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1.

THE OPERATION OF THE DRAINAGE SYSTEM IN THE
BLACK RIVER UPPER MORASS PROJECT

Introduction

From the hydrological point of view there are two types of soil in
the area: the mineral soil made up of ¢lhy sandy clay and sandy
clay loam with a low infiltration rate and consequently a high
runoff potential and the peat soil with a high water absorption
potential and a low run off potential.

A set of open drains and three (3) pump stations are to be estab-
lished in the Project to remove the excess of overland flow during
the rainy season and to evacuate the subsurface water from internal
drainage and blue holes during the dry period.

The objective of the management of water resources of the area
should be tao provide the most suitable water relations for optimum
agricultural produotion within the framework of a soil and water
conservation policy. The water level in the drains should permit
the maintenance of the depth of the water table required by the
crop planted in a particular field.

Every drain should be provided at its outlet with a check drain
having sluice gates to control the water surface level in the
drain,

When there is much surface flow the gates should permit water to
flow to the Black River, but in the dry season the gates should
stop the flow and raise the water level high enough to facilitate
subsurface flbw into the fields.

In the soil, water flows from a point of high potential to a point
of low potential, If the potential in the drain is higher than the
potential in the field, water will flow from the drain into the
field. If the potential in the soil is higher than in the drain,
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water will flow into the drain. At the present time the latter
situation is taking place in the Project area and the peat soil
is losing water.

Evaluation of the Capacity of Drains

According to the typical drain cross section Figure 1, and using
the Manning's Formula for the steady state flow in open channels
the drain hydraulic characteristics have been computed and they

are presented in the tables in Appendix 1.

The following expressions have been used:

Manning's Formula:
Q ',% Ah § 2/3 1} (International System)

Q=1.48 Ah R 2/3 1} (English System)
=

Where:

Q = Water discharge (cubic feet per second CFS or
cubic meter per second MSIS)
N = Roughness coefficient, for a clay soil, uniform
channel
N = 0.030, because drains should be kept without vegeta-
tion to take care of heavy flood during rainy
season.

Ah = Hydraulic section (square feet (Ft2) or square meters
™)
bh = Hydraulic bottom width (feet) (ft) or meters (m)
dh = Hydraulic depth (feet) (ft) or meters (m)
m = Side slope of the drain; m = 2 for every drain
R = Hydraulic radius (Feet) (ft) or meters (m)

R = Ah
Th

Ph = Hydraulic Perimeter (Feet) (ft) or meters (m)

Ph =b +2 dn (1 + m?)0.5
1 =.Longitudinal slope of the drain
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3.

The values of bh’ dh and I are given for the different stations
of every drain and its capacity computed accordingly. Beside
the hydraulic data and based on Figure I the top width and the
area taken by every drain have been computed too, in order to
know the écreage taken by the drainage system.

The following expressions have been used:

Where ;

ba = bottom width (Feet) (Ft)
da = Depth of the drain (Feet) (Ft)
Area lost = (Top width) (Length of drain)

Table I shows that the drainage system has taken 184 acres (74 Ha)
or 1.6% of the intensive study area and the maximum capacity at
the Grass River Pumping Station is 6054 cfs. The 16 pumps working
simultaneously take away only 1600 cfs. This means that the drain
is four times oversized.

Drainage Organisation

To accomplished the objectives of the drainage system, Figure 2,
the latter could be subdivided in three (3) sectors (A, B and C),
each sector under the management of a drainage operator.

