ' ' 1. Arable Land
i ' 5,070 Ip ' 10,810
TIw ' ' 810 Hit 810
Ipw N 9,080 Mips- 1,760
. Tpe ' 50 1391 150
. Hwp : : 1,960 Sub-total 13,530
. Msa' - _ : 1,120 2, Limited Arable Land
IV¥sa . h : 790 Vi 5,070
Sub-total S 18,880 Vsa 2,160
2. Limited Arable Land - _ _ Vp. 280
Vsa ' 2,160 Sub-total . 7,510
Yde _ _ " 40 3. Non-arable Land
: Sub-toral . 2,200 Vi 6,400
3. Non-arsble Land 3 : o
Vi 6,360
4, Total : o : 27,440 . 4, Total 27,440
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1. GENERAL

In the soil mechanical survc_:y of the pfoje&:t area, four physiographic units were observed
in' the Rio Cobre Basin: Ceniral inlier, Limestone uplands, Inland basins and coastal

(1)

@

3

(4)

Cplains; o

The Central inlier covers the uplands underlain by shales, conglomerates and
volcanics along the north-east section of the basin and the strongly undulated rocks
in this area. The north-west ridges of the area are underlain by and esitic volcanics
of Cretaceous age which during inundation periods have been supplying the Bowers
Gully with raw materials forming aggregates.

The Limestone uplands is the largest single physiographic unit in the basin enfolding
interior basins and extending from the central plateau to north of the coastal plains of

* the basin,

The Inland basins comprise two niajor interior basins, St. Thomas and Lluidas Vale

- which are surrounded by limestone hills of 150 to 600 m in height above the basins.

The coastal plains in which most of the stady area is located, vary from sea level to

* some 40 m in ¢levation at the northern parts. The arca comprise two distinct Zones.

(a) The old alluvial area, found mostly in the western parts of the plains from
Spanish Town to Old Harbour area, has been deposited on a base of karstified
limestone stratum, Therefore, there are considerable variations in thickness from
a few to several hundred feet. In profile it consists of coarse and fine sand, silt,
clay, and these mixed texture.

(b) The recent alluvial area, found in the eastern parts of the plains, includes soils
developed over the recent gravelly alluvium. Due to intermittent sedimentation
from the Rio Cobre, surface soils in this area are of loamy to sandy texture and

- excessively well drained.
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2. PROGRAMME OF WORKS

Investigation of materials and foundatioas for the construction of structures of the project
such as earth, concrete, reservoir dikes, otc., were conducted. in the fieid and at
laboratories in Kingston from August to October in 1986. At the stage of reconnaissatice
survey, proposed quarry siies, borrow areas and reservoirs, where possible within the
study area, were given priority for evaluation, Fig, E-1 and E-2 show the location of the -
proposed sites and of the field investigations. - '

(1) Foundation of reservoirs

Two proposed reservoirs were selected for examination of foundations and soil materials,
These were Town Gully Reservoir in Bernard Lodge Estate and Black river Rcservon' in
Innswood Estate. The investigation was carried out in the following ways.

(a) Town gully reservoir

- Five (§) Bore holes of 15 m depth with standard penerranon tests every
tSm

- Five (5) Test pits of 2 m depth for samphng

- Insitu permeability tests at two (2) pits selected from the above five

{b) Black river reservoir
- Three (3) Bore holes of 10 m depth with standcu'd penetranon tests every
15 m

- Five (5) Test pitsof Z 1n dcpth for sampling
- Insitu permeability test at two (2) pits selected from the above five

(2) Aggregates

Four locations were selected as proposed quarry sites, one inside and the others outside
of the study area. These are:

(a) Planiain river at Colbeck in St. Dorothy
(b) Rio Minho river at May Pen

(c) Hope river at Kingston

(@) Rio Cobre river near Spanish Town

The items subjected to laboratory tests were: (i) Gradation, (ii) Specific Grévity, (i)
Durability, (iv) Abrasion, (v) Dry rodded density, and (vi) Shore hardness to limestone.,

(3) Soil material

Soil materials for embankments of canals and reservoirs investigated were as follows:



(a) _{_-_ocation_qf borrow pits

- Angels Pen

- Bellevue Heights
- Thetford Hill

~ White Marl
- Rhodens Pen -
- Mount Gotham-

- Town Gully Reservoir

- Black river Reservoir

_ (b) Items of 'laborat‘o_rly test. .

Specific gravity
Field moisture
Unit density

Grain size analysis
Consistency
Permeability
Compaction

- Compression

- Consolidation

| 2 R T R D |
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3. INVESTIGATIONS AND LABORATORY TESTS

3.1 Foundation of Reservoirs -

3.1.1 Town gully reservoir

(1) Location and dimension of reservoir

The proposed reservoir is located adjacent to Spanish Town betweeﬁ the Town'Guily

and the Port Henderson branch and to be constructed as a type of square pond encxrcled
by a levee or dike on a flat plain with the following dimensions:

Dam height . 100to42m
Reservoirarea @ 200 ha (2.0 km?)
Storage capacity : 9.6 (million m3)

The area belongs to the Rio Cobre alluvial fan sloping rather steeply at more or less
1/500. The depth of the alluvium varies from a few to several'hundred feet in depth and
consists of layers of gravels, coarse to fine sand, silt and clay or a mixture of these
materials in a sort of unity or interbeded caused by the position and flow conditions of
previous stream channels. There are two (2) distinct subsoil strata in the Rio Cobre
allavium the old alluvium and the recent alluvium, of which the former has rather
impervious subsoils and the latter previous. The boundary of these subsoil strata is
considered to be located along the Port Henderson branch with the recent alluvivum to
eastward and the old alluvium to westwards. The reservoir is sited on the old aliuvmm
side in order to avoid excessive seepage losses through the bed of the reservoir. '

