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ANNEX J

PRELIMINARY DESIGN

DRAINAGF FACILITIES

Vl l Dralnage Pump Statlon '

e:ii Dc51gn dlscharge

Design’dl charge was determlned based on the dralnage requlrement

. estlmated in’ Annex H, as followe.

Pump Statlon B Pesign Di3cherge
'*:Holland _: ,f; K S 4.5 m3/s
”ﬂ'Black Rlver Left Lg ] f - -_7.5 m3/s

'=Broad ,lver nght B - 6.0 m3/s

'f;Broed_Rlver Left _” ' 4.5 m3/s

:-'2}¥;biaﬁeﬁéffehd1hﬁﬁbéiﬁof pumps
As shown in Table J—l, ECODOmlC comparlsons of a]telnatlve plans

were made for most sultable dlameter and number of pumps. As a result,

'Lhe follow1ng numbers and dlameter of dralnage pumps are proposed

' VPump'Station .:” Dlameter {m/m) Number (set)
ﬁL'Holland SR 800 3
‘Black - Rlver Left’ . 800 5
:fBroad Rlver Right” ~ /800 : 4
3

Broad_Rlver Left, ©. 800

_;'3)'-Pumg head -

.f e} Actual pump head’u.':

For de51gn of the: actual pump head, dlfferences of 1n51de and
'out51de water 1evels at each pump statlon Were used. - The 1n5lde water
:level was glven by the ratlng curve for the low water dlecharge shown in
Flg H 6,_ln the main dralnage canals.r On the other hand, “the out51de
.water level was | determlned based on the fifty year probable flood stages.

The actual Pump head estlmatea is given below:-



| b) Yotal pump“heéd
_ Total pump head 1nclud1ng loss of head ?HLf_wdé eStimatéa bY'thé L
foliowzng equation, ' ' o N
HL = hf + hi + ho + hbe .
 where, HL:_'Loss of head ”_ :
hf: Frlctlon loss of hLad
~hi: 'Loss of head by 1nflow _

 ho -Loss of head by outflow :
hbe: Loss of head by pipe bend

Total pump head of each pump statlon is as follows- 3

(Unlt" m)'

Pamp Station - 'Aq:'t.:ual:. o LOés Of _ cgotal.
SR Head. . . : Head .- .._‘Head
Holland 970 110 380

Black River Left o 2.30 L1000 3.40
Broad_Rivgr Right " 2.1,'0'.. E - 1.0 o '37.2.0 7
Broad River Left S 200 10 330

4) ~Pump type.
As showﬁ'above' dralnage pumps requlre a low head, ‘so.an- ax1al flow pump
is employed for .the dralnage pump. Topographlc condltlons of all drainage

pump stations ‘proposed are - 31m11ar to LaCOV1a Irrlgatlon Pump Statlon.

Accordingly, an 1n011ne ax1a1 flow pump 1s selected., -

$) Prime mover eguipment

a) Selection of prime mover eguipment. -~
bDiesel énqines ére édopted'for prime mover eguipment taking the
follow1ng factors 1nto conalderatlon .

- dralnage pumps should only be operated when floods occur so that
operation hours are short and not contlnuous all year round

--_constructlon cost is more economlcal advantages than= -
_ eleCtIlC motor dere : o



-6)"Re§ﬁired'éapadity Of engine
Based on the de91gn condltlons and pump spec1flcatlon power'

1equltement s estlmated as - fo]low%

P ;_¢57°f??? TVY'7-? 8 (ps)

Np. = Nt

'Whére;;_Ei--Power.reqﬁiréd for the prime mover
::_Q:;“Excess (Englne_= l 2)-

e Spec1flc weight of pumped liquid (ka/%)
(Water = 1.0)

Q¢ " capacity (m3/min)’

Lo Q= 90 m3/min)_
.4h3-fT0tal pump head (m)

_hbi 'Pump eff1c1ency (np = 0. 78)

.nt:; Transm;sslon efficiency (Nt = 0.96)

Poﬁer feguirémehtldf-eéch pump station per unit-is as follows:

Pump Stgtlon (P.S)
Holland. =~ = Sz
:Biack;RiverlLef; : . _ 110
_bead'RiverfRight : ' 105 -

Broad River Left = - - 100

A pre11m1nary d931gn of each pumplng statlon is shown in. Drawings

No. 5 -1 to 5~4.



1.2 Dikes

Baéed.bﬁ.the flood aiécﬁargé*aﬁa'fiéod;ie?elubf'thé'ﬁéspeCtiVé o
rivers, the SOll characterlstlcs of embankmbnt materlals as well as usage o

as road, pr0posed dlkes are de51gned as shown below

River ~  Dike o wm e M Gy

Black River -Right Dike 8.0 4#-"“'125“'35Q;5'1fﬁf2;l

'.O

Black River Left'Diﬁe'f o B N Sk '-2J0“i’
e

Black River folland East Dike . . B;D;fw =f?j i 5;,;;
8 2.0
Tt ..—- ‘l -5

0.8
.0 5 i
Broad River . nght Dike - - o 8.0:' iOiB:;'*21O€'t
| es 2.0

29

;2,4
e

5.7
5.7

¥.5, Rivér Hoiland'West Dike © 6.0

Y.S. River Y.S. Dike Improvement 6.0 -

0.0 0 0O
Woeww W

Broad River Left ‘Dike _ o B0

where,  B: .Wldth of dlkes crest
H: Helght of dike

m: Slde slope

~for- clay/clayey 5011 area
for peat area C -

¥ _ ‘
o
S G

 Fb: Freeboard -
L:"Length of - dlkes

‘Remarks: K He1ght of . dlke is not flxed because.
the groung ‘surface is undulated

Proflle ‘plan and Cross sectlon or dlkes are shown 1n DraW1ngs N

" 7-1 to 7-4.



1 3 Catch Draln 7

::l) DeSLgn dlscharge

_ The desmgn dlscharqe 15 determlned at 6. 7 Q/S/ha as. a peak runofi from
the hlnter land, of whlch runoff coeff1C1ent is estlmated at 0 5, based
on the lO—y@ar probable dally rainfall (115 mm} u51ng Ratlonal Formula.
The max1mum de51gn dlscharge of each; catch draln is as follows:

(Unlt:- m3/S)
T Maximim Design

'Cafch°Drain

. bischarge
'Sénta'Cruz'-i—.North - 5.1
‘ganta Cruz < = South - 9.6
 Arlingeon 18.6

.'2)f"HyaféuIic;gradiéﬁﬁ 

: Con51der1ng the max1mum ve1001ty and natural gradient of ground
surface,_hydraullc gradlent ig 6951gned to-be with the range of 1/2,000
“to 1/4 000 :

fe53)*“Canal-seetion”
Cross sectlons of the catch draln were determlned with the follow1ng

crlterlav”r-"

'Type -fﬂ" - e ; -7., : Tfapezoidalrearth canal

- Perm1551ble maximun veloulty 0.7 n/s

I

Roughness coeff1c1ent . 0.03 for Ménning formula  '

Slze slope

In31de slope _ : 1:1.0
Out51de slope. - T 1:2.0
1.0 m

Mlnlmum bottom w:dth _ : ¢ 1.

De51gned canal sectlon of each ‘catch draln is shown in DraWLngs

:No. ? 5 and summarlzed below

(Unit: m)

édﬁch‘Drain'ﬁf . ‘Bottom Width Canal Height
‘$anta Cruz  (North) 0 - 2.0 LS5

‘santa Cruz- {South) . 1.0 - 2.0 1.0 - 1.5 .

1.0 ~ 2.0 1.0 - 4.0

'-Arlingtpnu




1.4 Drainage Canals

1) Desmgn dlscharge

" The maximum-design dlscharge of each maln dlalnage canal lS taken o
to be the same. as the'draxnage pump stdtlon mentloned 1n 1.1, 1,, and 15 s

as follows:

R R

i : - Water-shed =~ Maximum “-
Canal " area | Design: Dlscharge

R ~(ha) (m3/5J

Holland Main Drainage Canal. 980 : -f5;2,7

Black River L/B - 1,680 8.7 .

Broad River R/B " 1,180 e

‘Broad River L/B " 1,080 . 5.0

Normal design dischafge ia described in Annex H and’ shown inf'?
Fig. H-6. ' ' '

The design discharge of a lateral drain (one for 0.5 ha) 19 y

planned to bhe 0.195 m3/5 hased on d65lgn rainfall as descrlbed in Annex H.

2} Hydréulic gradient

In main dralnage cana] con51der1ng the max1mum ve1001ty and
natural qradlent of - the grOund surface, hydraullc gradient is de51gned
" to be with the range of 1/10,000 to 1/1,500. Lateral lnd_farm dralns-afe -1
designed 1/2,000. Based on these design conditions; each main aréihaéé: o
canal ig desiqned aé shown in Drawings No. 6~1kto 6-5. The low water 1e§el

is designed based on normal dlscharge, same as the above canal sectlon..

Typlcal cross sections of-lateral and farm drain is shown ini

Drawings No, 8-1,

3} Canal section

The_drainage canal sections were determined with the.followiﬁg

_conditions:
- Type ¢ Trapezoidal earth canal.
- Perm1351ble max1mum VelDClty : 0.7 m/s N '

- Roughness coefflclent 0.03 for Manning formuia;,



- Minimum freeboard, : 0.3.m

.;ga Mlnlmum bottom wldth

Maln draln B e 0.5 m

s Lateral drain ¢ 0.3 m
o In51de slope.

