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Lambeau Hill KEEHE (Lambeau Hill Water Project)

85  EDF (EEC)

R YERE e

® R US$750,000

P& boSTH Lambeau Hill EKEALET 2,
FUSSy b BTG ()

(Tl_"ih_idad and Tobago Water -Suﬁlly Project)

WET 730%

WM 184 H

% H - T.FR. 374,700,000

1. Master Plan

2, Point Fortin

* Updating & Supervision : 3.8
- Supply & Construction ' ' - 1014
- Pumping Station 14

3. Richmond Hill Scheme

* Dasgign | 12.3

* Dam- - 124,5°

+ Treatment Plant 211

. Pumping Station 8; 7

* Pipeline | 69,8

* Supervision _ - 6.8

1TT$ = 1.5 FF
1US$ =4.2 TT%

%50 —_

“Million FRTF
12,9

112, 6
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| 8. Financial, Institutic’mal and Management Studies =LA A
_ 9.. Pr.epar.at:ioh. of the Construction Phase - - 1.547H
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R Interim Repor.t No. 2 : —12 | A H %
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i & WASA, The Water system balance in Trinidad
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KA1 WASABEE B (WLIR & 4545 i)

L - ' Excess Total
Department (QUZE D) (AWAED Total after after
Unlt{ S Total Ex- after Options Phases
Section : -Existing cess Phase I Phase 11 I & 1I

- {19905 (19915 )
Oparations & '

Haintenance 2393 349 2244 164 1780
Wastewaker 303 24 279 52 227
Quality Control 37 - 37 - 41
" Water Resources . :
Ageney : 83 - 83 12 71
Internal Audit 15 - 15 - 13
Directorate o 19 .- 10 - 11
Sgcretariat 2 - 2 - 2
Personnel 120 24 95 .19 17
Legal - c 4 - 4 . . 5
Safety .0 - 1 - 1 - 4
Stores & Supplies 23 32 91 16 75
Commercial = 130 19 111 - 111
Expenditure 93 20 73 28 ' 45
Costing = . T 11 6 6 -
E.D.P. 22 - 22 - 22
Hajor Maintenance 203 54 149 70 79
“Planning 3 - 6 - G
Public Relations 19 - 15 - g
- Engineering Adnin. 3 1 13 - 13
Budget: : 19 8 11 2 9
- Security 178 - 178 - 178
" Invesk. .& Design §9 15 54 12 42
Registry 15 - 15 - . 15
itajor Projects 9 4 5 - 5
Transport 402 107 295 255 490
Office Services & : '
Property #'tce 54 - 52 22 - 30
Construction 198 134 64 - 54%
-DBoard & Committees 3 - 3 - 4
(Uuostablished Poubs)
Operations & H'tce 224 224 - ST -
TOLAL . 4963 10206 3339 ' 958 2830

% 10 already rédeployéd to Tobago for maintenance wgrk.
"~ (Construction work te be carried out as and when required.)

Ml Report On Self Sufficient WASA-1991
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£d—2 WASATHHES (MAKONI) (1987~19894)

SUMMARY OF INCOME AND EXPENDITURE (A - W HY)