{(2) Results of investigations and laboratory tests

Five (5) bore holes were drilled in the reservoir area. Four (4) holes at the corners and
one (1) hole at the centre each 15 m deep with Standard Penetration Tests at 1.5 m
intervals, The bore hole logs show that the substrata of the reservoir consist of layers
from medium to fine sand, silt and clay or a mixture of ununiformed thickness, On the
whole, clay layers dominate the subsoils occupying about 70%, the remaining 30% being
sandy soil. There is a tendency towards increasing sandy layers in the subsoils as they
gets close to the border with the recent alluvium for bore hole Bl log and test pit Pl
profile show 50% content of each layer. (see Fig. E-3 to E-5) About the density of the
subsoils though the specific gravities of the soils range from 2.38 to 2.62 which are
slightly below normal, the dry densities range from 1,331 to 1,879 gfcc averaging
1,570 g/ce which is a comparatively high density. (see Table E-1) Concerning the
bearing strength of the subsoils, the N values of Standard Penetration Tests range from
13 to 27 in sandy soils and from 13 to 22 in clayey soils which, as represented by
Dr. Terzaghi, shows that the sandy soils are medium dense having 35¢ to 40¢ of internal
friction angle and the clayey soils are stiff having about 26 ton/m? of allowable bearing
capacity. (see Table E-3 and E-4) The increased stress in the substrata caused by the new
embankment of the 10 m high dam will be approximately g = 17 ton/m? at 5 m depth,. -



q =15 tfon/'m2 at 10 m depth, q = 10 mn/ni2 at 30 m depth so that there will be no
problem wzth the bearing capacity of the substrata of the reservoir,

C‘oncermng the permeability of the substratum, insitu permeability tests were apphed at
test pit-P1 at 1.0 m-depth, and P5 at 2.0 m depth with a hole of 0.6 m: diameter, 0.6 m
depth. The measured permeability coefficients were k = 5.0 X 10-2 cm/sec at P1 and
neghglblv small at P5. Laboratory permeability tests with undisturbed samples taken at
2.0 m depth were applied tothe test pits P1, P3 and P4. The measured permeability
coefficient k values were k = 2 x 10-5 cmy/fsec, 4 x 109 cmfsec, 1 x 104 cm/fsec
~ respectively. - :

Another simple method of permeability test by low constant head with undisturbed
bamples of 5 cm diameter X5 cm length taken from every test pits at the depth of 0.5,
1.0 and 2.0 m was camed out at the laboratory of MOA. The result shows that the
permcablhty coefficient were k = 10.69 m/day (1.2 x 10-2 coy/sec) at (test pit P1) 0.5 m
depth, k = 8.31 m/day (9.6 x 103 cm/sec) at test pit P1 of 1.0 m depth and ai the other
pits were very or rather negligible. (see Table E-6) According to the degree of
permeability of soil suggesied by Creager relating to D20 (20% size passing) in the
subsoils of the reservoir were k = 3 X 103 cm/sec order of the sandy soils and k = 3
x 10-6 cm/sec of the clayey soils. (see Table E-5) Judging from above tests and
analyses, the reservoir foundation is covered with enough thick and impervious clayey
layers. Generally, however, it would be desirable to site the reservoir as far as possible
frcm eastern edge of the area closc to the well drained recent allavium.

3.1.2' Black ‘river reservoir
(1) Location and dimensions of the reservoir

The reservoir is proposed in the upper part of the Black river where it flows from north
to south in the farm land of the Innswood Estate. Its dimensions are as follows:

Dam height : 8.8t048m-
~ Reservoir - :  80ha(0.8km?)
- Storage capacity 3.8 million m?

The riveris a small stream, 8 km long, collecting drainage mainly from inside the farm
area. 'I-‘he reservoir would be sited were upstream with its catchment in the old aluminum.

(2) Results of ﬁeld mvestlganons and Iaboratory test

Three (3) bore holcs and five (5) test plts were executed in and out of the reservoir in the
same manner: applied at the Town Gully reservoir as shown in Fig. E-1 to E-2.
Accordmg to bore hole logs and soil profiles of the test pits, the subsoils of the reservoir
-area consist mainly-of clayey layers with some sandy layers. There is however a
tendency of increasing sandy layers towards the south-east of the area. (see Fig, E-3)
The bore holes of B6, B7 and the test pits of P6, P7, P8, P10 have subsoils of clayey
materials but B8 and P9 which were located in the south-east part of the area have rather
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sandy soils. According to the results of laboratory tests, the specific gravmcs range
between 2,30 to 2.62 averaging 2.50 and a dry density range from 1.471 to 1.890 g/cc
averagmg 1.665 g/cc: (see Table E-2)

The N values of Standard Pcnctratmn Teste were 8 to 15 with sandy sml‘; and 13 to 15

with clayey soils which as represented by Dr. Terzaghi's method, shows that the sandy

soils are medium dense having about 350 of internal friction angle and the clayey smls :
are $tiff and have qu = 2.0 kg/em? of unconfined compressing strength and qa.=

26 ton/m? of allowable bearing strength, (see Table E-3 to E-4) The increased stress in

the substrata from the new built 9 m high dam will be less than 17 ton/m? so that there

will be no problem with the bearing capacity of the foundation,

Concernin g the permeability of substrat'a, several kinds of permeability test were _aﬁplied
such as insitu permcability test, laboratory test with undisturbed sample, etc.
Permeability coefficients by the insitu permeability test were k = 5.5 X 103 cm/sec at test

pit P9 and negligibly small at P8. The values by the laboratory test with undisturbed E

samples from test pits P6, P8, P9 at 2.0 m depth were k = 2 x 108 cm/sec at PG,
k=6x 109 co/fsec at P8, k = 1 x 10-% cm/sec at P9. (see Table E-2)

Another simple peﬁneability tests applied to all test pits were conducted at the léborétox:y
of MOA. This shows that k values of P8 at 1.0 m depth and P9 at 2.0 m depth were
2 x 10-8 cm/sec for both and negligibly small at other test pits. (see Table E--6)

Judging from the results above, there will be no i}articulaf problems of seepage in the
foundation of the reservoir. But attention should be paid to the south-east corner of the
reservoir where there is the possibility of sandy layers in the substrata. (see bore hole
log BB)

3.1.3 Conclusion
(1) Town Gully reservoir

There are two most important aspects to be considered in the design of the dam
foundations at this site, These are the permeability and the bearing capacity of the
foundation. From these point of view the reservoir would be constructed on the Rio
Cobre old alluvium which will have 1,570 g/cc of dry dense, 35° to 40° of internal
friction angle and 26 ton/m? of allowable bearing capacity which will be ample to support
a 10 m high dam. _

Concerning water-tightness, clayey soils occtpy about 70% of the substrata and occur
widely in the upper part of the subsoil over the reservoir area with impervious k values of
the order of 105 to 108 cm/sec. There should therefore be no particular problems with
the reservoir foundation, however the following precautions should be taken into
consideration when designing the dam: (a) the reservoir should be constructed as far
distance as possible from the recent alluvium, (b) the clay soils upstream of dam toe

should be confirmed for at least 150 m as a natural blanket, if not, an additional artificial



blanket. woulci be necessary, (¢) dam cmbankment materials should be collected from the
area more than 150 m from the dam toe.