; Maln,draln L : 1:2.0

1:1.0

”'Latefal]dfain R
Deelgned canal sectlon of each maln dralnage canal is shown in

Draw1ngs No. 6 -1 to 6- 5, and’ summarlzed below-

(Unit: m)

: Bottomtwidth Canal Height

Hollama” ~ . 0.5~ 4.0

1.4 - 2.1

Black River Left Bank . 0.5 ~ 8.0 2.1~ 3.1
Broad River Right Bank - 0.5 - 6.0 2.4 - 2.6
| ' ' 0 - 2.6

Broad River Left Bank ~ = 0.5 - 5.0 2.

a) cRelated,stfuctﬁfes'

"e): Dréinégé'CUIGert

A dralnage cu]vert is proposed to the placc where main drain
crosses under the roaq,_ ThlS is constructed as pre~cast concrete pipe
culvert due to ltS flex1b111ty agalnst foundation shrlnkage in the peat

area. Foundatlon method is adopted as wooden ladder with marl.

b)) Drain check -
A draih check:isrpléhﬁed at the outiet:from the paddy field area

to the main- dralnage canal in order to- control and to separate the water

level in the lateral draln by the gate from that in the main drainage

canel. A gate is - 1nstalled together with a stoplog



2. TRRIGATION FACILITIES

2.1 Y.s}-Intaké'Wéig 5
2.l;i ,Desigﬁf&ohéiéi@n—
1) DééiQﬁ 6igcharge'
As descrlbed in Annex I, the deSan dlscharge to be taken from_.r

Y¥.S. River to Holland area. 15 determlned at 0. 45 m3/sec.-‘

2} Flood wate1 1evel

Flood dlscharge of the river is referred in Annex B. as’ 55 m3/s .
with a recurrence lnterVal of 50 years. Plood water 1eve1 (F W L )

computed by the_perfect-overflow formqla.as follows:

where, Q3 Overflow dlscharge of’ we1r-(55 m3/sec)
X: Coefflclent for dlscharge (2. 0}
b: Width of weir (14 m)
“h: Overflow depth (m)

ho= (0/xb)2/3 = 1.57 m

]

Thereforé,

F.W.L. = 10.) {Top elevation of weir) P 187 = 1107w

3) Low water level

Low water level of the river is designed at the samé level as

the top of the weir structure at 10.1 m.
2.1.2 Gate

Subme;qed—orifiée:gafé type_iS'p;qpbéed'for the iﬁﬁékéﬁiﬁ
consideration of 1ts mbderate'chéfgé'df”iﬁtake“dischargévégaiﬁs£¥ﬁhe"
change of water depth in front of the orifice;' Dimeﬁsion'ahd designV S

intake discharges are computed as fdilows:



o= Cean VI F )
‘_awhgfé;ﬁfg{:flntake dlscharge (m5/sec)
“ I; eC!a_Coefflclent (h 0.5}
a: Area (bx a=0.7mx 0.5m = 0.35 m?)
 fg; LAcceleratlon of grav1ty (9.8 m/secz)
:ﬁ}? leferentlal of water level (m)

.hv} Ve}oelty head (= 0)

-(Ln low water 1evel)r

_QQ_% 0. 60 > 0. 45 m3/sec-

_[iﬁ;-.F W L }

"1, 15 m3/sec

: th _ _ _
1.15 - 0.45 = 0.7 m3/sec (to spillway)

M

2.1.3 :Splllway

o Normally, the gate would be controlled by manua] Unexpeeted
Flood eaused by heavy ralnfall 1n fhe upperstream would damage the main
'1rr1gatlon canal. Theref01e, a 0 7 m3/sec C&P&Clty of splllway 1s
?roposed to be constructed at the 1ntake weir with the overflow water
runnlng to the Y. S. river agaln Based on above condltlon Y.5. intake

welr.ls_deslgned as shown in Drawings No. 2-1.



2.2 Lacovia_lrrigatioﬁ Pump Station

2.2.1 Deslgn COndltlon

1) Design. dlscharge
The peak'watcr_réquiremeﬂt is ectimated at 3.42 m3/s; which is

adopted to the design of pump station.

2) Pump head

The low water level on the Black Rlver at 1. 7 km downatream from
the Lacovia bridge is estlmated at 0. (o]4] meter from mean sea level. of '
which minimum flow of 2 07 m3/s was recorded in March 1977 The hlgh
water level of the Black RlveL 15 estimated to be. apout 3.8 meters from
the mean sea level based on the 50 year return perlod probable f1ood

discharge.

Taking into conslderatlons requlred water levels of the Mountaln—
side Maln Canal and Slipe Main Canal, and dlstrlbutlon 1osscs, the g;:
discharge water 1eve1 is taken to be 5:45 meters from mean sea level

Accordlngly, actual pump head is estimated to he 5. 45 il based on above..

Calculation of the total puwp head is calculated.by theﬁfdlloWihgf
equation: ' ' ' - ' SR
H=Ha + hf + hi + Ho + hbe
where, Ha: Actual pump head
hf: Loss of head by friction = A '%%-ﬂ hv

hi: ILoss of head by‘cﬂcticn = fi - hv

ho: 1oss of head by discharge= Fo - hv -

hbe: Loss of head.by.behd = fhbe - hv
hv: Loss of head by velocity |
Az 0.033.
Fi: Q.5
fo: 1.0

fhe:  0.34

therefore, H = 7.00 m.

J - 10



3}_ Seleetlon of number of pumps, diameter of bore and
type of flow ; .
Number of pumps and dlameter of bore are determlned to 3 sets and

700 mm ln thlS prOJect by the follow1ng reason.

The pump equ1pment should be de51gned to have the hlghest
_efflciency and oood econOmy Laklng into fluctuatlon of the 1rr1gatlon
_water requlrement, occurrence of the natural and artlf101al calamities.
.The followxng graph shows the fluctuatlon of the monthly water require-
'ment to be pumped up in a year._ In this condition, it is most

advantageous to 1nsta11 four pumps 1ncludlng one stand—by pump

Based on maximum head and minimum head, mixed flow pump is adopted.

_NUMBER OF PUMPS

RS B

O _Zmmmr A77 7577

JAN.| FEB.

‘Waﬁer.Requirement ]
o s
9

2 Z
| JUN.| JUL.|AUG. JOCT.| NOV.|DEC.

Month'

when the total capa01ty and number of pumps are determlned the

capa01ty of each pump can be calculated as follows

Water_requlrement : W= 3.42 m3/seo
Number'of éets : N = 3 gets '
Pump capaclty : 0 = W/N x 60 sec-m?/min/set

therefore, Q:= 68 4 m3/m1n/set.

The bore of- the pump hds been determined based on the flow rate.
Plg J 1- shows the - relatlon between the flow rate and the bore of the
pumpu for general purposes from Whlch a 700 millimeter diameter mixed

. flow pump can be adopted.

J - 11



2.2.2 Alternative study -of . ponp. type

e N e S e

From the ahove

appllcatlon pump can be proposed as follows

. Vertlc&l Mlxed Flow Pump (see Plg J ?)

. Incllned Mlxed Wlow Pump (see Flg J 3)

~mentsoned deSLgn condltlons, a low llft range :

¢he above two types of pump, were compared from a v1ewp01nt of e

easiness of construction works and cosbt.

a) Economical comparison

Construction Costs

'(Uni£: US$)

Ttemn

’ Pump Type

Vertlcal Mlxed Filow

Design Condition

¢F00 mm, 485 Tpm.
90 kW, 3 sets

¢700 mm, 485 rpm
90 kw, "3 ‘sets .

o

Pump, Motor 210,650 - 245,000
Pump Accessories 415,500 358,250
Cost, Insurance, Freight B 40,506 35,420 :
(C.T.%.). : o o
Installation Cost 119,250 116,670 .

Sub-total 789,900 755}3331'
Construction Cost of 93,330 .25,210
Pump House '

Total 883,230 - 780,550

g2

Incllned MlXed Flow o



j  b),=Availabi1ity;of construction works

oo Ttem

'Pﬁmp Type

- Vertical Mixed Flow  Inclined Mixed Flow

civil works

Architectural works’

Installation works -

Operation:& maintenance

Additibnél'ﬁork'-
(Pedro Plain)

L= 8m, B= 1l4m,

The works are ~ simple

‘Aifficult and con-

struction. period

“long.

Demahd Pump House Demand Operation House
L= 85m, B= 10m, H= 4m
H= 1lm-

_The works are diffi—

cult and costs high.

The works are Simple
. complicated. ' :
- ordinary Ofdihary_

Civil work & pump Civil work

house

From the viewpoint of cost and simplicity of construction works

as mentipﬁéd above, the inclined pump is adopted for the project.

2.2.3  Prime mover equipment

';)_ZSeleétiOh of prime mover equipment

.., “Eleclric motors are recommended taking the following factors into

consideration:

- electric power is easily supplied from Lacovia village, and

.=~ .the pumé is easily opérated all year round and especialy

_continious 24 hours operation in the peak season. .(Apr., Hay,

Jun .}

J - 13



2) Pecision of power requlred for pump

Power requlred for the prlme mover is. calculated by the follow1ng

equation.

0.163 - r - 0 - H (e
= : (kW)
P=C Coup e Nt : ,

where, P: 'Power requixed for therprime'mover
o3} Excees (motor =1, 5)

r: Spec1f1c weight of pumped llquld (kg/z)'
' (water = l) ' o

Q: Capacity (m3/m1n)
{0 = 68.4 m3/min)

"H:i Total pump “head (m)
{(H = 7. OO_m)

Ne: - Pump efficienoy'(hp 5-0.79)
nt:  Transmission eff1c1ency

Nt = ¢.96 - As reductlon gear box w1th horlzontal
spur gears) . .

therefore, P = 120 kW.