Drainqgg Sector A

Drains: AD; AD-2; AD-2A; AD-2B; AD-1; AD-3;
ID; 1D-1; 1ID-2; ID-3; 1ID-2A; ID-2B

Drainage Sector B
Drains: 2D; 2D-1; 2D-1D, 2D-1B; 2D-1B1; 2D-1A; 2D-1A1; 2D-1A2

Drainage Sector C
Drains: 2D-2; 2D-3; 2D-4; BD;BD1







TABLE 1 Characteristics of Drains in BRUMDEC Project

{ brain Length Maximum Cagacity ~ Area | Lost
i Feet Meters CFs M3/s ; Acres } Has

| AD 3700 - 1128 ' €054 | 171.5 15.03 | 6.0864
{ap-2 | 4291.2) 1308.29 ' 191 5.41 | 5.24 | 2.1207
' AD-22 4760  1451.22 | 49 1.40 | 3,19 : 1.2916
. AD-2B 4774  1455.49 | 159 4.50 ' 3.70 | 1.4994
; AD-1 950.5' 289.79 26 0.73 |  0.61 | 0.2473
% AD-3 1317.6 . 401.71 i 60 1.71 { 0.96 i 0.3905
. ID 19352 5900 © 1910 | 54.10 | 29,32 .11.8682
 ID-1 5975 . 1821.65 | 113 ! 3.21 i 4.59 i 1.8567
{ ID-2 2680 817 o971 276 | 1.97 | 0.7970
, 1D-3 5525.5 1684.6 . 137 | 3.87 ' 4.37 | 1.7677
| ID-2A 2000 ; 610 P74 1 2.09 ! 1.47 | 0.5948
, ID-2B | 18423 542 .74 0 2,09 1 1.33 i 0,5390
| 20 | 8841.3 ; 2605.52 . 1483 ! 42.01 ' 16.74 | 6.7759
: 2D-1 16400 ; 5000 . 801 | 22.68 ? 23.16 ' 9.3752
. 2D-1ID 4515 | 1376.5 84 2.43 | 3.42 , 1.3847
' 20-1B | 10354.1 § 3156.74 . 273 | 7.74 | 8.23 | 3.3315
" 20-IBI | 6762.8 | 2061.83 S1 i 1.45 ©  4.40 ! 1.7804
| 2D-1A ’ 6093.4 f 1857.7 , 165 | 4.68 ,  4.92 : 1.9933
. 2D-IAI ! 6166.8 < 1880.12 : 75  2.11 .  4.69 ; 1.8978
' 2D-IA2 | 5000.0 ;: 1524.39 ., 73 . 2,08 3.45 ' 1.3981
. 2D-2 % 10940.9 | 3335.64 ! 227 6.43 . 11.72 | 4.7567
,20-3 . 10970 334451 65  1.84 . 7.8 P 3.81
. 2D-4 7123 '2171.68 | 46 i 1.29 4.8 | 1.9680
i BD | 13294 . 4053 | 461 | 13.05 ; 13.01 . 5.2675

BD-1

7842.5 . 2391 i 34  0.95 | _5.65 ' 2.2879

i a
 Total | | ; . i 183.89 '74.4574
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Specific Duties of a Drainage Operator

- to keep the water level in the drains at a given depth in
conjunction with the required ground water level for the
established crop in the type of soil. To do this, he has
to keep records of the relationship between the drain water
surface and the water levels in the observation wells:

- to control the flow towards the pump station.

- to keep the drains working at full capacity; to do this
he has to keep records of the siltation in the drains, and
arrange for mineral and vegetable material to be removed
from the drains as often as necessary.

- to keep the culverts working at full capacity

- to prepare the programme and the budget for the maintenance
of the drains of his sector

The programme of the maintenance should include the length
of drains to be redressed, the type of machine needed, the
cost per hour, the number of working hours needed, the
specifications of the cross-section of the drain at every
station, the volume of earth to be taken out.

- to supervise the maintenance work in drains and related
structures.

- to work very closely with the Agronomists and follow the
drainage requirements of the crop pattern for every season.

- to work very closely with the pump station supervisors to
know the pump stations working conditions

The Drainage Operator works directly under the Superintendent
of Irrigation - Drainage and Roads.

For carrying out the physical work in the drainage sector,
the drainage operator should have labourers working with him.

- to identify the areas in the mineral soil where internal drain-
age is needed.
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Maintenance of the Drainage System

At the present time the drains are covered with vegetation that

needs to be removed to give the drains the capacity of carrying

the excess of water during the rainy season. The resistance of
vegetation to flow will increase the Mamning's roughness coefficient,
reduce the velocity of water flow and increase the water depth. At
the beginning of the rainy season the drains should be free of vegeta-
tion which could be removed mechanically or by hand labour or by -
placing sea cows in the drains.