(2) Black'r_l_ver reservoir

Conditions are similar to those of the Town Gully reservoir described above in respect of
the bearing capacity of the foundation. Concerning the permeability of the foundation, the
subsoils of the reservoir, as a whole, are finer than those of the Town Gully reservoir so
that there shonld be 1o ‘question of the leakage through the foundations. Even so,
attention should be paid fo the southeast corner of the reservoir to confirm the possible
existence of sandy soil in the subsoil which might have close connection with the sand
which appears in B8 bore hole logs.

3.2 Aggregates

The putpese uf aggregate mvestlgauonq was to find raw materials in and around the
study area.

Three major rivers which have been transporting river sediments into the study area from
the outside are the Rio Cobre, the Coleburns Gully and the Plantain River of Bowers
Gully. River sediments of the Rio Cobre and Coleburns Gully have few volcanic gravels
because most parts of the upstream catchments are covered by limestone strata, but the
’Piantain river has a considerable quantity of volcanic sediments at Colbeck area.

I‘he locatmns of the’ aggregate mvesugallon were as follows:

(I) Plantam river at Colbeck St.. Dorothy : Gravel and sand
(2) Rio Minho river at May pen : Gravel and sand
(3) Hope river at King stem : Gravel and sand
(4) Rio Cobre river near Spanish Town : Sand

3.2.1 Plantain river

This river upstream of Bowers Gully, located 4 km north of Old Harbour town, is
considered to be an intermittent river, At Colbeck, it meanders over a width of from 5 to
20 -m, There are volcanic sediments in the river bed over about 3 km. Being an
intermitent river, the supply of sediment from upstream occur only during flood periods.
There has therefore been no collection of raw materials from this river.

Samplings were conducted at {two points, upstream and in the middle as regards river
. deposits and limestone boulders for laboratory testing. Resulis of the investigations and
laboratory test are g1ven beiow

'(a) Quanmy of raw matcrials

Wﬁilc the extent of the river sediments is 3 km, the actual exient available of raw
materials is about 2.5 km and the depth of sediments to be collected should be



about 0.5 m on average from the point of view of river comcrvation, Thus the
available quantity of raw materials will be about 7,500 m3, .

(b} Gradation

The materials of the river bed consist of various sizes of grdml}ar materlals from'_

~ one foot boulders to fine sand, and the aver age boulder content, over 40 mm in. .
size, was 50% in terms of weight. About grain-size distribution, the Fineness,
Modulus of the coarse aggregate under 40 mm was 7.0 and of the fine aggregate
3.0. Both figures are within ASTM limitations. (Amcncm Socmty of Testmg_
Materials) (see Fig. E-7 and Table E-8)

(c) Specific gravity

Specific gravities of gravels, sand and limestone boulder range from 2.55 to 2.65
which are within the normal for aggregate materials. (see Table E-7)

(d) Durability test (soundness in sodlum snlphate)

The weight losses recorded in the test were 12 to 20% for thc gravel, 20 to 30

for the sand and 1 o 2% for the limestone boulders. ASTM limitations for 103%5
ate 10% for sand and 18% for gravel (see Table E-7), but there is an exception to
these limitations. If there is evidence of concrete made from similar aggregates to
the samples having been placed under similar climatic conditions and if the
concrete has been standing for a long time under weathering condition similar to
those of the study area, the aggregate can be used. The Rio Cobre dam of
headworks has been stable for more than 100 years with concrete made from
similar aggregate. '

() Abrasion test

The weight losses by Los Angeles Abrasion test were measured to be 16 to 23%
which is within 50%, the limitation of ASTM. (see Table E-7)

() River deposits
The samples of river deposits collected from an mi;crép {Colbeck Gully) on of .
the river bank contain excessive fine materials (clay and silt) 26 to 40% by weight
and are not usable for concrete. (see Table E-7)
3.2.2 Rio Minho river
The Rio Minho river is the largest in the country and the easterii part of its drainage is
adjacent to the western border of the Rio Cobre Basin. Its upstream catchments are

covered with metamorphic and volcanic strata of cretaceous age and, therefore, have the
same sequence of geological structure as the upstream of Plantam nver o
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_An enterprise, Sha#{'sAggﬁagata Ltd., has been operating an aggregate business beside
- this river at May Pen, 35 km from Spanish Town. Sample materials of two graded
: graveic: and a sand were (,oilectcd from the stockyard of the company.

Accordmg to the 1csults of 1aboratory test, the qualities of aggregate are snmlar to those
of the Plantain river with 2.60 to 2.62 Spec:ﬁc gravity, 4 to 19% Durability, and 20 to
28% Abrasion “(sec Table E~7) '

3.2.3 Hope rnvel

The Hop., nver flows into Hunt $ Bay east of ngston The upstream area of the river is
covered with igneous and metamorphic rocks with steep slopes that would supply a jarge
quanuncs of raw materials to the downstrearn.

Two enterpnsssrhave been opcranng aggrcgate businesses with materials from the Hope
river for all sorts of concrete in and out of the Xingstone area. Samples of raw material
from the river were collected at the quarry site of Jamaica Premix Litd.

From the .res,uits of laboratory test, the records of the test were 2.56 to 2.59 Specific
gravity, 20% Durability, and 28% Abrasion, which are considered similar to those of
Plantain river and Hope river: (see Table E-7)

3.2.4 Rio Cobre river

There are no gravels available along the Rio Cobre river other than sands of limestone

origin, A few companies are collecting sand aiong this river after floods. Apart from the
sand in the river bed, there are sandy deposits in the recent alluvinm along the river, but

this sand has not been used in important structures. The sample of sand was collected in
the river near Spamsh Town

Based or the results of laboratory test, the records of the test are 2.52 Specific gravity,
3.4% Absorpnon 20% Durabﬂxty, and 1.94 for E.M.