- 2.2.4 - Design of bifurcation work

Irrlgatlon water from the Lacov1a pump statlon w1ll béféiQé%Eéd“'”
into the Mounta1n51de Main Canal and the Sllpe Maln Canal _ The‘oeﬁél
discharges are 1.44 m3/s for the former, 1 a8 m3/s for the latter.-.
Consequently a blfurcatlon needs to be constructed A longltudlnal _
bifurcation work with an ‘overflow weir is employed from the v1ewp01nt of -
accuracy of diverted water volume and. easy operatlon _ Thg,welt,wldth-ls:-

divided into two parts in proportion to the ratio of the discharge to be
diverted. & o 7 - .

Since the width of the dlscharge pond is de01ded at: 10 40 meters '
due to the disposition of the pumps, the welr w1dth 15 determlned at
8.60 meters exclusive of the width of the partltlon walls hhlch is

calculated to be 1.8 m {0.30 m x 6 walls),’ Hence, in proportlon to the

flow ratio, the weir width for the Nounta1n51de Irrlgatjon Canal and

Sllpe Irrlgatlon Canal, can be determlned as.3.62 m and 4,98 m

respectively.

~d =14



©.On. the other hand, the overflow depth can be determined as follows
o T 3/2 :
CgecB ot RS 0/ (Com)) 2/3

v Dlscharge (m3/s)

c:oef_ficlent of capacity (1 +96)
o= 1 785 (9—0—339-5- + 0. 237m))
B: :Wldth of weir. (8. 60" m)
' hf'EHelght of weir: (0.35 m)
D:

Height of weir edge_relative to bottom of weir
(D = 0.50 m)

A prellminary'design of Lacovia Pump Station is made as shown in
Drawings No. 2-1. . '
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2.2.5 Operatlon house

As an operatlon house will be built for the’ purpose o[ operatlon
and malntenance of the pumps it Jncludes, an offch, power room and
operation -reoom. Dimensions of the operatlon house can be determlned

from the office qpace and the equlpment to be 1nstalled as follow5°

Dimensions:®

Feeder panél o 1,000 x 2,000 x 2,350 1
Receiving panel ' . 800'x-3;odo 3-2,350 1
High—ténsion motor panels. 900 x Z,OOO b4 2,350' _3.:
Low~tension panel 800 x 2,OOQ_x.21350 1
Three~phase transformer "f800 X 2,000_x 2,350_ 1
On-the-spot control panels 1,890 x 5$D'x 2,350 3 N
Relay panel 800 x 550 x 2,350 1
« 800 x 1,90 1

DC power supply unit 1,000

Therefore, the dimensions of the operation house are 10.00 m 1én§th; :

8.5 m width and 4.00 m height. (See Fig. J-4)
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2.3 _1ff£"§j5t‘io'ﬁ ‘Canals’

1]) Dﬁuwlmsdmnm_s'

The de81gn dlscharge for 1rrlqat10n canals is based on the peak
-:monthly requlrement in respectlve sub~ —-areas described.in Annex I {(3.2.7}
'-gndrshqwnl;n_y;gures_I_44and I-5. The_d351gn discharge for each main

canal. is summarizeéd below:

. Area Design Discharge

" Canal
T (ha) - {m3/sec)
'_‘Hdllaﬁd Main Canal ' 560 0.45
-'611pe Main Canal - 1,520 1.98 (2.55)

,'Mounta1n51de Main Canal 1,000 1.44 (2.57)

.‘Rémarks:s De31gn dlscharge in ( ) shows that with
' - Pedro Plain :

~2) " Canal lining

o mTo mlﬁlmlze operatlon and malntenance ‘costs in partleular for the
'fweed protectlon, maln, secondary and sub secondary canals w;ll be lined
w1th plaln concrete,sand thus, 1esser canal section and lesser

head of pump Wlll be appllcable than that of earth canal. Tertiary canals
and farm dltches Wlll beé lined with soil cement, of Wthh details are

descrlbed 1n“Seqt10n 3.2.

T3)-“ﬁydraﬁ1ic:gfadient

Con51der1ng the allowable water ve1001ty and natural gradlent of
the ground surface, hydraullc gradlent of maln and secondary canals is

deslgned;to-be wlth_the_range of 1/8,000 to 1/300.

_4) . Canal section
Cross sectlons, the 1rr1gat10n canals were determlned based on

.the hydraullr calculation using Mannlng formula Wlth the follow1ng

criteria.
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- Permissible’ velocity

: co Maximuﬁ _ fMlnlmum B

Type of Canals - velocity VelOClty
Concrete 1inéd:caha15 © 1.5 ws ’O§3im/s" |
Sbil cement 1inéd“canal-g11LO'm/s 0.3 m/s'._'

- Roughness Coefflclent for Mannlng formula
Concrete llned canal : Q. 015
011 Cement llned canal H 0.020
~ Minimum freeboard.
Fb = 0.05d + hv + 0.15
where, Fb: Freeboard (m)_'

d: . Water dépth {m)

nv: Head of velocity (m)

- Side slope

Type of canals = _"Inside:Slépe" ~ Outside Slope

Concrete lined camal 1: 1.25 . ;-11:1.55'2"
' {1:1.0 in eﬁbankment) '
Soil cement lined canal B N 25' SR :I:Q.O

- Bottom width (B) and water depth (D)

" canal bottom WIdth and water depth are de01ded based on most
effectxve Cross= ~gection and B/D ratlo. in prlnClple the ratlo i“-

is used 1.0 to l 5 in the de 51gn

0681gned canal sectlon of each main canal is shown in Drawings. No. .-

4-~1 to 4-3, and summarized below: .

_ (Unlt-" ).T
-Bottom Wi&th_ Canal Helqht

Holland Main Camal - 0.4 - 0.5 0.8

Slipe Main Canal .8 - 1.5 1.0 - 1.5
Mouwntainside Main.Canal 0.8 - 1.2 1.0_—.1;2 g .
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';”5[‘“Related'structuresp

A'number of structures such as turnouts, oheckgates, culverts,'

'_croqs dralns, drop and spillways are requlred in con]unctlon with the
.1rrlgatlon canals These structures are shown in DraWJngs No. 9- l to 9-5

in. Volume-III- The number of stiuctures requlred is shown in Table J-2,

. and summarlzed below. -

'f.j: with Pedro Plain

ocganal . © 7 ‘Purnout Checkgate Culvert cross prop Spill-
R . : . . . - Drain . way
Main ¢anal™ . 32 . 1419 5 1 9
secondary canal . . 48 .23 .58 0 - 8 12
RN 80 37 . 77 5 9 21
Cotal - _ _ _
JTotal T (84) (38) : - (22)

ey fﬁrﬁohtﬁ’

A turnout is constructed to dlstrlbute water from a parent canal
'to a 1ower grade canal and a Parshall flume is constructed in a lower
gradée canal to’ measure the dlverted water dlscharge The turnouts are

cla551f1ed 1nto the follow1ng three types,

AyRe Lo e mdfs) L (m3/5)

25 SR 71,05 9y < 2.0 o 0.2 < 0y
T . 1.0<01.€2.0 o 0y < 0.2

Ctrzr . 0 g <10 _ 0y < 0.2

where;':Ql: Dlscharge ‘of a parent canal in upstream

Qz:. Dlscharge of a lower grade canal at the
beginning point. .

b Cheok sate

:fgate is proposed to marntaln the requlred water level

' for dlver51on'of 1rr1gdtlon water._ The de51gn of the faCllltleS
: generally depends on the gradlent of canals and ‘the seasonal fluctuation

of- water requlrement Tmo types of check gate are proposed as follows:

'1Type_I é. for Sllpe and Mounta1n51de Maln Canal

irype TI: for Holland Main Canal “and Secondary Canals
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) Cuivert
A concrete plpe culvert 15 prov1ded for road cross over the canal.

The velocity in the ‘gonduit whlch 1é loss Lhanﬂl,p m/s r adopted

types of culvert is propoeed as follows.

Type - Pipe Diameter

o L 1,200 Tm

K & SRR 1600 v
q) Cross-drainT
A cross: drain for the stream and catch draln 1s planned to be

constructed fo cross under - the main canal into the rlver or- 1atera1

drains. TWo types of cross draln are deelgned as follows~

TYpe S DeSigEWQischarqe--..r PlPe Dlameter
E more than 10 m3/s 1,500 mm:
Eo O less than 10 m3/s . 600 mm
. e) . Drop

a drop is- requlred where topograpby along the ﬂanal has a” steeper .
slope than that of de51gned hydrayllc gradlent in the canal, 1 e has
the function to dissipate excess hydraullc energy. Two types of drop

are proposed as follows:

EZQE : S - Drop Height
I : _ o 1.0m

11 E : . 0.5 m
£} -Spillway :

a SPillnay'ie designed.in £ne canal system’ for two purposes
One is to empty the canal -for emergency ox clearlng to repalr the canal,
the other is to. Splll out ‘an excess flow 1n the canals. A splllway is
generally prov1ded at “the end of inain and secondary canal and the 51te
where a secondary ¢anal is branched OIf from a maln canal CALY splllways
. are,connected to the nearby dralnage canals.
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3;::0NeﬁARM bEVELOPMENT

3, 1 Parm Plot

_? The 51ze of eaoh field plot was determlned at 50 m x 100 m {= 0.5 ha)
iﬁ'béth-the-peat-and mlneral-SOLl areas in Annex H..

_ Typltal on-farm System is proposed taklng into consideration the
co- relatlon between 1rrlgat10n, dralnage facilities and farm roads-network

-as shown 1n Flg. J 5.

3.2 -on_farmVirfigation Fracilities

'.lf Tertlary 1rr1gatlon canal and farm dltch

_'a) Des;gn dlscharge

_ Unlt water requ1rement for tertiary unit is calculated by the
follow1ng equatlon on - the assumptlon that there would be no effective

Yainfall " dur;ng_one rotatlon 1nterva1.
UWR = (CU. + Pr.)/Ei
 where, OWR:  Unit Water_Requitement
Cus: Cohsumptive'Use of Water (average in spring crop)
Pr.:. Percolation = (average in spring crop)
. Ei: Irrlqatzon EfflClency
Design diScharge of tertlary canals and firm ditches is estimated
as product of UWR and area of 11r1gatlon rotation block (20 ha). Tertiary

unit means an organlzatlon of onhe or more and at most 5 irrigation rotation

_blocks,' UWR and design dlscharge are shown in the follow1ng table.