Sub. _ . 1088
head Description 1687 1088 - I{oﬂmd 1589
Ttero Actual Estimntes Estimatea Estimatea
No. .
s 'y $ %
Incows 110,052,53'2 142,800,356) 134,080,008 143,560,365
Expenditurs 281,120,060] 261,128,174 232.394.293 234,850,365
Operating Doficit 17L057,227] 117,235,800 98,808,237 1,000,000
Daprociation 38,276,107 31.909,690 36,000,006 36,000,000
Cash Deficit 134,781,080 83.236.819 L _62.308.237 56.000_.500 !
Govorament Losn 134,208,353 | 502358100 62,808,237 66,000,000
{Unfinsused Doficit)/Cash Surplue (72,70 — — —
#4 -3 WASAOTF IR (FHPIR) (1987~1989)
' SUMMARY OF EXPENDITURE' CHNEI
1o 1988
Doseription Actual 1988 Raovised 1389 ‘1989
Exponditure Es_bimabes' Eetimntos Estiraatos Revised
5 s s s s
Personnel Expenditure 163.671,607] 150,744,208 £30,902,636{ 157,;76,5}9 115, 776, 540
Saluries and Cost of Living Allewances® -81,535,404 75,?41._305 0.8,107,1'.1'5 . 62,9;1,1]8 61,367,175
Wages and Cost of Living Allowazces 60,853,649]  52,239,256] 47,016,330 . 47,016,330 '4_2,315. 230
Dvertimo saanes| 16,404,008 o000  5a56.404| 5755464
Allowansos ' 3;553,52:4 3,688,700 3,070,400 3,070,400] 3,070,410
Contribution to Nutional Insurance Schomo 3,200,679 3,?7();248 3,220,685 :s,zﬁo.e_ab 3,220,685
Reiouncrotion to Doazd Members ... — - 51'7,43'0 47,480 47,486
Vocunt Posts—Salnrics and Cost of Living Allp\rnlmea — — —_— 15,2‘20,069 -
Goods and Services ... 70619.300]  06,624,120] "54.9§e,§4i' 60,659.891] 60,659, 891
Minor Equipment Purchases 71s,89) 1,596,320 .611.341 700,000 700,000
Current Transfcr_s and Subsidies 46,113,963] - 42,161,529 46,382,369 4;_253,924 4§,é53- 924
ToTaL 251,126,059 281,126,1741 232,894,203 234,800,355 223,390,355
AT © WASA

gg -



A~ 4 T9RUERATINH (ST

ESTIMATES 1989

ANTCOME

Doscription

Trinidad Tobsgo Total
$ 3 s
Water Income -
Motsrod Suppliss ... . . . — — —
Unmsterod SIupplim? (A1) 108,635,002 2,640,301 112,284,453
Otk.mr“’nm: Inc.xome {Bulk Salee to Foderation Chemicals, Trinidad Cement, ate) . 18,008,783] . — 18,048,763
ToTAL .W'u'm INOQUE ... . 126,701,828 3,849,301] 130,361,214
Seweraée i;.ncome
Iut&'mSewmg; Connection - . 34,650 —_ 34,850
Sow‘erﬂgﬁ‘ Rntba e . ™ N 13,456,478 — 13,468,478
" Other Sawomge 1‘!:‘!0‘0!::&;&%!0 of Effucnt to Trintoe, Poinl..-.a-l’.iorro C e eeees 20,000 : —_— 20,000
Othor Soworege Inoome—(Disposal of Faocal Matter) ... sson| — 28,011
. Toran Sz.wr.nA.cx. Incoue 13,639,139 — 13,639,119
. Gerarnp Toran .. - . “ 140,240,964 3,840,391

143,560,365

— 67_
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13.
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WATER SERVICES AREAS

Carenage/Diego Martin

Port of Spain and Suburbs

Bastern Main Road and adjacent areas from Port of Spairi to Arima

Arima and :ad.ja(.:ent area; Morth and East of Arima
:Séllgx'e Grandé/Manéanilla/’l‘amaria

Wa!ler‘ f‘ield"/O'Meara/Sap Raphael/'_l‘alparo/.La;Ldmas' _
Toco

Caroni_/Montserui:t

Mayaro

Rio Claro/Princes Town/Moru ga/Ponal/Fyzabad;