'ihc quahnes are, therefare, not largely d1fferem from the sands of three above rivers
“except for the Fineness Modulus of 1.94 which is extremely low and consisted of very
fine saud, compared to the standard value of F.M (=2.70). (see Fig. E-6 and E-7)

3;2.5 .-'.‘"Conc_!usion S

As a whole, aggregates from four above locations are considered usable for concrete
works of the project under strict quality control. A concrete mixing test would be
necessary prior to concrete works in the field, especially for concrete-works requiring
high strength,



(1) Plantam river

Materials from the river bed are considered usable for concrste—werks of the preject but.
from the view point of river conservation the volume of raw materlals to be collec'ted will-
be limited to about 7, 50{) m3 :

Fhe river deposits outcropping in the river, are not adequate for concrete works because
of their substantially silty and claycy charactensncs : :

A crushing plant, therefore, will be conmdered necesaary for pmcessmg the bou}ders in
the river. - _ .

(2) Rio Minho and Hope river

Production of aggregates is taking place at both locations. The quality and quantity of
aggregates are considered sufficient and adequate for the pro;ect 50 that they could be-
used with technical specifications for the purpose. _

(3) Rio Cobre river

It would be necessary to control thc grading of sand. from this river bed, and raw
materials from this river deposit will not be used for concrete- wo:ks of the prc)jcct
because of their bigh clay content. : :

3.3 Soil Materials
3.3.1 Borrow pits

Soil materials for embankments of main and branch canals and for the construction of
dams were investigated along these canals and the proposed sites of the reservoirs as
shown in Fig. E-1 and E-2. Six locations were selected along these canals as proposed
borrow pits and samples for laboratory tests were collected from four locations out of the
six and two reservoir sites accordingly. Three types of soils were selected along the canal
areas for laboratory tests. These were alluvial soil, bauxitic soil and white marl,

(1) Angels pen

This soil is located along the main canal at Angels pen and its type is of recent alluvium.
Its granular texture, therefore varies largely in the soil layer. Its available volume was
estimated at approximately 60,000 nt?, -

(2) Bellevue heights

This is located at a northern hill area of the Innswood Estate, and the soil tyﬁc 1s bauxitié

soil so that the soil texture is generally homogcneous The available volume was
estimated to be approximately 120,000 m3. :

E-10



© (3) Thetford hill

This is located in the northemn niountain‘ area of Old Harbour ToWn, and its soil type is
white marl. A private company has been operating its production at the borrow pit and
the available volume was estimated at approximately 200,000 m3,

 (4) White marl

~This is Jocated on the side of the highway between Spanish Town and Kingston. Its
cstimated vohxme is approximately 30,000 m3.

(5) Rhodcns pcn

Ttus is kx,dted beside the Rlo Cobre river, south of Spanish Town. This soil type is river
~ sediment. Its granular texture, therefore, varies largely in the soil layer. Its available
volume was estimated at approximately 270,000 m3,

(6) Mount Gotham

This is Jogaied in the mountain area, north of Caymanas Estate, its soil type is bauxitic
soil. The available volume was estimated at approximately 80,000 m3,

(7) Town Guliy reservoir and Black river reservoir

Soil materials of the dam embankment were examined with the samples collected from
test pits described in the Section 3.3.1 (Poundanon of reservoirs). This soil type is
alluvial soil. :

3.3.2 Results of investigation and'!aboi‘atory tests
(1) Angels pen

The material has 2.47 Specific Gravity which is slightly low. This soil belongs to ML
group and consists mostly of fine gramed soil, 40% of silt and 23% of clay. A
compaction test shows that the maximum dry density is 1,722 glem? with 17% of
- moisture and a permeability coefficient of k = 2.5 x 106 cm/sec. A compression test
“shows that it has 390 of angle of shear a.nd 0.4 kg/cm?3 of cohesive strength. (see Table
E-9) -

) Béilcvuc heights
: 'ThlS soil belongs to ML group and has 2.60 Specific Gravity. It consists of 80% of silt.

- The results of a compaction test were 1,500 g/em3 for dry density with 26% moisture
and k=12 x 107 em/sec for permeability. (see Table E-9)

- E-11



(3) Thetford Hill and white marl

These soils belong to GM group and have 2.47 to 2.53 of specific gravities. They consist
of mostly gravel (42 to 59%) and sand (18 to 35%) with a slight content of silt and clay,
The results of compaction tests were 1,909 to 1911 g/em3 for dry densities with 13% of
moisture. Permeability coefficients of k = 3.5 % 103 to 1.2 % 10 -6 Cmfsec were
measured. (see¢ Table E-9) : : o

(4) Town Gully reservoir

Soil materials from test pits P1, P3 and P4 at 2.0 m depth were sampled for laboratory
tests. The specific gravities measured were 2,40 to 2.61 and the compositions of the soils
was silt (29 10 48%) and clay (28 to 45%). (sce Table E-1) The results of compaction
tests were 1.597 to 1.789 g/em? for dry densities with 13.5 to 25.0% of moistures and
k = 1.0 X 105 10 2.3 x 108 cm/sec for permeabilities. The records of compression test
were 33° to 42° of angle of shear and (.23 to 0.40 kg/em? of cohesive strength. (see
Table E-9)

(5) Black river reservoir

Soil materials from test pits P6, P8 and P10 at 2.0 m depth were sampled for laboratory
tests. The specific gravities measured were 2.45 to 2.62, and the compositions of the
soils were silt (28 to 55%) and clay (23 to 54%). (sec Table E-2) The results of
compaction tests were 1.493 to 1.602 g/cm? for dry densities with 18 to 24% of
moistures and k = 4.1 ¥ 10-6 to 5.9 x 10-8 cm/sec for permeabilities.

The records of compression tests were 24° to 47° of angle of shear and 0. 16 to
0.08 kg/om? of Cohesive strength. (see Table E-9)

3.3.3 Conclusion

(1) Angels pen

This soil can be used for both canai and road embankments.
{2) Bellevue heights

This soil can be used for road construction but if it is used for canal construcnon
concrete lining will be necessary to reduce leakage.

(3) Thetford hill and White marl
These materials consist mostly of gravel and sand. They, therefore héve a weak cbhé:siife: 7

characteristic but a high bulk density. These soils should be used for road constmctmn
and dam embankment in a random zone,

E-12



(4) Town Gully dnd Black river reservoir

The sorl mateualq in the reservoir area can be used for the dam construction. Since there
are various setl textures in the area, borrow pits should be selected to meet the needs of
the dam body or the dam body should be designed according to the materials available at
nearest borrow pits.

Since construction materials are largely clayey at the fitter of these reservoirs special
attention must be given to aveoiding cracks in the dam body.

(a) Filter sand.

The sand material from Rhodens Pen borrow pit could be used as filter material
for the dam bodies.