'ﬁescfiﬁtions 'In.Mineral | In.Peaty
ST s : : Soil Area 501l Area
_"CU.¥P:;'Iﬁm/daf) _ 70 11:4
' 'féﬂ:+?ff(2/éec/ha) = ' ’ 0.81 ' ' 1.32
B IR ' 0.2 0.72
(cu. +pr. )/El(z/sec/ha) o 1.13  1.83
. .De51gn dlscharge (4/sec) ' - ;
- Irrigation rotatlon unit 22.6 eey 30 . 36.6 say 40
{20 ha) SR -
' Tertiary unit (100 ha) 113 say 120 183 say 200
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'b) Canal type

The canal llnlng for . tertlary 1rr1gat10n canals and_farm dltches

proposed to be 5011 cement llnlng based on’ the alLernatf e_case study

’ shown ln Table J- 3. In thls study, corruqated steel plpe canal sorl

cement llned canal and clayey earth canal are carefnlly compared__ T

Corrugatea steel pipe canal ]S 1lghL resultlng 1n 1ess slnkage of canal
- bodies even on the peat 5011 foundat:on, but 1t is very expensrve o
Solil cement llned canal and clayey carth’ cana] can be constructcd by
local-made materlal but the former has an economlcal advantage ln T
conslderatlon of malntcnance cost. Canal type 15, therefore proposed
as sorl cement lined canal for tertlary“canal and farm drtch in not only

the peat 3011 area but also the. mlneral 5011 area as well.

2) DiviSion box'and field'outlet

Rotatlonal irrigation method does not nece551tate the d1v151on
box for each fleld plot (0. 5 ha) . One lelSlon box and two fleld outlets
on. both’ sides of the farm dltch are Suff101ent for one rotatlonal '
3rr1gat10n block-(4 0 ha). Foundatlon of these concrete structures is
desrgned as wooden ladder w1th marl for the peat sorl area. A.drv1slon

box and a fleld outlet is to be made by precast concrete

3.3 Tractor'Paeeageﬂ

A passage from farm road 1nt0 flelds is proposed to facllltate
a tractor comlng 1nt0 fleld Its slope is . 1ower than l :4, O (259) and .i_
4.0 m in w1dth cons1der1ng the slze of proposed farm machlnerles and S
theixr 1mplements. ‘Differential of each fleld plot elevatlon-ls anr'" 
important.factor for ‘the decision"dfitractor pasSagé”iﬁtérﬁals;, In ‘the
peat soil alea one passage is practlcal for four fl@ld plots (2.0 ha)
and it is p0551ble to move over from one. plot to another fleld plot even
by comblne In the Hatfleld sub -area one. passage is desrgned to be T_‘”

_attached to each field plot and in the Holland area one for two plots

on én average._. -
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4. ROAD& _ o
' The road w1dth of maln and secondary roads are determlned at
”8 0 m (0 6 m in effectlve w1dth) and 7.0 m (0. 5 m) respectlvely tak:ng
-exp@CFEd;txﬂfflG-den§lLY 1nt0.c0381deratlon and width of farm road is
'16°67m7(0:ﬁ m-in.efféCﬁive.width} taking width 6fﬂférm-macﬁines to be
'1ntroduced All'roédéfare.paved by mérl compéction,df'O.B m; 0.2 m,'and
_'O 1 m 1n thlckness, respectlvoly The height of main roéd iszdeéigned
S at - 0 5 m from the fleld surface, and 0.4 m for the others bhased on the
'allowable 1nundat10n depth in. the paddy field as descrlbed in Annex 0.

'Typlcal cross sectlon 1s shown below

. We
1.0m. W . 1.0m
O m
'\(9 l H

oW l..?T;;,ﬁp;;;?,F.¢;¢;§ﬁv},:;;j B ’?-O )

i \\\\Marj Pavement

~ {Mineral soil area) (Peat so6il area)

{in meters)

_Roadsk_ . We W (min.) D
Main road 8.0 6.0 0.5 0.2
-Seébndéry-rqad 7.0 5.0 0.4 0.2

Farm road - 6.0 4.0 0.4 0.1
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5. PRINCIPAL FEATURES

PRINCIPAL FEATURES OF HOLLAND SYSTEM

"

1. Source of Irrigation Water Y8, River -~

2. Gross Irrigable-ﬁrea' '+ 680 ha

3. Net Irrigable Area + 560 ha

4. Y.5. Intake Weir . _ -
Design discharge of intake : '0.45 m3/s'f

‘leed type concrete weir

4.2 Intake weir _ D
' . B=14.0m H=2.6m
4.3 Gate : Submerged orlflce gate

0.5 mx 0.7m

5. Irrigation Facility.

5.1 Main canal

{1) Canal type -~ . SO s Tfapezoidal conéréte‘lined-éaﬁal
(2) Design discharge : 0.45 - 0.3l w357
{3} canal length - .' : 3.2 km
(4) Related structure - ':'.
- Turnout - : 3.Abs.
~ Check gate : 2 nos.
~ Culvert . : 7 nos.
- Cross dfain . ISTnosa
- Spiliﬁay 2 nos.
5.2 Secondary & Subfsecondary.eanel -
(1} Canal-fype' _ : ' Trap8201da1 concrete llnlng caﬁal
{2 Design_discherje'_ 0.18 ~ 0.02 m3/s
(3) canal length 11.1 km
{4) Releted'sfructure_-"
- Tﬁrnout. | :'_11 nos.
—'Cheek.gete : 7 nos.
- Culvert - i 37 ﬁgs_
- Drop. - : 5 nos.
--Spillwéy :  4.noe.
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" 6. Holland Drainage Pump Station

;'5;;_'$?pe]of,pump B :_'Inciiné-axiél flow driven by
R . .diesel engine
6.2 biametérh- o . 800 mm
6?3.;bésigﬁ“dischargé-pef one unit : .90 m3/min
.Gﬁé'Tcéﬁaéitygaf'poﬁérfunit ' ;125 PS
élsl_ﬁﬁﬁbérVoffpﬁﬁb Séts : : 3 sets

7. Main Drainage Canal .

L7l :Cénal type : Trapezoidal earth canal
;'7.2: ?e?ign discharge . s 2.68 - 0.93 m3/s
7.3 Canal length : 8.9 ko '
7.4 ‘Drainage culvert ) 7 nos.
8. Roads R
8.1 iéﬁgtﬁ of maiﬁ;road _ : 9.0 km
8,2:"Leﬁgth of secondary road  : 19.4 km
8.3 Leﬁgth'of farm.road : 34.0 km
9. on-farm Development _
£ 9.1 Aféé'of'onnféfm"development : 560 ha
9.2 Irrigation facility
. (1). Canal type : Trépezoidal s0il cement lined
ST canal

-(2) Length_of_tertiary canal : 4.5 km
(3) . Length of.farm ditch - : 28.0 km
(4) _Related;struqture
- Division box | : 140 nos.
—.Cﬁlvétt of tertiary

canal , : 28 nos,

9.3 Drainage facility

(1) Canal type - . : Trapezoidal earth canal
'_(é)  Leng£h'of_1atera1 ' o
.- drainage canall . : 28.0 km

_(3)'-Lehgth of farm drain . 117.6 km

(4) Drain check _ . : 28 nos.
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10. bike

10.1 Length of Black River right dike : 1.9km

10.2 Length of Holland east dike 2.9k

10.3 Length of Holland west dike LT Zfdzkm
10.4 Length of Black River short cut ':_ 0;5'kmf‘

- 11. Y.S. River Bank (Improvemént) K . i-5'3$1
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1

" PRINCIPAL FEATURES OF LACOVIA PUMP UP SYSTEM

SourCeﬂgf_irrigation Water : - Black River
Tacovia Pump Station. (with Pedro plain) _
2.1niﬁype5§f_pump: : o : Incline mixed flow driven by not
‘2.2 Diameter . - - : 700 mm

2.3 Peak diébhaﬁgeiper one unit : 68 m3/min (61 m3/min)

2.4 capacity of power unit : 120 kW (110 kW)

2.5 Number . . : _ ' .t 4 nos. (6 nos.)
Ifrigétipn_Facility (with Pedro plain)

3.1 Slipe main .canal

(ii: Cénél type ¢ Trapezoidal concrete lined canal
(2) 'besign“discharge o : 1.98- 0.63 m3/s (2.55-1.20 m3/s) -
(3) Canal length : 5.2 km

(4);_Reiated,structures“ ,

- Tﬁrhout " : 16 nos. (18 nos.)
,_Chéék ééte o : 6 nos.

--CulQéfﬁ; o : 6 nos.

- Spiiiwé?' ' _ _ : 5 nos.

r’—p#b? o . R nos..

3.2 Mountainside main canal (with Pedro Plain)

(1) VCanal type_ BRI : -Trapezoidal concréte_lined canal
(2) Design discharge & 1.44-0.59 m3/s (5.12- 0.59 m3/s)
{3) canal length . 8.8 km

(4) Related structures

- ‘Purnout. : . 13 nos.
. — Chegk gaté‘.' | 6 nos.
 € Culvert & nos.
F‘Spiilway ' 2 nos..
- Croséjéréin 4 nos.
. Roads =
‘471 Length of main'xoad = . . : 25.5 km
.412 :Léhgth-bffsecéndary fdad : .25,2'km '
-4{37 Length of farm road __. .. 64.0 ki
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5.