San Fernando

: Siparia/Erin

La Brea/Point Fortin/Cedros

North Coast _

—— ﬁgi



3

AL

13,
R %

(Hif: A)
Annua_‘L - Annual - _1
: B o Rate Of . POPULATTON Rate OF |’ ‘POPULATION
Wakteyr Area Population Growth. ] Growth
Cenasus Over 10 : . Over 10
1980 - Yra.(%) | 1985 1990 Yes (%) | 1995 2000
Disgo Martin 62,155 | 3.0 | 0% 8] har| 2.0 138381 | 28834
Part of Spatn | B9, 664 |1.8/-1.3 g9,2z21| 88,778 1.5/21.2( 88,986 | 89,195
—~1 ' St. Bacbs 6,021 1.9 2“?65351 7,681 1.9 8,367 9,093
—'z . Laventille 6,408 | 1.9 7007} T.626] 1.9 8,350 9,015
_-~é Horvant © 18,90k 1.9 20,700 22,195 1.9 24,633 26,770
—4  Picton 26,889 | 1.9 29.443| 31,998 1.9 35,038 | 38,078
-5 Baratarfa 32,603 | 1.9 35,700 38,798 1.9 k2,484 | 46,170
-6 st. Joseph 29,262 2.0 '3é_,'138 35,114 2.0 38,625 42,137
~17  Arouea. 15,943 2o | 41,537 19,32 2.0 21,085 | 22,958
-8 " Tacarigua - 15,.289 2.0 17,918 .19;5_’*7 2.0 21,502 23,456
~9  Saddle Road . | 53,351 | 2.0 | - 58,686 64,021f 2.0 70,823 | 16,825
~ 10 St. Augustine 18,976 | 2.0 20,878| 22,711 2.0 25,0481 27,325
~11 Tunapuna 1 21,636 2.0 23,800] 25,963 2.0 { 28,559| 31,156
. Arima 36,869 |5.2/-0.3|  43,322] u9,776| 5.07-0.3] ~ 59,292 | 68,809
Sangre Grande | 43,565 | 1.4 16,615 dg,664| 1.4 | 53,140} 56,617
. Mallerfield 18,673 | 5.2 23,528| 28,383| 5.0 | 35,473} 12,575
Toco 6,569 | -1.5 6,076) 5,584 1.5 5,165 4,746
-1 caroni 6,690 3.3 7.794| 8,898 3.0 10,233 F 11,567
~2 ° Cunupla 43,103 3.3 50,215| 57,327 3.0 65,926 | 14,525
—3  Chaguanas 50,291 2.7 57,080] 63,870] 2.5 71,854 | 79,838
—4 " Couva 50,4721 2.7 57,286| 64,099 5.0 80,124 | 96,149
- “Mayaro 9,621 | 1.0 10,102 10,583 1.0 1z ] 1,68
<1 Areh Trace 15,896 | 1.2 us,6s0{ 51,408 |. 1.2 | 54,488 | 57,572
“2 . princes Town 43,102 | 1.8 “kg,981) 50,860 1.7 55,183 1 59,506
~3'  Barrackpore uy, 696 1.7 y7,822| '51,569 1.6 55,604 1 59,820
~4 . Fyzabad 51,505 | 2.0 56,755| 61,9t4] 2.0 68,105 | 74,291
—5  Paleyra 39,3061 2.0 43,237 A47,167{ 2.0 51,884 | 56,600
~6 Harabella’ 18,158" | 3.2 21,063 ] 23,989 3.0 27,564 | 31,160
San Fernando 33,90 | -1.0 31,816| 30,141] =1.0 28,634 | 27,127
'szpariakériﬁ 29,537 1.0 31,014} (32,597 1.0 34,115 | 35,740
" Paimnt. Eﬁrttu' hotry o 4,330 uY4,55% 0.2 45,000 | 4T ,4as
" North Coast 1,669 | 0.3 1,694 1,719 0.3 1,745 1,97
. toTAL 14,015,296 1.80 | 1,106,977 |1198,658' 1.97 |1,316,678 {1,434, 704
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Hd -9

B Uy IR (%)

BEBQEHI&ﬂﬁiJEHLSQﬂ§ﬂHER§wE1M§EBIIQE~II£Eh§QHﬂEQILQH§
IN_TRIRIDAD
CONSUMER TYPE 1980 . 1985 1990 1995 | 2000
A{ - Direct Connection 4T.6 51.1 | s56.2 | 63.4 | 66.8
A» - Yard Tap 16.1 20,1 22.8 | 25.2 | 27.0
A3 - Public Standpipe o _
and Truck Borne 30.3 24,5 18.3 9.8 6.2
SUB-TOTAL 94,0 95.7 97.3 | 98.4 | 100
Ay -~ No water supply 6.0 4.3 2.7 1.6 0
FA-10 b=y FEMBAIEN AN
POPULATION BY SERVICE TYPE CONNECTIONS
.  POPULATION
CONSUMER TYPE . SRR e
: | 1980 1985 1950 - 1995 - 2000
A - Direct Connections 283,612 566,082 | 673,254 834,990 | 958,544
A, - Yard Tap 163,120 | 222,145] 273,172] 331,565 | 387.861
‘A3 - PublicStandpipe : ‘ R o .
Truck Borne 307,896 | 271,184 |  219.540| 129,618 88,299
SUB-TOTAL 954,628 | 1,059,411 | 1,165,966 | 1,296,173 | 1,434,704
Ay - No Water Supply 60,668 | 47,566 32,692| 20,505 0
TOTAL 1,015,296 | 1,106,977 | 1,198,658 | 1,316,678 | 1,434,704