(b) R1p rap material
For slope protection of the dams, a riprap will be necessary. For this the

limestone outcropping at Bernard Lodge and Innswood mountain area will be
quite suitable. Its solubility however needs to be tested in a laboratory.
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. Table B-S

. PERMEABILITY COEFFICIENT K AND D 20 SIZE

-~ BY CREAGERS METHOD
- D2{mm) K (emfsee) Soil typo
0.00% 3 xlohe - Clay
0.01 1.05 XI0AS Fine Silt
0.02 400 XIONS Coarse Silt
0,03 8.50 x10M5 Coarse Silt
T 0.04 1.75.x10n4 Coarse Sill
005 2,80 x10M4 Coarse Silt
- 0.06 4.60 %104 Very Fine Sand
0.07 6,50 x1074 Very Fine Sand
0.08 9.00 x10%4 Very Fine Sand
009 ©1.40 x10M4 - Very Fine Sand
0.10 1.75 x1003 Very Fine Sand
Q.12 2.60 x10/3 Firie Sand -
0.14 3.80 x10M3 Fine Sand
0.18 5.10 x10M3 Fine Sand
. 018 6.85 X103 - Fine Sand
o020 8.90 x10M3 Fine Sand
0.25 140 x16A3 Fine Sand
Q.30 2.20 xtohz Medium Sand
0.35 3.20 x10n2 Medivm Sand
0.40. 5.80 x10M2 Medium Sand
0,50 7.50 x10M2 Medium Sand
0.6 1.10 x10~2 Coarse Sand
0.7. 1.60 x10ng Coarze Sand -
.8 2.15 xi0A1 Coarse Sand
0.9 2.80 x10M1 Coarse Sand
1.0 3.60 x1OM1 Coarse Sand
2.0 180 Fine Gravels

Remarks: i.e. 20% of the sample is smalier than the size

Table B-6 PERMEABILITY TEST RECORD

"~ 8oil’ | Core - Depin Bulk Permeability
o Ring ' Location Density
. No.  “Ne. _(m) ' (efcm3) (m/day )
sc. 9719 . Pl 0.5 Towns Gully 1.42 10.69
SC - 980 P11 10 Towns Gutly 1.27 8.31
SC - 981 Pt 20  TownsGully 1.56 0.00
SC 982 P2 1.0 Towns Gully 1.64 0.00
-8C . 983 P2. . 2.0 Towns Guily 1.58 1.91
SC 984 P3 0.5 Towns Gully 1.50 0.00
8C 985 P3 1.0 Towns Guily 1.46 0.00
8C 98 P33 2.0 Towns Gully 1.62 0.00
SC. 987 P4 05  TownsGuliy 1.52 0.00
SC. 988 P4 1.0 Towns Gully - 1.67 0.00
SC 989 P4 20 Towns Gully 1.55 002
s5C 990 PS 10 Towns Gully 1.60 0.00
8C 991 . PS5 20 - TownsGully 1.58 0.00
. SC o992 P7 1.0 Black River 139 0.00
- 8C 993 P7 .20 . Black River 1.48 0.00
- 8C 994 P8 10 Black River 1.47 2.08
- 8C 603 P8 20 Black River 1.43 0,00
8C 996 P9 1.0 Black River 1.28 0.00
8§C 997 PO 21 - Black River . 1.46 1.66
SC 998 PO 1O Black River . 1.54 0.00
SC 999 P10 2.0 Black River 1.41 0.06
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LOCATION

s TOWNS  GULLY

T : LOCATION i TQWMS GuLLY
. . - e . BORING LOG
CBORING LOE.  gope Hok N -1 BORE HOLENO. : B-2
R S S 1 @ -
x AN - VALRQE . Z) . DESCRIPTION
s P 3 o b i
wf et & W OF STRATE
o W 20 30 4 s b J] - 14 29 %0 %@ 50
T&d . : f}llﬂm i Topseit . J ¢ I Topsonr
NG . Light brown silty - 2-0 Light biown CLAY whh
. - Sondy CLAY L 5] traces of sil} 8 Sond
L. 5. — - e s E T T T T At . = £ -
AT S,Tl" llth‘ b;own &!'.’AY ) h P [ Compact 1ght biown
SEE LMCMWM'LM! bro-Lwn m;;”“ 1 Lokl ting SARD trace of St
. osoun, med. Lot 2
- | |le ting SANDwith o 031X // V. stit brown silly
4 I ce - CLAY with a traes of
1. 1] I
are o As above. R drgy e SA
s : 54 /0] sttt tant brown
. . 1 (/ Silty CLAY, troce of
T erv <tiff Liamt - 204 sond - :
- 20 yary stiff bight I T A -
- 3 brown silty CLAY oo e \ 9’ "2 SHtE tight. brown
" h T/ fine sondy CLAY, trace
P 5:“" “““““ e =TT . 05 ] Y af sl
2 3 Loose greyish brown p A5 Bs obove, bul qrey 8
. fire SAND with soma = /A very dark brown with
: H 3 4] tiace of sond enly
B it / t t ¢ onl
| 20-] . 30 PAA A5 dbave but tight
307 A3 above ] A7FA brown, 1race of sint
¥ 1 - 35 FlAs above
35—~ - 354 &1 Light broun
Tas-3 Firm brown siity - Compag! Light brawn
-1 ACLAY with some sond 3. Eﬁ.&;&ﬁ with trace of
B - . Ry :
-840 As above B -
. s abe Ta0-& \ Very stiff brown
N ] A silty CLAY some sang
L |45 ] trace of gravel
45 - A [As obovs , but race of - As obove, bui herd
3 F{vand 3
~ ]
. L A  x o] A As abave, but very sriff
507 F 1Ay above 507 c/ ¢ 4
-] |.
J5f.6 END. Ei END
P L LCCATION I TOWNS GULLY BORING LOG LOCATION I TOWNS GULLY
BORING LOG - BORE HOLE NO. : B~3 FESSSETS BORE HOLE NOL: B4
0 30 30 40 30 10 20 30 40 5D ]
[ fEEl Yo poit LA Doak biown CLAY
B F Br. Gr. CLAY, b with g frace of sily
qate Compact light brown -4 )
] 3 Firm beown CLAY
R 5; . cogrse to fine SAND 5 teace of sH1t
| i
;o: ?/ '\)ery. st Heght brown L IOZ
] , CLAY, traces of sjif . \ As above but stiff
4 ) / and sand - Atrace of sand hare
ER _ / As obove -5 _ £ A very shitf hety
- 4 ] ]g- A Vary stiif sondy CLAY
-l 4+ A troce of siit.
20+ Ai] As above bul dord - 20 As above with some
] / brewn and hard. 3 sond
i ’ . 3 tine s
~25 4 d /4 As aboye bul very stifl 25 -f251p i Thin {57 seam 3?}
E % o ;
] ; : Vary stiff light
] "E:L . Brown sond,CLAY wilh
-30 As above but tight l-30 .| some silt
7] / brown gnd hatd
-'_35:‘ : . / As above bu_‘ very stiff -2z A Ward tight biown CLAY
:s—é-g_- R LA e - trace of silf.
40 : : ~ Compact light Browhn P
7] ’ g SAN?) wilhglraces of Sm“{liqnl br. sty
40 silt ond clay =401 - - o S pERAY ]
1o .2 Vayy sHfF light br.
a4 . \ | CLAY with g 1roce of
5 . . siit gnd tine sond
|45 - Vary stil dork brown 4% >, A As above but hard ond
= A silty CLAY with some » | osilty
] | sand /
50 ; #] As above but lght brown|. 501~ 1o : =
“lawith traces of sand | 3= END“Lcoss iight
and siky brown {ine =1ty SAND
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Flg. E-3