As far as silting is concerned there is no problem of maintenance
initially because the drains have been designed with an additional
depth of 0.304m (1.0 ft) in the main drains and 0.152m (0.5 ft) in
the secondary drains.

When the water management in drains will take place, siltation will
increase, records of siltation should be kept to programme the
frequency of cleaning and reshaping the cross-section of drains.
Culverts should receive maintenance as often as necessary and their
working conditions should be observed frequently.

The Pump Stations

The excess of water is taken out to the sea through the Black River
by three (3) pump stations at Grass River, Island River and New
River. In the Grass River Station there are sixteen (16) pumps
each having a capacity of 2.83 m3/s 100 cubic feet per second

(100 cfs).

In the Island River there will be eight (8) pumps with a capacity
of 100 cfs each and in the New River there will be 4 pumps, 2 with
a capacity of 2.83 m3/s (100 cfs) and 2 with a capacity of 1.42
m3/s (50 cfs).

The water resources management should be such that pumping hours
are minimized to reduce the cost of operation, but the pumps and
engines should always be in good working conditions to avoid the
damage of flooding.
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For the operation and maintenance of the engines and pumps a
well equipped workshop, a specialized mechanic and a stock of
spare parts are required. Pumps and engines should be serviced
according to manufacture's recommendations.

RECOMMENDATIONS FOR THE OPERATION AND MAINTENANCE OF
THE DRAINAGE SYSTEM IN BRUMDEC'S PROJECT

The Irrigation - Drainage and Roads Engineer should be employed
by BRUMDEC before the end of the construction of the drains,

roads and dykes, because he should work with the Supervisors

from the Consultants. (Harza Overseas Engineering Company and
Hue Lyew Chin) and from the National Development Agency (NDA) to
follow the construction modifications, the material used, the
verification of the specifications, the hourly yield of the heavy
equipment (draglines, back-hoes, scrapers, tractors etc) the fuel
and o0il consumption of the equipment, pumps and engines. He will
need to be familiar with the equipment used to verify the specifi-
cations and the performance of machines. He will need to be fami-
liar with the soil (mineral and organic), with the water resources
and with the general environment of the area in order to plan a
rational optimum programme of water resources usage in the Project.

Employ the three (3) drainage operators and train them in the

basic principles of irrigation, drainage, soil-water-plant
relationship, precipitation, surface runcff, water table position,
flow through media, survey and water control. Then show them their
field responsibilities and the water level management in the drain-

age sector.

To avoid water desorption from the peat soil, the water level in
‘the drains should be kept at least at the design water surface.
(The capillarity height could take care of the 1.5 feet freebord).

At the end of April and at the end of September the drains should
be kept free of vegetation to give them the design capacity to
carry away the surface water excess.
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Records of water levels, of drains water surface levels, of
vblume of water pumped, of hours of work of every pump in
each pump station and of silting in the canals, should be kept
tc have the basic information to plan the management of the
water resources for the Project.

For the time being silting is not a problem in the drains
because the original design has given them 0.304 (1 ft.) and
0.152 m (0.5 ft). Allowance for silting for the main and for
the secondary drains, respectively. Besides that as it is shown
in Table 1 the drains have been overdesigned.

A period of observation under the influence of growing crops is
necessary before installing internal drains in the mineral soils.
At the present time the mineral soils under sugar cane have a
very low infiltration rate and a very bad internal drainage.

Check dams should be installed close to the outlet of the drains
to control the water level in the drains and consequently the
water table in the ground.