Fd =1 P UES o F b ST KOS (19659~ 198847)

WATER PRODUCTION BY WASA FOR TRINIDAD AND TUBAGO

TOTAL ANNUAL

_ | DAILY ‘AVFRAGE | DAILY AVERAGE
YEAR | PRODUCTION. | PRODUGTION PRADUCTION
(16% m3/yr) w® /d) (HaD)
1965 79.802 - 218,636 48.100
1966 81.672 223,759 49 .221
1967 86.142 236,006 51.915
1968 91.123 248,971 54.767
1969 55 .798 262,459 57.734
1970 97.386 266,809 58.691
1971 98 837 270,787 53 .566
1972 103680 283,279 62.314
1973 100 .341 274,906 60 472
1974 105 .947 290,267 63.351
1975 106063 290,585 63,921
1976 114.346 312,419 168.725
1977 116.070 318,002 69.952
1978 113.701 311,510 68.524
1979 §22.710 336,195 73.954
1980 | - 146.696 400,807 88.167
1981 169.242 463,678 101.997
1982 195.030 534,330 117-538"
1983 208-925 572,396 125.912
1984 | 221.900 607,944 133.732
1985 230.913 633.000 139 243
1986 235,185 655,304 144 083
1987 240 .170 658,000 144 211
1988 | 241.103 660,556 145 305

1, 19844 3 TOEHE TThe Water System Balance in Trinidad) 1

9 [ORGA LA DT RWASAZ VKRR IS L 5o

&b,



oox oox ooy 95 00K 9E sndontsjun suata

818'9 . Goo's ooe's vos'y e’y L59'€ wxvjor eyouste,
oo0"E 200’z 000’ o0 000°¢ e . . | gten wepoy

16K 5y 158 L5y 5% iSk aawads oy tag

o6 |06 06 o -6 3L XvIUL TosdTd

. . oz o5t 2ol o8 00z 1] Tiui woury Ty
sest 45 voptmay - - - - - ofs st Tiayedey/niogrny w1
Seat 49 uopusdy - - - - - 13 ] sangany
BT vos'z _ooR'2 08t oo’y 006°2 CLEL'L TSR Gdoreng 39

i S 2] 0f Sk at dopeyuy dagang

Gn ool o8 Sk Sl 9E apwaur. qousdory

038"t 293t woL's oag't RTINS T ET7oR Yomouy

o5 g v 0y " o8 Xt . axwaug foder ol

8Tt Bttt 006 209 et any wpibrsazes Liasdsy

Lgsh & wopumqy - - - 000’1 095'E onz's vrroa WOFITIG Fupdany tresdey
o Lze L2 40t o€z Lzg L2z sxe3uy WAidegae
“lggt Aq uepusdy - - - 003 5% 95k " Begur spaoEmy
: : w65"1 066 oow't wog" 085t 90£°1 ‘10K maoH.
“Lgbl AQ uopuugy - B oo ozt of1 ot extIuT 09T
oxt'o oyt'ot Sm..s. 006t ot -owE*on n9's ETTEA Wiwg A STI0M) Fuly

Colz'z oLz'z oLz'zl oo0*1t otz'zt tSe‘at L etien ymauang

025'i ozg°) oze't 5L .foza't s2L' Trs4 Herg s

ohE ong ong ong LY [11.1:] BTIUL B, UMY *3E

o1b's 016°% oon's 003's 016's 208°s 2TOASTEAY XA RIEY

o5 0& 06 og 0§ LTA axeyup widgaa)