(12)

BORE HOLE RECORD (B-1 - B-4)

JAPAN

INTERNATIONAL
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LOCM’IOH
BORENG AOG. BORE HOLE NO.: B-5

. TOWNS GULLY

H
L
JLL LS L)

<
{

3
[
&

10 _ 20 10 40 30

iedvy

Ll

£S5t

T T
3 -
Illll'_lll'l'llnllll

T
»
Q

Ddrk brown gnd grey

.| CLAY becoming Heghter

in ¢colour.

A A3 above, but very

stitf ‘with traces of
scnd ond aith

As cbove, stiff

Thin {3") seam_ of
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1. NAT_iONAL SOCIO-ECONOMIC BACKGROUND

1 i General _ _'

J arridlca is an ﬁland in the Caribbean sea, between 7611 10 7822 west lcmgttudcs and
1704210 18°31" north latitudes. It lies in the tropics, directly on the trade routes from
Europe via the Panama Canal, It is the cross roads for air and sea traffic between the
Nosthand South Americas. The island is apploxxmatcly 235 km (146 miles) long and
varies from 35 km (22 miles) to 82 km (51 miles) in wide with a total land area of
10,947 km? (4,231 square miles). A central mountain range runs east to west with the
highest summit in the Blue Mountains at an elevation of 2,258 m (7,402 ft.). This
mountain range is close to the sea in the north, limiting the coastal plain, but allowmg for
some of the largest plains of the country to the south. Almost half of Jamaica's land area
is over 305 m (1,000 ft.) above mean sea level. Admlmstratwely, Jamaica is dxvzded into
three (3) counncs and 14 pamhes

Jamalca has a maritime nopzcai chmate characterized by warm ftrade wmds genc;aliy
knowni as the north east trade winds. The annual average rainfall ranges from nearly
7,600 mm (300 inches) in the Blue Mountain to less than 760 mm (30 inches) in some
parts of the south coast. The average annual rainfall for the whole island is 1,970 mm

(78 mches) ‘The annual mean temperature near sca level is 25.6°C (78°F), with mean
maximum témperatures occurring in July and August averaging 30°C (86°F). The mean
minimuom in January and February averages 21°C (70°F). .

L2 Economic Situation

The: economy of Jamaica is slowly emergmg from almost a decade of decline in the
1970s. The economy began to recover in 1981 to 1983 but another downturn began to be
évident in 1984 and has continued into 1985. The Gross Domestic Product (GDP) at
1974 constant prices was about J$ 1,924 million in 1984 and J$ 1,853 million in 1985 as
shown in Table F-1. The annual growth rates for these years were -0.4% and -3.7%,
respectwcly In 1985, the decline has been most significant in the productive sectors of
the economy. Mining and Quarntying recorded the greatest decline of 19.5% followed by
Construction 13.5%, Agriculture, Forestry and Fisheries 3.4%, Manufacturing 0.2%.
The decline in the services sectors was less significant than in the productwe sectors. On
average, the decline in the services sectors was estimated to be 2.9% as given in Table
F-2 :

GDP at cufrent prices in 1985 was approximately J$ 11,025 million with an annual
growth rate of 20.6%. This growth rate is low when compared with 32.5% in 1984. The
slower raté of growth can be atiributed mainly to decline in real growth in most of the
séctors, although there was 4 fall in the price of bauxite and alumina. (see Table F-3) Per
capita income at current pﬂces increased between 1975 and 1981, from J$ 1,292 to
J$:2,436. Currerit per capita income has continied to grow with the increases in prices of
- most goods and services and the value for 1985 was estimated at J$ 4,770. With the
: mcreasmg devaluation of the Jamaican dollar over most of that period, however, the
current per capita income has in effect fallen from US$ 1,369 in 1981 to USS$ 867 in
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1985, This is about 39% less than the compqranve figure of US$ 1,420 in 1975, Real per
capita income of J$ 1,070 in 1975 fell to I$ 867 in 1981 and contmucd into 1985 when.
the real per capita income had fallen 10 J$ 8()2 ,

In 1975, the producnve sectors accounted for about 43% of GDP but since then this '_
proportion has decreased consistently. In 1985, the contribution of the productive sectors
was estimated at about 35%. Agriculiure, Forestry and Fisheries is the only seetor to have
increased its share and this only marginally from 7.3% in 1975 to 8.8% in 1985. In the
services sectors, the most mgmﬁcant movement has been in Public adﬁumwanm, where
the share increased from 12.3% in 1975 to 19.2% in 1981. This high-level was
maintained throughout the 1980s. Recently there has been a shght decline but the :

comparaiive share has remained at 18.6%. (see Table F-4} :

A real constraint to economic development inl amalca since the m1d 19703 and canunumg _
into the 1980s has been the shortage of foreign exchange to meet the increasing needs of.
industry for raw materials and capital goods, and for consumption not satisfied by local
production. From Table F-5, it may be observed that the degree of extemal dependence
has increased by about 509 between 1975 and .1985. Both imports and exports as.a
proportion of GDP have increased, with exports moving from 35.3% in 1975 to 55.1%
in 1985 while imports grew from .45.6% to 66.5% in same period. The gap between
imports and exports which had declined in 1984 10 J$ 537 million rose to J$ 1,259
million in 1985, due mainly to the increased contribution of imports of goods and
services to GDP, however, the contribution of exports of goods and services has
remained the same as 1984,