6.

7.

i0.

11.

(Black River Left Bank Area)

Gross Irrigable Aréé
Net Irrigable Area
Seéondary_Canql
7.1 canal fype
?.2_ Design discharge
7.3 cCanal length '
7.4 Related structure

~ Turnout

- Check gate

- Culvert

~- $pillway’

- Brop

. Black River Ieft Pump Station

8.1 Type of .pump

8.2 Diameter
Pump capacity
8.4 Capacity of power unit

8.5 Number of pump sets

Main Drainage Canal
9.1 Canal type

9.2 Design diécharge
9.3 (anal length

9.4 Drainage culvert
Length of Seéondary Farm Road

On-farm Devélopment_
11.1 Area of on-farm development
11.2 Trrigation facility

(1) Canal type

1,200 ha
920 ha =
‘prapezoiddl concrdte liﬁealcéhal.

1 0.57 ~ 0.03 m3/s
12,3 km

+-

‘25 nos.

12 nos.

Inciine axia1'flqw'dribéh_by'—
diesel engine
: 800 mm
T 90 m/min
110 BS

5 sets

s 'Trapezoidai earth canal .
1 8.70 < 0.62 m3/s.
1721 km

9 nos;'
27.3 %m

920 ha

: Trapezoidal sdil—cement lined canai

{2} TLength of tertiary'canal_: 7.4 ¥m

(3} Length of farm ditch

46.0 km
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'_3(4): Relaﬁed structure
: -; Division hox
. f'Culvertrqf tertiary canal
 1113 -ﬁ£aina§e'faciiity
B fl) Caﬁél'type.

_{2) :ﬂéngﬁh'of'iateral drainage ‘canal

(3); Leﬁgth Qf-farm'drain_

- (4)  Drain check

12. Length of Black River Left-Dike

J - 29

+ 230 nos.

46 nos.

Trapezoidal earth canal
46.0 km
193.2 km

46 nos.

2.3 km



5.
6.

7. Secondary Canal (wifh Pedré Plain)

9.

lo.

1.

{Broad River Right Bank Area)

Gross Irrigable Area

Net Irrigablé Area

7.1 Canal type
7.2 Design discharge

7.3 cCcanal length

7.4 Related structure

Turnout

Check gate

Culvert

!

!

Spillway

Broad River Right Pump Station

8.1 Type of pump

8.2 Dianeter

s

1.

8.3 Design discharge per one unit

8.4 Capacity of power unit
8.5 HNumber of pump sets

Main Dréinagé Canal

9.1 Canal type

9.2 Pesign discharge

9.3 Canal length

9.4 Dbrainage culvert

iength of Secondary Farm Road
{(with Pedro Plain)

On-farm Development

11.1 Area of on-farm development

11.2 Irrigation. facility

{1 Cahal type

(2)  Length of tertiary canal

" {3) Length of farm ditch"

1,000 ha

800 ha : o

TrapéZdiaélhcﬁﬁqfété;iiﬁgdfcahal
0.41-0.16 w3/s (0.98~ 0:16 m3/s)
3.1 km (5.5 km) i er

nos. {9 nos.).
nos. (3 nos.)

nos. {5 nos.)

Nl N @

nos.

Inciine.aﬁiél flow dfiveﬁﬁby,-.
diesel ‘engine S o
800 mﬁ-

90 m3/min

105 5

4 sets

Trapezoidal earth canal

C6.70 - 0.88 m3/s

7.0 km

2 nos.

17.5 km {(18.9 km)
800 ha

Trapezoidal soil cement_linéd,canal
6.4 km o . '
40.0 km
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12.

13.

(4) - Related- structure -

-~ bivision box

- Culvert of tertiary canal

ii)B.'Dfainage'facility
.' 1) canal type |

(2). Length of lateral drainage canal

(3}':Leﬂgth of farm drain
{4Y  Drain check

Length of Broad River Right Dike

Santa Cruz (North) Cateh Drain
13;1 .Catch drain'length _
i3,é “Relatéd‘3£ructure '

- —.Cﬁiveft .

- Drainage culvert

- 31

200 nos.

40 nos.

Frapezoidal sarth canal

- '40.0 km

168.0 km

40 nos.

5.7 km

4.0 km

3 nos.

1 nos.



(Broad River Left Bank'Area}'f

5. Gross'Irriqable'Area ';'_I,OQO.ha.
6. Net Irrigable Area S :. 800 ha

7. Secoﬁdary'canal (with Pedro Plain)

7.1 Canal type SR Traﬁétﬁidél=ébﬁcrete lined canal
7.2 Design discharge . : 0,32 = 0.15 m3/s SR
7.3 <Canal length t 5.1 km {6.6 km)

7.4 Related stchture

- Turﬁéut : 4 nos;_{S:pos-)"
- Check gate : 1 nos. (2 noé,)

- Culvert . 1 5.HOS;”

- Spillway s ' : 1 nos. (2 nos.)

8. Broad River Left Pump Station

8.1 Type of pump : Incline axiél'flow:drivéﬁ by
: diesel engine ’ '
8.2 Diameter . 800 mm |
Design discharge per one unit : 90 m3/min
Capacity'of power unit : lObrPS
8.5 Number of pump sets L3 sets

9. Main Drainage Canal

9.1 Ccanal type B Trapezoidal.eafth canal

9.2 Design discharge : 5,00 - 0.50 m3/s
9.3 Canal length ;8.2 km
9.4 Drainage. culvert : 3 nos.

10. Tength of Secondary Farm Road . 19.2 kam (20.7 km)
{(with Pedro Plain) .

11. On—férm Development

11,1 Avea of on—farm developﬁent : 800 ha

ll.2IIrrigation facilityf 
(1) <cCanal type :  Trapezoidal soil:cement'lihédﬁcénal.j
(2) hength of tertiary canal : 6;41km - B :
(3) Tength of farm ditch ot 40.0 kﬁ

TJ - 32



”(4).'Reiatéa étfucturé:
'~ Division Box - : . 200 nos.
- Cl.l_lv_e"rt':. of tertiary canal : 40 nos.
“11.3 Drainage facility
: (1) ‘Canal type - : : Trapezoidal earth canal
- :f(2)'_Leﬁg£h of rateral drainage canal : 40.0 km
(3) Length of farm drain : : 168.0 km
(4)-. Drain check - - . : 40 nos.
'12. Téngth of Broad River Left Dike . 5.7 km
lB;Véénta criz & Arlington Catch Drain
13.1 Length of catch drain : 13.0 km
13:2 Related structure
|  § Culvert - ' ' : 9 nos.

- Drainage culvert : : 1 no.
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 PRINCIPAL FEATURES IN ALTERNATIVE CASE STUDY

" Alternative Case

Description : Unlﬁ case l'-Cﬁse_z::CQSe;3f*-‘QQSé 1oa

Black Rivéffénd Y[S;;Riﬁér_

. Source of Irrigation Water

642

2. Gross_irrigable Area ha _ 3,880 _Z{BSO,i_¥{280_.i'_'
3. Net Irrigable Area ha- 3,080 2,280 1,480
4. Y.5. Intake Weir : s
4.1 Design discharge m3/sec 0.45.  0.45  0.45 - 0.45
5. Lacovia Pump Station _ 3 7 o N -
5.1 Design discharge mi/sec  3.42  2.27 112 5,12
5.2 Pump diameter fom 900 700 . 500 700
5.3 Number of pump sets set 4 3 3 6
6. Length of Main Irrigation _ : -
Canal km 17,2 8.4 8.4 117.2
7. Length'of Secondary ) . :
Irrigation Canal km 31.6 - 30,1 21.4 © 35.5
8. Drainage Pump Station . -
8.1  Number of pump station place 4 o 3_. 2 4
8.2 Total discharge w3/sec  25.6 20.6 13.9 25,6
8.3 Punp diameter mn - 800 . :
8.4 Number of pump sets nos. 15 12 8 15
9. Length of Dikes km 28.5 22,8 17.1 285
10. Length of Main Drain Canal  km S41.2 33.0 26,0 4l.2
11. Length of Catch Drain km 19.9 4.0 o 19.9
12. on-farm Development ha 3,080 2,280 1,480 3,080
13. Length of Main Road km 35;2  - 24.8  -.16.1 35:2
" Y4. Length of Sec'ohdary Road km "83.4 46,7 8'3-.4-'
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ANNEX K

INIAND FISHERIES

1, INTRODUCTION:

i.1 ”Fiéheriésjiﬁ'Jamaice'
F1sh has been a tradltlonal staple in the Jamalcan dlet

: However, productlon of marine fish has qradually decreased as follows:

Year .. 1977 . 1978 1979 1980 - 1981 1982

Productien - 10,100 9,600 9,600 9,000 7,757 7,740
V(Metrlc ton)

_Source: F-Ao__'(-_léétﬁl)' -

“.fThds}VJamaica'has alwé&é relied on imports to supply its food
demand : FlSh 1mports exceeded the exports by J$46 2 million in 19832)
Moreover,_recent research has ehown that Jamaica's fishing grounds are
_at or near thelr optlmal productlon level and it 1s expected that
_ marlne tlsh landlngs w111 1ncrease only if the fishing act1v1ty ‘develops
: on d;stant fleh;ng'grounds in front of_end.managed by other countries.
_ o Unaer fﬁese:circemerahees, Jamaica has turned to'the aeveiopment
.of équaculture-ﬁy'teking edvaﬁtage of the blessed natural Condirions
in the 1sland VAtibresent, the follbwing'aquaculture ventures are

go;ng on:

1. Mangrove oyster, Crassostrea rhizophorae, culture,

2. pond culture of Tilapia nilotica, which is one of the main
*Iaétivities of the Inland Pisheries Unit (hereinafter called

"IFG“}, has peen satisfactorily commercialized in the island.