Pumps should be maintained according to the manufacture's
recommendations to get the 25 year lifetime under operation.
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APPENDIX 1I1I

RECOMMEND DEPTH OF THE WATER TABLE FOR MAXIMU{ YIELD

OF CROPS GROWING IN PEAT SOILS

; Crop Depth of Water Table i
. Feet Meter j
| Beans 1.5 -2 0.45 - 0.61 ?
Cabbage 1.5-2 | 0.45 - 0.61
Carrots 2 0.61
Corn (swect) 2.0 - 2.5 0.61 - 0.75
Lettuce 2.5 - 3.0 0.75 - 0.90
Onions 2.0 - 2.5 0.61 - 0.75
Peas 1.5 - 2.0 0.45 - 0.61
Potatoes 1.5 - 2.0 0.45 - 0.61
| Tomatoes 1.5 - 2.0 | 0.45 - 0.61 !
APPENDIX III
RECOMMENDED PARTS FOR THE ENGINE (30'' PUMP)
2 sets of fan belts
1 set of radiator hoses, clamps and tubing
1 box of 15 amp fuses
1 fuel solenoide
1 safety relay

3 starter solenoide

4 voltage ampmeter

4 water temperature gauge
4 oil pressure gauge

12 fuel filters

12 o0il filters

6 air filters






8.
S.
10.

APPENDIX III (cont'd)

RECOMMENDED PARTS FOR THE ENGINE (42'' PUMPS)

sets of radiator hoses, clamps and tubing
sets of fan belts

boxes 15 amp fuses

fuel solenoids

safety relays

starter solenoid

starter

voltage amp meters

0oil pressure ampmeters

W L L = D BN W p W

0oil pressure gauges

w
(-3

water temperature gauges

&

oil filters
36 fuel filters
18 air filters

RECOMMENDED PARTS LIST - MAJOR (42'' PUMP SIZE)

1 coupling element for coupling connecting engine to hydraulic

pump

Hydraulic pump
1 relief valve

Intake to hydraulic pump (suction) hose and clamps

Hose assembly L.P. for relief valve return with push-loc
swivel on one end, and push-loc straight fitting on other end
1" hose assembly H.P 2' H.P. hose fitting with reusable swivel
end. 2' H.P. hose fitting with reusable straight end.

Miscellaneous }" H.P. fitting ix 1/8 adaptor fitting male and
female from check valve to }" control valve

2 each quick coupling, 5100 for return line

2 each 5100 quick coupling for supply line

1 each needle valve
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11.
12.
13.
14.

15.

16.
17.
18.
19.
20.
21.
22,
23.
24.
25.

26.
27.
28.
29.
30.

31.

32.

33.
34.
35.
36.
37.
38.

APPENDIX III (cont'd)

1 each 0-3000 P.S.I. pressure gauge

1 each vacuum gauge

1 float for hyd. tank safety

1 each 40' H.P. supply hose with male pipe fitting ends
and quick couplings

1 each 40' L.P. return hose with male pipe fitting ends and
quick couplings

1 each S/S teflon oil feeder line for pump

1 hydraulic motor

1 propeller

1 each S/S wear ring

1 bottom seal plate

1 Crane seal

6 return line filters

1 box 2}'"x 5/8 bolts and nuts (contains S50)

2 discharge pipe gaskets

set pump bowl bearings

RECOMMDNDED PARTS LIST - MAJOR (30'' PUMP SIZE)

1 coupling element for coupling connecting engine to hyd. pump.
Hyd. pump

1 relief valve

Intake to hyd. pump (suction) hose and clamps

Hose assembly L.P. for relief valve return with push-loc
swivel on one end and push-loc straight fitting on other end
3" hose assembly H.P., 2'H.P. hose fitting with reusable
straight end

Miscellaneous }" H.P. Fitting }x1/8 adaptor fitting male
and female, from check valve to 3" control valve

each 5100 quick coupling for supply

each quick coupling, 5100 for return line

each needle valve

each 0-3000 P.S.I. pressure gauge

each vacuum gauge

float for hyd tank safety

e = NN







39.

40.

41.
42,
43,
44.
45.
46.
47.
48.
49.
50.