1.3 Demographic Conditions
i.3.1 Population

The population in 1985 stood at an estimated 2.3 million with .a density of 212

persons/km? (550 persons/square mile), representing an‘increase of 1.3% above the 1984
figure as shown in Table F-6. This growth rate is low when compared with the last four
(4) years. Emigration in 1985 increased by 27.6% over the previous year. (see Table F-7)

Emigration has been an important determinant of population changes in Jamaica acting as

a brake on the rate of growth, In 1970 the net emigration was an estimated 46.7% of the

corresponding natural increase. This high proportion continued up to 1980 and was the

main cause of the low annual rate of population growth during those years. The
proportion since 1981, however, has been lower than those in the preceding ten (10)

years, with the average since that time being 19.7%, which is reflected in the high rate of
annual population growth in recent years (see Table F- 7)

In 1970 the 0 to 9 years age group represented 32, 4% of the total popu]anon but by 1982
this had declined to 25.2%. Despite this, however, the Jamaican population remains very:
young. 50.4% of the population is under 20 years of age, with the. median age for men
and wornen in 1982 being 18.9 and 19.9 years respectively. In the meantime, a fairly
stgnificant proportion of the female population, 17.2% is within the high fertility age
range from 20 to 29 years. On the other hand, an indication of the decline in mortality

levels has been the continued rise in the proportion of the population that is 65 years of
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age d“d over. In 1970 thls gmup fepresemea 5.6% of the population moving to 6.9% in
1982 (sea Tablc F«S)

Prom a study of past trends in the. componeuts of growth a set of projections for the
period 1985 to 2015 has been prepared by the Statistical Institute of Jamaica. According
1o this pl()]ecuon, the total population of Jamaica is estimated at 2.8 million in the year
2000 and 3.2 million by the year 2015 as shown in Table B-6, :

1. 3 2 Labour force

Tha total lab-our force in: 1985 was esumated to be approximately 1.0 million representmg
an increase of 0.2 million over the year 1975 ie., an average annual growth rate of
2.2%. ‘This growth rate is high when compared with the population growth rate of 1 A%
“due mainly to increases in the pepulatmn of 14 years of age and over with an annual
growth rate of 2.4%. The increase in the labour force was more rapid in the first six (6)
years of the period 1975 to 1985, than in the latter four (4) years. In 1985, the labour
force-grew by only 0.2%. For the same period the number of employed persons
increased by ‘a similar rate, while the number of unemployed persons increased
marginally by 0.3%: (see Table F-9)

In 1975, the productive sectors accounted for 53% of the total employed labour force,
moving to-54% in 1985. The level of cmploymcnt in the productive sectors has shown
steady.-growth since 1983, with a 2.3% growth in 1984, followed by a further 6.5% in
1985, The greater part of this increase was in Agmcultme, Forestry and Fisheries which

make up two thirds of the employed labour force in the productive sectors and
approximately one third of the total employed labour force. The employed labour force in

" this sector has declined from 0.27 million in 1981 to 0.25 million in 1983, but has,
steadily increased since 1984 and reached 0.28 million in 1985 which was considered 0
be attributable to.introduction of new agricultural programmes. The employed labour
force in the services sectors increased steadily from 1975 up to 1984 but decreased by
6.6% in 1985, This was.due primarily to a decline in employment by Public

- administration sector which decreased by 19.3% in 1985.

In 1985, the mimber of unemployed persons was estimated to be 0.27 million or 25.6%
of the total labour force. Such high unemployment has been relatively unchanged over the
last four (4) years with unemployment rates ranging from 25. 6% to 28.2%. The increase
of unemployed persons between 1984 and 1985 occurred mainly in the productive
sectors, while unemploymcnt declined in the services. sectors. E:mployment in Public
administration sector is diminishing as persons previously employed in this sector have
found employment in other sectors, With the increased emphasis on agricultural
production more persons are looking towards Agriculture, Forestry and Fisheries for
employment, this has led to an increase the level of unemployment in this sector.
Unemployment in these sectors has consistently been highest for the Construction and
Installation sector, and the Other services sector, because persons working in these
sectors are usually unskilled and have less flexibility.
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t.4 Social Services
1.4.1 Health

The Ministry of Health provides health care services through 23 government operated
hospitals, the university hospital and 372 primary health care centres. (see Table F-10)
These are supported at the central level by an administrative structure. The administration
of the services is, theoretically, decentralized to four (4) health regions, each du'ectmg
activities in three (3) or five (5) parishes in the island. The parish health department is the
main field administrative unit. Each parish health department comprises several medical
districts, the number of medical districts is relaied to the size of the pansh and cach
district has the following three (3) types of health centres: '

(1) Type L centre: (the smaﬂest unit)

This serves a population of about 4,000 persons and offels very basic maternal (,hﬂd
health and curative services.

(2) Type I centre: (one or more Type I's relate)
The population served is about 12,000 including those served by Type 1.
(3) Type I centre:

This is the administrative headquarters of the medical district, serving a population of
20,000 through Types 11 and 1 centres. Dental facﬂmes are available at some. of these
centres,

In addition, there is a Type IV centre, which is a combination of the parish health
department and the Type III facilities and services. It is usually within easy reach of a
hospital whose X-ray and laboratory facilities it utilizes. In many cases, the facilities and
services are either inadequate or poorly maintained and this affects the quality of the
service offered.

In recent years, there has been a decrease in the number of persons employed in the health
services, largely due to the restructuring and rationalization in Public administration sector
and there continues to be shortages of manpower resources. within several important
areas. The ratio of doctors and dentists to population in Jamaica, as well as the ratio
recomenended by the Pan American Health Organization (PAHO) are given in Table E-11.
In 1984, the ratio of doctors and dentists in Jamaica was estimated to be 1:2,808 and
1:36,506 respectively. It is indicated that the ratios of both doctors and dentists 1o
population are still very low when compared with the ratios 1: 910 for doctors and '
1:2,857 for dentlsts as recommended by PAHO. :
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1.4.2 | Education

The formal education system in Jamaica consists of four {4) levels, i.e. pre-primary,
pnmary, secondary, and iﬂmary education, Educational institutions by rype in each parish
are given in '{'abie F»lz

(1) Pre-prlmary lavcl

Formal educatlon begms at'age. three (3) to four (4) years. In the public system pre-
primary educition is offered in infant schools and infant departmcnts of some primary
and all-age schools. Privately owned institotions offering pre-primary education are
nursery and kindergarten departments of private preparatory schools and recognised and
unrecogmsed basic schools.