3. rFarming of freshwater shrimp, Macrobrachium rosenbergii.

1), 2).: 'see References



1.2 1Inland Fisheries in Jamaica

The Inlana.Fisﬁeries Unit {(IFU) in the.Miﬁistry'eflhéfleultufel'
was established in 1977 to develop“ihland fisheriee in theliSland;
According to IFU (1983)3)} the main functions.ef_the Aquaeulturet:jji
pivision are: ' ' T

L. Research,_ o _ o 4
2. Training of farmers and technicallpersenﬁelalﬁ'
3. Extension, “and ' ' ' _

4. Some tlngelllng productlon to stock and serve the
‘new fish farmers ponds o
Since natural conditions are suitable -for addaéﬁltute Ventufeé
in the island, some symp051um5 ‘have been held to con81der the p0351b111ty
4) ,5 : ' :
of undertaklng aquaculture ventures. in the island Vs ).Q The present maln

venture in freshwater culturé in the lsland 15 the pond culture of -
Tilapia and Macrobrachium.

Tilapia culture has been'sﬂdcéséfully carried oﬁt'by'the'privété'
segtor, and has been one of the maln objectlves ‘of IFU act1v1tles.

The present status (1982) of Tllapla farmlng is ag follows (IFU 1983) )

Subsistence Commercial._ _.Total:

1. No. of farmers 102 : 72 174
2. Area ha (acre) 1.2 (3.0) = 78.3 (193.4) 79.5 (196.4)

3y, 4, 5):_ see References



Annual productnon of Tilapia in the publlo and prlvate sectors

is as follows

~ Unit: Metric ton (103 1bs)

véar' °  Public Sector . Private Sector Total
19801/-_ 6.9 (15.2)  13.3 { 29.5) 20,2 ( 44.7)
1981 /;- 7.4 (16.3) 24,9 ( 55.0)  32.3 ( 71.3)

1082 23.2 (51.2) 106.3 (234.7)  129.5 (285.9)
_;983~/ : - =) - ) 139.9 (308.8)

Remarks : A/t ' After Cooke and’ Moo Younq (1982) )

2/t after IFU (1983)3}

L Aquaculture of freshwater shrimp, Maoxobrachlum rosenbergii, had

beer started in 1970's at Ferrls Croas,‘Westmorland, ‘and Elim,

5t Ellzabeth However, these two attempts were unsucceesful because

of the pollutlon from the nearby factorv and of the dlfflculty of leasing
the land{ (A pOTlCY for development of aquaculture in Jamalca, FAO, 1983).
.At'preseut BRUMDEC, whlcu started commercial freshwater shrimp culture

in July 1983, produced 1, 812 kg (4,000 1bs) of freshwater shrimps in

two months of 1984, and thelr goal is 4,530 kg (10,000 1bs) has been

offerlng_foxrsale-posp larvae of M. rosenbergii.

1.3 The Project Area

e;The_project area covers about 11,450 ha gross including a swamp
'ofraﬁprOximatelye6,850 ha which is the largest freshwater swamp in Jamaica
representinq about 56% of the total swamp rosources. Fishing activities
have_been developed in the project area to take advantage of swamp

conditions.

3), 6): see'Refereuces



1.4 -Purpose and _Scope

The present atudy was undertaken as an ad]unct to Lhe Agltcultura]

Development'Project on the Blapk.Rlver aner.Moraos The objeots of

the study were:

of the

1. to appraise the- 1mpact of the agrlcultulal develOPment

pLOJeCL on the 1nland f15her1es~iand

2. to foimilate a- potentlal development plan for 1nland .

flsherles in the pro;ect area.

TO achleve thcse objectlves, the study was ‘made w1th1n the Scopej
follow1ng aspects: o o
1. To understand the ex1st1ng conditions of 1nland fleherles

in the progect area (Chapter 2),

2, To apprdlse the potentlal 1mpacts of ‘the agrlcultural

development prOJect (Chapter 3. l),

_ 3. To appraise the potentlal 1mpacts of the peat mlnlng project

(Chapter 3.2);
4. To examine the effective use of post peat mihiﬁg“lakés' 
(Chapter'4.l); and ' '

To discuss the prdépeqtive plan of fisherieé'dé&eioéméhf -

[S3]

in the project area. (Chapter 4.2).



2. EXISTING LONDITTON OP INLAND FIGHERIES IN THE PROJECT AREA

2 l SOClO economlc Condltlons

A SOClO economlc survey was conducted amongst flshermen and,
'vendors 11v1ng in the. prOJect area Shrimps are mainly of commerc1al
" importande. "Fishermen" in this section means shrimp fishérmen usually

and "Vendors" means shrimp vendors. -
2.1.1 Fishermen

A total of 46 fishermen were interviewed with quéstionnaires.
The;iﬁtervieﬁs Were.carried'out at"5 places in the project area (Areas

A to E 1n Flg K- 1) The catéh and income of a fisherman are summarized

as. follows.

Raihy season Dry. season
1':-'_-baiiy-c'atch‘:_(k'g;"ibfs} S 2usy sy {0.7: 1.5)
2.. _Uh_it'-pr'i_ée (J$/kg: J$/1b) {(11.3; 5.1) (13.0; 5.9)
3. Monthly inéoime (J$)
e ._:a;st;ainea from' interviews' © 500 ' 258
w ";::aic:ala;tea o : 650 220
4. Monthly catch (Kg, _1bs;~2-/ _ L {57.6; 128) (17.1; 38)
5. Monthsé/ o : :__ . 4 ; ' 8
6. AnnUal:ngss{iﬁeqﬁe (3$) _ . 4,360,
7. Annual catch (kg: 1bs) _ (337; 816)
' 1/_.2 Baéedfcn itemé“l_and 2 fér ohe_moﬁth to.be'25 days.
2/ - Based on item 1 for one month to ba 25 days.”

3/ Refer to Annex A.



Accord:ng ko tho 1nLerv1ews Wth flSAormen, Lhe follow1ng number

of fishoxmen are engaged in each arca

“of Fishermen:

Area SRR o No.

'Frégbhman and 8lipe- .. BT 150
Cataboo - _ 5Q_€
Middle Quarters - o . 500
Burnt Savanna : _ 1o

Potal o e

The anmial gross valpé'of-shximp:caﬁéh in'thé'perééﬁfaﬁéa"is'thus'
cstimated to be approximately J$1.1 million and the annual catch'ih_thé :

project area to be about 90 tonS'(Zlo,Ooollbs).

'Thele are two 1mportant flshlng 1mplements flSh traps of pots
wmade of bamboo and/or w1ld cane, and canoes of cotton tree. The average
nunbeyr of pots posgessed-by a flsherman 15 73, and the cost avelages '

J$3.2. The uveful life of a pot is one year, nd a flsherman X annual

expenditure is J$234. Thlrty three flshermen.(iE% Of 1nterv1ewers)
possess their own cances. The coqt averages J$200 ranglng from J$7O to
J$500. Assuming 1.5-year of useful life for a canoe, the annual depre01—

ation cost is about J$133.

As for fishermen with suL51d1ary agrlcultural farmlng,.(ll in
number, 24% of 1ntexv1ewees) their annual 1ncome derlved from flshlng
activities averages J$3 720 which COVlespondS to about 80% of - the total

_1nueme, about J%4, 700, Thus,_ he annual gross value of the Shrlmp
industry ln the preject area is estlmated to'be in. excess of I8, 000 OOO
‘orrpsvondwnq to anploxlmately 3.3% of the domestlc product OF- flshlng
in 1983 1). The shrimp industry in the pxoject area is of. 1mportance not
only for the socio- economie base in the axea Dut An’helping ko meet the
island’s food requirements. “Thus, it must he StllCtly prctec;ed from

all esternal impacts.

1): see Reference
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 2 1 2 Vendors. :

- _ ‘AN 1nterv1ew survey was carried out in three villages; Frenchman,
Cataboo and Mlddle Quarters.' Sixteen vendors were interviewed. The
parched thlmps are sold Lo éar drlvers, passers- by, v1sltors, etc. on

'_ the. hlghway in and alound Mlddle Quarters. In addition, considerable

amounts Qf_shrlmps are-sold to the commercial centers in the iéland.

The'follbwinq'tablefshOWS,the markets of vendors interviewed.

:Market place . No. of vendors

Highway in Middle Quarters
Kingston

‘Mandeville

5
3
3
Oché Ries -« - 2
"'Méhtééq Bay 2

: i

"Santa Cruz

. Total : 16

2.2_FBi016qiédl Survey
2. 2 1 Plshes

The 1n£ormat10n of flshes was collected by means of interviews wlth
' fishéfméh'and visits to the Black River Town Fish Market and canoce bases.

_ Table K-1 shows the list ‘of fishes which were recorded from the
Lower Morass. . About 40 spéciﬁs have been known to occur in the Morass.

Wlth the except*on of two freshwater spe01es, Gambusia affinis and the

lntroduced Tllapla mossamblca, all of the” spec1es found are those of marine

‘and bracklshwater.