APPENDIX III (cont'd)

1 each 40' H.P. supply hose with male pipe fitting ends and
quick couplings

1 each 40' L.P, return hose with male pipe fitting ends and
quick couplings

1 each S/S teflon o0il feeder line for pump
1 hydraulic motor

1 propeller

1 each S/S wear ring
1 bottom seal plate
1 crane seal

6 return line filters

1 box 2"x}" bolts and nuts (contains 50)
2 discharge pipe gaskets

set pump bowl bearings






AGRICULTURE IN JAMAICA

Collection of papers of the Office of IICA in Jamaica

1977 - 1978

No. I - 1 Fritz Andrew Sibbles, '"Basic Agricultural Information
on Jamaica Internal Document of Work", January 1977

No. I - 2 Yvonne Lake, "Agricultural Planning in Jamaica",
June 1977

No. I - 3 Aston S. Wood, Ph. D., "Agricultural Education in
Jamaica", September - October 1977

No. I - 4 Uli Locher, 'The Marketing of Agricultural Produce in
Jamaica", November 1977

No. I - S G. Barker, A. Vahab, L. A. Bell, "Agricultural Research
in Jamaica', November 1977

No. I - 6 Irving Johnson, Marie Strachan, Joseph Johnson, '‘Land
Settlement in Jamaica'/, December 1977

No. I - 7 Government of Jamaica, "Agricultural Government Policy
Papers', February 1978

No. I - 8 Jose Emilio Araujo, 'The Communal Enterprise',
February 1980

No. I - 9 IICA and MOAJ, "Hillside Farming Technology - Intensive
Short Course'', Vols, I and II, March 1978

No. I - 10 Jose Emilio Araujo, 'The Theory Behind the Community
Enterprise - Seminar in Jamaica', March 1978

No. I - 11 Marie Strachan, "A National Programme for the Development
of Hillside Farming in Jamaica", April 1978

No. I - 12 D. D. Henry, "Brief Overall Diagnosis of Hillside Farming
in Jamaica", April 1978

No. I - 13 Neville Farquharson, ''Production and Marketing of Yams
in Allsides and Christiana', May 1978
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No.

No.

No.

I-14

I-15

I-16

1978 - 1979

No.

No.

No.

No.

No.

II1-1

II - 2
I1 - 3

II - 4

II - §

1979 - 1980

No.

No.

No.

No.

III - 1

IIT - 2

III1 - 3

III - 4

(ii)

R. C. E. McDonald, A. H. Wahab, '"Fertility Assessment

of Newly Terraced Hillside Soils Using the Microplot
Technique - the Allsides Case Study", 1978 .
IICA - IDB, '"Course in Preparation and Evaluation of
_Agricultural Projects”, Vols. I and 11, November 1977

Neville l'-‘arquaharson, "Production and Marketing of
Dasheen in Allsides and Christiana", June 1978

0. Arboleda-Sepulveda (IICA-CIDIA), "Agricultural

Documentatiﬂ and Information Network in Jamaica',
September 1978

Victor Quiroga, 'National Agricultural Information
System", (NAIS-Jamaica) Project Profile, September 1978

Joseph Johnson, '"A Revi~y on Land Reform in Jamaica
for the Pr-iod 1972 - 1978", September 1978

Neville Farquharson, "ABC of Vegetable Farmi. A
Draft High School Textbook, Vols. I, II, 111 and 1v,

February 1979

Jerry La Gra, "Elements of an Agricultural Marketing
Strategy for Jamajca', March 1979

D. D. Henr, I. E. Johnson, "Agricultural Extension
Service in Jamaica', March 1979

H. R. Stennett, 'Watersheds of Jamaica and Considerations
for an Ordinal Scale of Their Development", July 1979

IICA-MAJ, "Hillsic» Farming in Jamaica', A Training
Seminar, December 1978

A. L. Wright, A. H. Wahab, H. Murray, 'Performance
of Six Varieties of Red Peas (Phaseolus vulgaris L.)
on a Newly Terraced Ultisol in Jamaica', September 1979

IICA Jamaica Staff, 'Agro-Socio-Economic Sample Survey
of Allsides - Trel~-ny, Jamaica', September 1979
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No. III -

No. III -

No.