oox’s oor’s 005 % o02°E oo's 609°2 ETTon SUIPING UoIRuldiog

‘0z8°y 0zg*y oze's oo’y aze'y- £9L'g 114 #iR3eg diatTy

oné'pz 00692 ops'ee vos'g2 006 ‘g2 a9t ‘gz eTIoR wpwey sneg

ory'Es oxg gy org"EL 00% 61 “ong'Et z'ct STt wewrsmnPray pue Lot dansal

ooee G641 0561 111
" oTnoN | soTinsaoid U005 14408

srdedan

HOXLDNA0Hd  Q3L0BrUNd

(P/M)  HOLIDNGOUd DYE3AY LTI

(ouez - nesid

E3UAQCE WALYA  YEYA 4O . RRXINIAVEYS  RadngS CAAIRIVEE

aNY  DRILBIXZ

(0002~7861) (NLBHHEFE LN L ~ = Zl-T3¢



Lasl 4q vopueqy - - - oSt 0SZ £4:19 Uyauay qUI0g 03 dojuTdlL
Los} 4q wopueqy - - - oot gLy SkE Jafyosl o9 SoquTal
. o£9 2£9 005 ..00% 03 92x ¢SUTads pemiery
ove'z 0092 00g'2 [ TA] oog'e [XTAF a%iomITIEN w{{fAURSD
086 086 0g6 [11] ogé ahd BYAONIDYTH UTgues Juyed
900%1 joctt - 9001 o000t T soent 9046°1 T3ronde3eA B1TTA-0p-dmD
oor"t 00k ‘1 ‘ook*1 oo2"1 ooy zz ke TroRIIY, ufeg/ 1T
SER'E £E0'E ££0°E ooL'2 313 iz9'z ensonsaqey {aooD) Trawdis
o0%'t ons'l ooyt ooz’ 0051 TR - endorsoun prQURL
005'E 205'¢ ¢00'S col'z 085°E ¥99°'2 | mjlondeyes TRuIg
£29 E29 008 0og £29 wiE NTTeN  pRoy BE(D
1¥) 9l oce 205 vl gy vdyrddg (mptaod.
98t °1 afl ] 9EL "t =434 9EL'L g1t efugidg wemawdmy
ogt 2] o5t ool et Eot ssnienBriong o3 Gawkay
ooe'e 600°2 0061 oog't o0’z 2645t 7 sy ooomy
Nhs., Liy't [ A oL L [31° o5’y BITOR OuRATH
098 "tL 03711 0006 0og'L 09E"LL soz'L ¥ tren aodsasyg
ogt gl oBi ‘gt 000" St 000'£t ogt "3t szl'n G108 PLATS UBETAUD
S8l 4q wvoanog Ary 9r5'y 200"y 000°€ ooz'i T - axzyuUT 990%
SgHl Aq uopuwgy - - - - [1{d | g1t o4IoAIR LR ALTdwog
13 1] by G [ 1] 113 aAMIUL FIAIER
sk Sy Rl oy Sy g€ oapTARIUOY
Sk 2] Sk oY Sy 9E DREINT ..:B.Sqn
111 Sk Sk 0% -] 4 BxuyUz  WAITATE Spumsn
1. S0t 0g S -501 9t B | B¥EYUL I0TeIIN
005°E oS’z Tono't - 000"y - biteR pratieetien
501 ot oot ab 1114 17 OX¥IUY EOTITpINsY aot/auews) vajEng
oL at oL 11 oL 9 . oXTIUY BUTERL-¥pEOY Jn0g
t Sk Sh oz Sy &t aRWILY -:.-.-.Bu.
- RN
FANTEE oS Bl b e A1owdrs koG 208008 X12dnS

X0ILONqodd - g3L03rgld

ROTIDNAOE

ROZIDNGOUL .

{pF,®] HoIIDNdOE aDVAIAY A13VC.