_ B At present commer01al fln flsh flshery is scarcely practlsed
'ln the Droject area. Out of 46 shrlmp flshermen 1nterv1ewed 6 possess

_13 to 10 wire pots for harvestlng £1sh and sometlmes small fishes such

'as Dormltator maculatus, gOblld flSh and Tllapla mossablca are caught

by shrlmp pots. Fishes caught by fishermen are mostly for seli-
:  conSumpt1on. wWhen large fishes, e.g., Magalops atlanticus, mugilid fish

and'snéppérs, are’ caught, they are sold in fish markets,



2.2.2 Shrimps _

Accordtng to Hunte (1978) ) the dlstrlbutlon of flshwater Shllmp

is under the -high and low qradtent oondltlona of streamb.  The Blaok
River Basnn falls into the low-gradient stream category; In Lhe Blaok

River Basin at least the. followlng 7 spe01es of treshwater shrrmps have

been known to ogcur: -

Family . - Specles ~Gomﬁon'ﬁémé5f
Palaemonidae : Macrobrachlum acanthurus B shrlmp
M. car01nus":' R oray flsh"
gl_faustlnam 71' N orabonanny
Atyidae Jonga serei

Potimirimn mékican'
Xlghocarls elongata
.Source : Hunte (1978)

1} Distribﬁtionj
The dlstrlbutlon of adult freshwater shrlmo 1n the pro;ect area

was confirmed by ‘interviews with flshermen. A dip- net survey was carrled

out for 3uven11es at 5 sltes along the Black Rlver (Plg K—l)

Accordlng to the 1nterv1ews, ‘the flshlng ground 1s concentrated
in the swamp in the western part of the progect area (Flo. K—2) In
‘the Broad Rlver fishing act1v1t1es are practlced not in: the swamp bt -

in the river,

A total oE 146 juvenlle shrlmps were collected by a dlp netwﬂ.

survey under the water nyacmnth As shown 1n Flg. K~3- Varlous 51zed
juvenlle shrlmps are dlstrlbutod all over the rlver regardless of the
upper and lower streams ThlS suggests that the rlver 1s an 1mportant
nursery for prerecrultment shrlmp. Tn addltlon, water hyac1nth pr0V1des?'

a sultab1e habltat for juvenlle shrlmps



R 2).?Sbécies,éémpositibn

The specles composltlon was examlned on the ba31s of 569 ahrlmps.

'The number of shrtmpq collected in each col]ectlng station is qhown

-by each collectlng date as follows-

S

COilééfiﬁ§:S£é£16h"ﬁ. _ Coilécting.Date Sept. i8, 1§84 Oct. 15, 1984
.Prenchman (A in Fig. K—l) 186‘ . 105
Cataboo m ”95_ 103
.Mlddle Quarters (C) 41 -
 Farbas (8) .38 T
- Subtotal el 208 _
Total 569

Three freshwater shrlmp 89901es of the genus Macrobrachlum, M.

acanthurus, M. carc1nus and M. faustlnum, ‘were found in fishermen's

.catch The blologlca] characterlstlcs of these
rev1ewed and summarlzed in Table K-2. Fig. K-4
_ COMpOSltlon examlned ~Ain Whlch M. acanthurus is
comprlslng well over. 90%: of the catch (93 6% in
93.8% .in Oct 16, 1984) ' This’ sugqest% that M.

most’ commer01a1 1mp0rtance in the pr03ect area.

three species are
shows. the species
the dominant species,

Sept. 18, 1984 and

acanthurus is of the

3) SiZé"comPOSition of Macrdbrachium acanthurus

The size comp031tlon of M. acanthurus caught by fishermen is-

shown in Flg K-5. The size ranges from 47 mm to 144 wmm in total length

(TL) in Sept 18 and from 48 mm to 153 mm in Oct. 16. Each histogram is

_blmodal, which 1nd1cates the_presence of a bioclogical characteristic

iﬁrthefSpecie$, e}g.,ﬂsexﬁal_difference'of_growth. “ The-bioleogical

minimum size (BMS)'of7the species is confirmed. to be 59 mm TL in Sept.

- 18 and 48 mn TLin Oct. 16.. The number of inaividuals smaller than the

BMQ is. 29 {8, 6SL of the total number) 1n Sept:. 18, and in Oct. 16 no

:Speq1men_g§ Conflrmed to be smaller than-BMS (Fig. X-5). Holthuis 1980

8)

8): sece Réfétehcé'



condltlon suggests that no mlnlaturlzatlon ol body slre occurs 1n

the species (cf., Flg Kw_ and Table Kw?)

In conclu51on, the results of SlZe composxtlon studles of

Macrobrachlum acanthurus lndlcateithat-the spec;es_;s not at'present

exposed Lo ever~fi$hing.

2.3 Eﬁvironmentai Survéy

2.3.1 Water resourdésf

1) Water quantlty

_ The Black Rlver and aqulfels prov1de an’ ample supply of water 1n
the pr03ect area. ”The water in swamp in the progect area is approx1mately

20 - 3D'cm in depth'in the rainy’ season, whlle less.ln~the dry-season.m.

2} Water quallty

The water quallty analy31s was’ made at several sta ons 1n the -

project area (Flg K~6). The results” are summarlzed in Table 'VﬁThe_ﬁ

water quallty standard ror flshery and water quallty standard'for

fishery env1r0nment", both of whxch were establlshed by Japan'Plshery
Resources Conservatlon Corporatlon 1n 1965 and 1972 Vrespectlvely, are

also tabulated 1n Table . K~3 for comparlson The present state of water

quallty in the progect area can’ be evaluated s fOllOWS‘T *¥

a. Cop shows the excess1ve value in all rlvers.-'This_iﬁdicates

- the rivers to be - eutrophlc condltlon.?ff

b. -DO shows a marglnal level to support flsherles resources.

DO is sen51t1ve to the chanqe of other factors,_

.nutrlents and COD. : This 1ndlcates a: neod to: monltor‘or e

totally av01d 1mpacts whlch would cause any reduetle'ﬂln DO.-

. _The value of Ss is (at tlmes) rather hlgh 1n the Black Rlver:
Y.S. Rlver and Mlddle Quarters Rlver. Accordlng to EIPAC
(European Inland Flsherles Adv1sory Comm1551on), the effecL

of. S8 on flshlng act1v1t1es is expected as follows..”°m“'

. K.~ 10



S8 (ppm).” S fr' - Effect

:~25 L 'No effect on flshlnq actlvrtles:_
"fggll_éb C 'Sllght effect but no problem
| SO:; 400_ _'i Poor fishlng activities
-;“?406 o No fishing'activities

tTﬁeﬁﬁeloe:ef*SS“ioieach riﬁer is jodged to be no_problem for
1fi$ﬁihg-':' S : .

d. Wutrients, phosphates and nitrates are relatively high in all
Jrlvers except for the Broad River, as compared with the
ptabulated standards* Nutrients are expected ‘Yo cause eutrophic
"condltlons, reeultlng in adverse impacts on the natural

o resources 1f exce551ve caee.

| [ BODjaﬁd'pH are. con51dered to be in. the des1rable range in
.;1'ellfrlvérel

L These results 1nd1cate that the water quality in the prOJect area
1¢ not beyond the advrsable llmltS for fishing activities. The results
of a v1eual survey of the *ransparency and “colour of each river carried
.-out at 9. Statlons (Flg K— ) support this conclusion. . Although the
'Black Rlver was, found to be the most polluted river in comparlson w1th
_the others, all rlvers were expected to be approprlate for fishing.
Slnce ln all cases the transparency was greater than 30 cm whlch is
;generally thought ‘to be the desrrable minimum for flShlng . The results

of’ Lhe survey are tabulated in Table K-4.
'? 3 2 Blology
The complex ‘eco- system of the prOJect area is dnscrlbed in Annex 1.

The follow1ng aquatlc plant a55001atlons offer a qoo& shelter, feedlng

grounds and habltat zor flsh and shrlmp

L 'l.":Water hyacrnth (Elchnornla cra551pes)

-;'2; Sawgraeses (Cladlum jamalcense and Rhynchospora sp. )

_3. ‘Giant graes (Typha angustlfolla)

4. Swamp forest composed of many vegetations.
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3. IMPACTS OF FUTURE DEVELOPMENT PLANS ON
INLAND FISHERIES IN THF PROJECT. AREA

3.1 Agricultural.Development Prb3ect v

3 1.1 Pro;ect descrlptlon

Of the pro;ect area coverlng about ll 450 ha, the area proposedl

for agrlcultural developmcnt is a mahlmum of 3 880 ha grosé;;;h”ﬂn;ﬁ-f:

Art1f1c1a1 dlkes w111 be constructed along both srdes of the Black andn_:
Broad Rivers for protectlng the area from lood Two 1rr1gatlon pump

statlons, Y. S, WElr and four dralnage pump statlons are to be establlshed

for 11rlgat10n and dlalnage.

3.1.2 Conqtruction'phase

The probable 1mpacts of constructlon phase in the pro;ect on the

inland flsherles resources are summarlzed as follows:'”" e

'~ Decrease of SWamps (Il in'Table K—S)

Increase of“suspended SOlldS (12)
-~ Increase of'tulbldlty (I3)
‘—'Increase:of;colour (14)

- Increase of petroleum pollutlon (IS)

“The proposed agrlculturai development pr03ect covers the eastern'“

part of the PIO]ECL area (Cl’ in Table K—S) ThlS suggﬂ“ 'Ethat there
w1ll not be any . 1ess serlous 1mpacts from the decrease of swamps on

- inland: flshery resources, because the dlstrlbutlon of sh“lmp lS

concentrated on the western part of the prO]eCt area and flSh are ﬁf=“*
_ alstrlbuted 1n the rivers (Flg. K-2) FrenchmanHHollday Pen and the
Broad Rlver areas are competltlve between shrlmo dlstrlbutlon and the

proposed progect Frenchman HOllddY Pen area 1s not rlchly populated by

ehrlmp, but there is one. of Lhe most 1mportant canoe bases:'

On the other hand dlstrlbutlon of Shrlmp 1n the Broad Rlver ls not
concentrated 1n the swamp but in’ the rlver. However, becauee the -
.follow1ng con31derat10ns are to be taken w1th regard to the 1mplemene'f'

'_tatlon of the prOJect _no 1mpact 1s expected to arlse on these two

matters-
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'fcaséfi A channel (the Prenchman Rlver) 15 to be

"’Lretalned Erom Frenchman canoe base to the Black Rlver For
e;”secuvlng the pas age of Cdnoes, and a ”canoe 1iEt" prOVlded.