III -

1980

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

v

1v

Iv

v

v

v

v

v

v

10

(iii

IICA-MOAJ, 'Aa Approach to /gricultural Settlement of
Hilly Lands', October 1379

IICA-MOAJ, "Tree Crcps of Economic Importance to
Hillside Farms in J,malca" October 1979

Canute McLe: ., '"Production and Market1nggpf Peanuts",
November 1979

Joseph Johnson, 'Production and Marketing of Red Peas
in the Hilly Areas of Jamaica', January 1980

Lyn Snuffer, '"Pura! Women: An Annotated Caribbean
Bibliography with spscial reference to Jamaica',
January 1980

Vincent Campbell, Abdui izhab, Howard Murray, ''Response
of Peanut (Arachi:z hyn:ziea LA) on a Newly Terra ceg

Ultisc. in Jg.47“~', ounuury 1980

P. Aitken, A. Wihab, i, Johnson, A. Sahni, 'Agro-Socio-

" Economic Survey - Piiot Hillside Agricultural Project

'PHILAGRIP' Southein irels<ay,' Febr -iry, 1980

Glenys H. Barke-, '
to Research an! Deove

oirragny of Literature relating
~t :n the Agricultural Sector

of Jamaica 1954 - 1"’57' Sarcn 1930

Milton R. Wedderiuvr, "Alisides Farmers' Pre-Cooperative
A Socio-Econcnic Aszssen.oot™, March 1980

Adele J. Wint, "Tho Folc of Women in the Development

Process'", April 158

Milton R. Wedlerburm, '"The Co-cperative Input in the
Developuent of the Filot Fillside Agricultural Project
PHILAGRIP)"", April 1950

MOJ/IICA/CARDI, Fruit Trees Seminar -'"Research §
Development of Fruit Yrees'', June 1980

Henry Lancelot, 'Traditicnal Svstems in Hillside
Farming, Upper Troiaimy, JanAxca" June 1980







No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

v

v

v

v

v

v

1v

v

1981

NOOV-

11

12

13

14

15

16

17

18

19

20

21

1

(iv)
IICA/Jamaica, "Pilot Hillside Agricultural Progect",
;PHILAGRIPI, Project Document. Vols. I, an I,
une 1

A. Wahab, I. Johnson, P. Aitken, H. Murray and
H. Stennett, 'Highlights of the Pilot Hillside
Agricultural Project at Allsides", July 1980

I. Johnson, A. Wahab, P. Aitken, H. Payne, '"Benchmark
for a Project Profile for Developing a Peanut Industry
in Jamaica', July 1980

P. Aitken, A. Wahab, I. Johnson, 'The Allsides Post
Peasant', August 1980

Norma Munguia, Percy Aitken, Abdul Wahab, Irving
Johnson, 'Salt Extraction by Solar Energy", A Mini-
project, September 1980

Abdul H. Wahab, Percy Aitken-Soux, Irving E. Johnson
and Howard Murray, '"The Allsides Project in Jamaica -
Developmental Potentials of Hillside Agriculture',
September 1980

P. Aitken, A. Wahab, I. Johnson, A. Sahney and N.
Munguia, "Rural Women Survey'", Vols. I, II and III,
October 1980

P. Aitken, I. E. Johnson, A. Wahab, "Assessment of
%_ngloggent Among Small Hillside Farmers of Jamaica',
ovember 198

I11CA/Jamaica "Pilot Hillside Agricultural Project",
(PHILAGRIP), Final Project Document. October %980.

P. Aitken, A. Wahab, I. E. Johnson, Bo-Myeong Woo,
"IICA Evaluation of the First Phase FSB Allsides
Project”, (Internal Document of Work), November 1980

MINAC/IICA/CARDI - "Seminar on Multiple Cropping",
December 1980

N. Munguia, P. Aitken, A. Wahab, I. Johnson, "Smoke
Curing of Fish (as a household industry in Rural Jamaica)",
January 1981
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Mo.

lio.

Ko.

No.

No.

V- 2

<
1
Oy

(v)

P. Aim' Ao [\'Ial*l&' I. Jm, “_m -
It's Relation to the Aaricultural Sector and Considera-
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