tonce - agél) sa%uN0s HILYA VSYA  JO . ALITIEY4YD ) Addng gmwoz

(F0002~7361) @QULBEFRUHGA ~ 4= (4 T~ PE

_75 —



-uFnuol sprious 30U 561 TN = sE1 £ - | sn , Lam)
r20p A35riqedae uczisnpody weL*Leg go9's2g 502'569 12g'tig E9a il - 126985 (pscm) riol
S661 Aq sounog Aok 059 °E1Y 06t *gy - - "0S9UELL 1. nx..oau-...uux aBnucy
. ) ..mme_ 1 Tooote 000" E . odo'g .mwm.: : Bzt TRLOnIN|IA NTYIEYY
oL et ogz'ly "o0o'eL REN:7 AT YR W 7T LY ) ., ..,n#..u..n._auaua,an»nn
“aetti D9E"iL 000'E “ouz'y o 09EL . | ohl's EAEDAINI RN Hvmo] mey
o9E*E1 o€ 1L poz'ol UE'G 09E"1y 2526 . . neandeey vine
“ost'ziz | eek'mlz 206'092 - 0o0°2NE Co9LtaLe -EnytyE2 IUNTL qdsmIweay asawy- SR IPE
02604 02606 000° 54 -000° 08 - G26°06. Los‘on © syanodedy yyaex
sn Sy 1 sz Sk ) st aawyuy odjay
09E"LL 09E°14 nog's 008’5 B9ETAL -§1o0°y £XJoneqTy bdRueny
.‘mo&.u“ oes'S1 00011 o0s'z1 CODETSE - f  lEgtiy TXI10AI3UN odTay
056 11 voo’ol ) oo.a.a pos'c: . .omm;._ . B Ryt STI2K SR aravg
gza’lt § - see'if -923°1E 0oL LE 929°LE . 928" E STondeney RT1ION
vat't | op't Toge e 000'€ ost’s | gee'z P33T ofuvdap/oSusny
oo1'2 o'z 6042 006 't o'z | 't "o exdonsaten oweoy
o8z Lz 000"52 o022 “ooe'L [P aFE B T Orsondaged whreysy
elz*lz 00052 000°E2 0BG EL ALz | oss'h exonae ey 0ldoa0g T3
_5g6l Kq uopumgy - - - - alz'z " stg sapsonssieg ao03 "3y
5061 Ad uopuuqy - - - - oﬁ. 13 Be3ul peoy- Fied dazeR
56t An vopuwqy - - - ~ 00g S0 aNTIUY BRuangy
Sk Lk 4] .oa St iz sxeIuY s,u.....a..ouvm ooEYJg
Sh Sw 1] gL Sk iz ‘BAeqUT -XYouD v suson
005 ool 0058 0oL Q06 uz bArguy eITIAL
ozt o2t 0zl oot 0zi it Tanequr FOARNY. ew
£g iyt ] i ] iy INWIUT ICTRCSCTYIUNTY
Ex Tt Ext ot for Est SAIOMIDINY BErDeE]lIUTLg
o502 561 0561 s6t : :
ExsvHz AOLionI0dd  Garoarens zm.”mw_.ﬂ“wwa . b IaNoS Addng

:{mnv NOLLONUOWE  AJVHTAY A7Iva

{0002 ~ %06k}

SATUNOS WTLYR  YRYR A0 ALINITVIYD ATddnS  GALOArOvd  ONY INELSIN3

-V

R



AN B U=y FUKEIDROKRRA (1978~ 198447)

PERCENTAGE OF SURFACE AND.GROUND WATER SUPPLY SOURCES IN TRINIDAD

SOURCE - 1976 | 1979 | 1980 .| 1984 1982 | 1983 | 1984|1985
SURFACE | 39,1 41.9 52.3 | 63.8 | 71.3 72.7 | 72.0 | 83
'GROUND - 60.9 58.1 47.7 | 36.2 28.7 27.3 28.0 17
I D WASA
The Water System Balance in Trinidad
314 Surlace Water Report (1984/85)
Fed —14 SN TEOKERIHAE
7K iz} SERpARE ()  HFEEEKRE (o)
Hilishorough Dam 2, 143, 650 5 873
Charlotteville 147, 150 403
Richmond _ 554, 200 I, B19
: _Courland Waterworks 2, 246, 600 6, 155
. Castara * 35, 7890 98
" Bloody Bay .- . 1, 800 5
L’'Anse Fourmi * 8, 370 23 -
Parlatuvier * 2, 220 6
Soeyside © . 127, 750 350
Craig Hall 379, 610 1, 040
Greenhill Intake 494, 640 1, 355
Kings Bay Water Works 525, 1240 1, 439
Gov't Farm Wall # 3 - 59,560 163
TOTAL 6, 726, 450 18, 429

Bl i
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Ped 15 b0 =y KBS (1985 20004)