‘f;for llftnng canoes over Lhe dike will be prOVlded

V“CaSe‘Z:- If Case 1 is not adopted, . the canoe base will be
eetabllshed in the Black River. at the 3unot10n of the Black .

cflever and the Frenchman Rlver.

'fb;:?ATreeeoneble distence (about“?OO.m) is to be kept between .
';if;the:éikee:oﬁ}bothﬁeiﬁee'of the Broad River.’ This distance
é-ieroonsi&eféé tQ béiégbﬁgﬁ“tb eneple.fishiné aotivitiee

='-".rih__-i_:.faie_a'-_"J‘fi§'r'ei"_'jt'_o be oohtihued.~ |
L When dikeeefCZVEnefablgjgﬁs), roaés”(c3)-and eenals,(C4)-are
Vconstructed ehd:tﬁe°reoieﬁetioh'(05).ie carried out -Ehe'sﬁépendea
isollds-(IZ) are. expected to 1ncrease, which would cause the secondary
':iﬁéféaéé-éf turbldlty (13) and ‘colour (14). These operatlons w1ll be
accompanled by an . 1ncrease in petroleum pollutlon (I5}, resultlng in

';adverse effects on the water quallty Because these 1mpacts would

. remaln for a long tlme, these are not. 50 serlous. HoWever, it

Sisl recommended that the operatlons musk be carefully performed so that

: thenxefteots_mayxbe_avoided %f net eliminated.

| 3.1.3 operation phase

| ”ﬂ_&itﬁithe cOmmenceeent of agrlcultural act1v1t1es, the follow1nq
: mettets-eie‘expected to be changed.,'

1.—.1ecrease in outflow in ralny eeason (16 in Table K~5}

.Jé-Decrease in outflow in ory season (17)

'_1%fIntruslon of sea witer (18)

j.-':.[11'_’the ralny season the 1ncrease in outflow (I6 in Table K-5)

caused by the dralnage (Ol) is expected to result in p051t1ve beneflclal

'_feffects for 1nland flsherles resources.e In the dry season, on the

o.other hand, ‘a decrease of water flow (I7) is llkely to arise through

_.the 1rrlgat10n act1v1t1es (02) The decrease in river flow in dry

.'”i“season WOuld result in thé 1ntru51on of salt water (I8) Lnto the river

K.o-13



“and Swamp,r However, the - 1mpacts of decrease of water flow andrsalt _
it 5 of Lhe .

ater 1ntrusron would not be cr1t10a1°_ The probaolc effén

constructlon angd operatlon phascs of the proposed agrlcultural

development pleect on flshelles resources are summargzed and

tabulated 1n Table K-5.

3.1. 4 Agrlcultural chemlcals L

_.In the’ proposed agrlcultural prOJect, nltrogen, pho phate-aﬁd 3

potash are applled (for detalled des1gn, see Annex G) A lltfle outflow

of these fertlllzers 1nto the rlver and swamp may be unav01dable._f:'
This would Jncrease EUtrOpth COﬂdlthnS of the rlver and swamp '
Eutrophlc Condltlons are favorable for 1n1and flsherles resources from

the v1ewP01nt cf the blomass productlon, though the excessrve eutrophlc

condltlon would lead to the decrease of DO and 1ncrease of;BOD and COD,,
which would be - adverse effects on the resources Careful managcment

must - be éxercised: when these chemlcals are applled

Because shrlmps are con51dered to be more sen51t1ve to herbloldes

and Uestlcldes in’ comparlson w1th flsh and other aquatlc aflmal ,?itﬁf:'
is necessary to select’ approprlate chemloals whlch are free from effect
on shrlmp ' The follow1ng table shows the ranklng of agrlcultural o

chémicals and tox101t1 to aquatlc anlmals as establlshed by Japanese

Mlnlstry of Agrlculture, Forestry and Flshery"f

Class. -~ . "Remafké; ehd';’{ia’lue:’_d'f:"'ri;fnﬁ/'“" L

A No problem of t0x1c1ty under usual method of app Carp,_n
over 10 ppm; Zoo—plankton,'over 10 ppm. ) R a

B “Little effect under usual method of app Take specral pren3:
caution in app. on a wide scale at the same tlme 'Carp,aa:_.'
10- 0 5 ppm._ Take spec1al care of B~s An'B class ) '

C Do not-use where there is a p0581b111ty of applled chemlcals
_;reachlng rlvers and lakes.; Carp; lsss than 0"'

- D .Do not use 1n prohlblted areas of appllcatlon Submlt request
--__for applylng w1th1n an area of 11m1ted appllcatlon._;,ak

Remarks. ' 1/: Mediam tolerated 1imit;
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As for the klnds -of agrlcultural chemlcals, 1t is de51rab1e to

_select frOm the above tabulated classes A and B

T In the proposed agrlcultural development progect 4 klnds of

*herblc1de and 4 klnds of pesthlde are to be apleed for paddy fleld

The characterxstlcs of these chemlcals are summarlzed in

uand'upland_;

_ concern:ng the 1mpacts on the aquatlc anlmals All. of the

fchemlcals applled fall’ 1nto the class A or B, pec;al care must be
exer01sed when Bentlocarb Trlchlorphon, Fenltrothlon, Mancozeb and
_Dlmethoate, Wthh are cla551f1ed as B class,_are applied.  When
‘DlaZLOn, whlch 14 B~s class, is- applled, measures must be. taken to
prevent it reachlng rlvers and swamps : Careful management 1s needed

'even in use of class A chemlcals

7 In conclu51on, there should be no serlous Ampact 'on the 1n1and
flsherles resources From- use of agrlcultural chemicals in the proposed
'agrlcultural development progect However, careful management is
'ineeded when these chemlcals are applled and it is necessary to avoid .
.jlettlng these chemlcals reach the river and swamp. The application of
la mlxture of two or ‘more chemlcals must be strlctly prohlblted gsince
) _there nay. be the, pOSSlblllty of maklng a compound which would be

 “harmful to the aquatlc life.

3 2. Peat Mlnlng Pr03ect

The most crltlcal lmpact on the pr03ect would be the decrease’
Vol shallow swamp. Because most of the peat mining area belnq proposed
is thlckly 1nhablted by shrlmp at the present the decrease in shallow
ﬁswamp would annlhllate the shrlmp flshecy in the pro;ect area (cf.,
'Flgs. K 2 and 8) Accordxng to the predlctlons of NRCD and TIG 3),
.feven 1f only part of the swamp 38 mined cach year, the deterioration
'.:of the Shrlmp 1ndustry may be lnev1tab1e. Table K-7 shows the probable
1mpacts of the peat mlnlng prOJect on wild tlsherlcs resources,

“‘As shown 1n Tab]e Kﬂ? most “of the 1mpacts would affect the w1ld

;resources adversely. " The decrease in DO would be partlcularly

"harmful even 1f not mortal to the resources, because the present DO in

'the prOJect area is already marglnal to support them.

K.~ 15



	ANNEX I　IRRIGATION
	FIGURES
	Fig. I-4 IRRIGATION NETWORKS - Y.S. INTAKE SYSTEM -
	Fig. I-5 IRRIGATION NETWORKS - LACOVIA PUMP UP SYSTEM -


	ANNEX J　PRELIMINARY DESIGN
	TABLE OF CONTENTS
	1. DRAINAGE FACILITIES
	1.1 Drainage Pump Station
	1.2 Dikes
	1.3 Catch Drain
	1.4 Drainage Canals

	2. IRRIGATION FACILITIES
	2.1 Y.S. Intake Weir
	2.1.1 Design condition
	2.1.2 Gate
	2.1.3 Spillway

	2.2 Lacovia Irrigation Pump Station
	2.2.1 Design condition
	2.2.2 Alternative study of pump type
	2.2.3 Prime mover equipment
	2.2.4 Design of bifurcation work
	2.2.5 Operation house

	2.3 Irrigation Canals

	3. ON-FARM DEVELOPMENT
	3.1 Farm Plot
	3.2 On-farm Irrigation Facilities
	3.3 Tractor Passage

	4. ROADS
	5. PRINCIPAL FEATURES
	TABLES
	Table J-1 ALTERNATIVE CASE STUDY FOR SPECIFICATIONS OF DRAINAGE PUMPS
	Table J-2 NUMBER OF STRUCTURES
	Table J-3 ALTERNATIVE CASE STUDY FOR CANAL TYPE OF FARM DITCH

	FIGURES
	Fig. J-1 SELECTION CHART OF PUMP
	Fig. J-2 VERTICAL MIXED FLOW PUMP
	Fig. J-3 INCLINED MIXED FLOW PUMP
	Fig. J-4 OPERATION HOUSE
	Fig. J-5 ON-FARM DEVELOPMENT PLAN


	ANNEX K　INLAND FISHERIES
	TABLE OF CONTENTS
	1. INTRODUCTION
	1.1 Fisheries in Jamaica
	1.2 Inland Fisheries in Jamaica
	1.3 The Project Area
	1.4 Purpose and Scope

	2. EXISTING CONDITION OF INLAND FISHERIES IN THE PROJECT AREA
	2.1 Socio-economic Conditions
	2.1.1 Fishermen
	2.1.2 Vendors

	2.2 Biological Survey
	2.2.1 Fishes
	2.2.2 Shrimps

	2.3 Environmental Survey
	2.3.1 Water resources
	2.3.2 Biology


	3. IMPACTS OF FUTURE DEVELOPMENT PLANS ON INLAND FISHERIES IN THE PROJECT AREA
	3.1 Agricultural Development Project
	3.1.1 Project description
	3.1.2 Construction phase
	3.1.3 Operation phase
	3.1.4 Agricultural chemicals

	3.2 Peat Mining Project