(2) anary Ievel

'The pnmary level compmses grades one (1) to six (6) and caters to pupils in the age
grouping of six (6) to eleven (11) years. Primary educatlon is offered in public primary,
all-age (grades 1 to 6) and private preparatory schools.

Special education is primarily offered in institutions run by private voluntary
organizations each of which receive a monthly subvention from the Government. A
~number of unit classes have also been established in public primary and all-age schools.

(3) Secondary level
The secondary level consists of first cycle secondary and second cycle secondary.
(a) First cyclc sucondary

Education at this levcl is offered in grades seven (7) to nine (9) of all- age new
secondary, comprehensive high, secondary high and grades seven (7) or eight (8)
- to nine (9) of technical high schools. Students gain entry to the different types of
- secondary institutions offering first cycle education either selectively or non-
selectively. Students in grade nine (9) of all-age schools sit the Grade Nine
Achievement Test (GNAT) through which entry may be gained to grade nine (9)
of secondary and comprehensive high schools.

(b) Second cycle secondary

Education at this level is offered in grades ten (10) to eleven (11) or 13 of
- secondary high schiools, grades ten (10) to eleven (11) of comprehensive high,
technical high, new secondary and vocational schools. Entry to grade ten (10) of
" comprehensive, technical, secondary high and new secondary schools involve an
automatic flow from grade nine (9) within each institution. Entry to vocational and
~agriculiural schools is based primarily on students’ performance at GNAT. There
- are two (2) agricultural schools which provide training in agnculune and home
' economics, and a vocational school which offers home economics for girls only.

F-5



	ANNEX-D  SOILS AND LAND CAPABILITY CLASSIFICATION
	TABLES
	Table D-1 SOIL LEGEND IN THE STUDY AREA
	Table D-2 MAIN SOIL CHARACTERISTICS OF THE MAJOR MAPPING UNITS
	Table D-3 SOIL MAPPING UNITS AND LAND CAPABILITY IN THE STUDY AREA
	Table D-4 SOIL CLASSIFICATION IN THE STUDY AREA BY SOIL TAXONOMY
	Table D-5 CLASSIFICATION OF THE SOIL SERIES ACCORDING TO SOIL TAXONOMY (USDA) AND CORRELATION WITH FAO/UNESCO SYSTEM
	Table D-6 CHEMICAL PROPERTIES OF EACH SERIES
	Table D-7 PHYSICAL PROPERTIES OF MAJOR SOIL SERIES
	Table D-8 INTAKE OF MAJOR SOIL SERIES UNDER VARIOUS LAND USE
	Table D-9 AREAS OF EACH LAND CAPABILITY CLASS IN THE STUDY AREA
	Table D-10 SUITABILITY RATINGS OF THE VARIOUS MAPPING UNITS FOR THE PRODUCTION OF IRRIGATED CROPS FOR ST. CATHERINE COASTAL PLAIN

	FIGURES
	Fig. D-1 LOCATION OF SURVEY SITES OF INTAKE-RATE TEST
	Fig. D-2 SOIL PROFILE DIAGRAM OF THE STUDY AREA
	Fig. D-3 SOIL PROFILE DIAGRAM AT THE SURVEY SITES OF INTAKE-RATE TEST
	Fig. D-4 SOIL MAP
	Fig. D-5 X-RAY DIFFRACTION PATTERNS OF THE SOILS
	Fig. D-6 SOIL CHEMICAL PROPERTIES OF TYPICAL SOIL SERIES IN THE STUDY AREA
	Fig. D-7 SOIL SALINITY MAP
	Fig. D-8 INTAKE-RATE OF THE SOILS
	Fig. D-9 LAND CAPABILITY MAP OF THE STUDY AREA FOR UPLAND CROPS
	Fig. D-10 LAND CAPABILITY MAP FOR RICE


	ANNEX-E  SOIL MECHANICS
	TABLE OF CONTENTS
	1. GENERAL
	2. PROGRAMME OF WORKS
	3. INVESTIGATIONS AND LABORATORY TESTS
	3.1 Foundation of Reservoirs
	3.1.1 Town gully reservoir
	3.1.2 Black river reservoir
	3.1.3 Conclusion

	3.2 Aggregates
	3.2.1 Plantain river
	3.2.2 Rio Minho river
	3.2.3 Hope river
	3.2.4 Rio Cobre rive
	3.2.5 Conclusion

	3.3 Soil Materials
	3.3.1 Borrow pits
	3.3.2 Results of investigation and laboratory tests
	3.3.3 Conclusion


	TABLES
	Table E-1 MECHANICAL ANALYSIS OF BORE HOLE LOGS AND TEST PITS (TOWN GULLY RESERVOIR)
	Table E-2 MECHANICAL ANALYSIS OF BORE HOLE LOGS AND TEST PITS (BLACK RIVER RESERVOIR)
	Table E-3 SOIL CLASSIFICATION AND S.P.T. VALUES
	Table E-4 CORRELATION BETWEEN N AGAINST φ AND qu
	Table E-5 PERMEABILITY COEFFICIENT K AND D 20 SIZE BY CREAGERS METHOD
	Table E-6 PERMEABILITY TEST RECORD
	Table E-7 AGGREGATE TEST RECORD
	Table E-8 AGGREGATE TEST RECORD GRAIN SIZE ANALYSIS
	Table E-9 RECORDS OF SOIL MECHANICAL ANALYSIS

	FIGURES
	Fig. E-1 LOCATION OF MATERIAL INVESTIGATION
	Fig. E-2 INVESTIGATION OF RESERVOIRS
	Fig. E-3 BORE HOLE RECORD
	Fig. E-4 SOIL PROFILE OF TEST PITS
	Fig. E-5 MECHANICAL ANALYSIS OF SAMPLES
	Fig. E-6 GRADING OF AGGREGATES


	ANNEX-F  SOCIO-ECONOMY
	TABLE OF CONTENTS
	1. NATIONAL SOCIO-ECONOMIC BACKGROUND
	1.1 General
	1.2 Economic Situation
	1.3 Demographic Conditions
	1.3.1 Population
	1.3.2 Labour force

	1.4 Social Services
	1.4.1 Health
	1.4.2 Education