PROJECTED WATER SYSTEM BALANCE IN TRINIDAD

35%  LOSSES

~ DEMAND SUPPLY BALARCE ..
YEAR (n/a) m3/d) w’rd)
1985 511,028 613,821 + 2,793
1390 759,819 695,205 | - 64,714
1995 962,552 825,608 | - 135,944
2000 1,169,623 887.724 ) - 281,899
AT T WASA
The Water System.BaIzmce in T'rinidad
K416 Hoks (1985~20007)
PERCENTACES oOF '_:;rsrm LOSSES
) LOSSES A5 . .:.us.ss.s AS- LOSSES AS
o | e osnonases | cros oo | PO |ratiict | oot or | rncot o
. : . . . ’ " SUPPLY
ta3ra) {a>ra) tn}ra) to¥1a) x - 13 xr
1985 452,613 152,815 611.,528 éaa,éex 35 25.9 25.8
1985 352,613 226,288 " 678,901 s:a,aa:. s0° 333 36.9
1930 562,443 197,016 59,919 695,205 35 z:f-.9 . 28.3
1990 562,903 281,265 844, 168 595,505 50 33.3 '10..*
1995 3,01 249,551 962,552 825, 508 35 25.9 0.2
1995 713,001 356, 108 1,069, 105 825,608 50 33.3 83,1
2000 266,387 303,236 Ch, 89,623 .837,721§ _35' 25.9 éh,z
2000 066,387 532,516 1.293,90'3 ) 'aa_f,zzu o 50 33.3 §3.1

(D WASA e
The Watér System .Balanc(_i in Trinidad 19834:
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. BQURCE

IMPOUNDING RESERVOIRS

Caroni/Arera
Ravet
‘Hollis . !

© ¥ Hillsbozrough

SURFACE & RIVER SUPPLIES

.Toco Waterworks
. Valencia Intake
Aripo Wakerworks
# Richmond Watexrworks
¥ Qourland Haterworks
- ®-Craig Hall
Acong

Lluengo/Naranjo Waterworks )

‘¥ King's Bay
- Noxrth Oropouche
Caura
Guanapoa

HELLS SUPPLIES

Paramin.
. El1 Socorro
Farrell
St. Clair
Queen’s:Park Savannah
Eing George V
Moka .
Tucker Valley
Four Roads, Diego Martin
River 'Estate, Diego Martin
Valsayn
“La Pastora
Arima
Tacarigua
Rrouca

Carlsen Field
Freeport
Guayacara/Morichal
Las. Lomas -
Point Foxtin
Penal
Mayaro

" Granville
Cap-De-Ville
Fyzabad .
Clarke Road
Cooxra . :
Dorrington Gardens
Carxapal : S
2moco’
Chatham

DAILY AVERAGE

ERODUCTION
Am3/dl

248,000
77,280
22,730

5,880

2,250
3,530
12,830
2,130
5,890
1,170
2,270
3,585
1,650
72,640
10,490
11,360

600
22,170
6,000
1,450
9,870
7,000
2,100
13,450
28,810
6,210
18,300
1,140
450
5,800
1,409

9,090
4,580
1,820
10,720
510
3,230
3,000
2,800
750
1,600
450
3,000
- 2,600,
1,820
z,300
5,000

AN b osT

%er’ ~ Aeration;-+Sed - Sedimentation: Fil - Filtration
Chl -~ Chlorination; PP ~ Potassium Permanganate

|

TREATMENT

Sed,
Sed,
ril,
Sed,

Sed,
Chl
Sed,
- Sed,
Sed,
Cnl
Sed,
Sed,
Chl
Sed,
Sed,
Sed,

Chl
her,
chl
Chl
chl
. Chl
Chl
chl
Chl
Chl
Aer,
Chl
Chl
chl
Chl

Aer,
Aex,
chl
Aer,
Aer,
Aer,
Aer,
Aer,
Aerxr,

Fil,
Fil,
Chl

Fil,

Fil,

Fil,
Fil,
Fil,

Fil,
Fil,

Fil,
Fil,
Fil,

‘Chl

Chl

Sed,
Sed,

Sed,
Fil,
Sad,
Chl

Sed,
Sed,

Chl
Chl

Chl

Chl
Chl
Chl
Chl

Chl
Chl

Chl
Chl
Chl

Fil,
Fil,

Fil,
Chl
Fil,

Fil,
Chl

PP, Fil, Chl

her;
¢hl

Fil,
Fil,
Fil,

By WASA

Sed,

Chl
Chl
Chl

Fil,

Chl
Chl

Chl
Chl

Chl

Chl
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CARONI-ARENA WATER SUPPLY PROJECT

LIST OF CONTRACTS AND COSTS

Contract Name

Coﬁtractbr

Contract No, 1
Pumped Storage
Complex

Contract No., 2
Caroni, Water Treat-—
nment Plant

Contract No, 4a
Supply and Installa-
tion of Pipes and
valves

Centract No, 5
Booster Pump Stns,

Contract No. &
Service Reservoirs
(Concrete)

Contract No. 6A
Service Reservoirs
{Steel)

Constr., Cost Sub-
Total
+ Indirect Costs

' TOTAL

Fujiko Company Limited

Rex Wa Lee - A Joint Ven-—.
ture of Rexach Corporation
and Sam P. Wallace (Puerto
Rice}/Fred Chin Lee (T&T)
Trinidad Contractors/Pipe—
con BV a Joint Venture of
Trinidad Contractors Ltd, -
{(T&T) Pipecon BV (Holland)

Pizzagélli Construction
Company Limited U.S.A.

ITrinidad Contractors

Limited (T&T)

Damus Limited (T&T)

Contract | |

T Sum Final -
(Millions) | Const.
Initia) Sum| Costs*
©$ 43,9 | '49.3

' $104.4 | 100.0
$106,9 | 115.0

$ 12,0 | . 12.5

$ 13,8 | 13.0

$ 5.0 5.0
$286.0 | 294.8

| 0.0

354.8

* Final Construction Costs as of June 1983 do not allow for the
possibility that some Contractors may win additional costs “through

claims

+ Indirect costs include surveying, testing, engineering, 1nspection5-
special investigations, tralning, 1nstrdments, tools and spare ‘parts.

Ll - WASA
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CAPACITY DATA OF PROJECT ELEMENTS

PROJECT ELEMENT

PUMPED STORAGE. COMPLEX

Arena Reservoir
Arena Dam

Tanpuna Weix
funpuna Pump Station
staff House

Recreation Facilities

Capacity at 119 ft. amsl.

Area at 119 ft. ansl.
Top Elevation
Tailwater Elevation
Water Level, Full

Crest Elevation

No. of Pumps
Capacity of each pump

No. of Bedrooms

‘Floor Axea

Parking Spéces

‘Covered Shelters

Picenic Tables

CARONY WATER TREATMENT PLANT

Treatment Plant

- Intake Works

Flocculation and
Sedimentation
- . Basins

activated Carbon
Fllters

_High Head Pumps

Sludge Lagoons

Staff Housing

Nominal Capacity
Chemicals

Number and Capacity
of Pumps

Humber

Dimension

Rumber

Dépth

Number

Rumber
Area of each

No. of units

. 81 —_

VALUE

(43,187,000 )
9,500 million gals.
1,700 acres (G47ha)

134 £t. amsl.
53 ft. amsl.
119 £t. amsl:

53 £t. amsl.

6 .
14 mgd'.  64,000n°/8)

3
2500 sq. ft.

47 cars -
5
50

60 imgd (273,000m7H)
Alum :
Sodium

Hypochlorite

Lime

Polymers

Fluoride

6 at 12 mgd (55000m/H)

2 at 6 mgd (27,000n'/H)
5

A0ft x» 290 £t each
(12mx 88m)

6

5! each

9

2
10 acres {40ha)

10



PIPELINES

247" diameter
(610mm )

30" diameter
( 762mm )

dianeter
( 914mm )

3g"

42" diameter
( 1067a3)

dliameter
(12192a)

48%

54" diameter

(1372um)

"BOOSTER PUMP

419

pipe

v /)T

Length

" Capacity {approx¥)

pipe

pipe

pipe

pipe

pipe

STATIONS

Valsayn BPS

El Socorro BPS

San Fernando

‘Station Elev.

Length
Capacity .

Length
Capacity

Length
Capacity

Iength
Capacity

‘Length

Capacity

‘ams)
Rated head o
No. & Capacity of Pumps
Top Service Level

Station Elev. amsl

" Rated Head

BPS

El Socorro Clearwell

No. & Capacity of Pumps

Top Service Level

Station Elev,
Rated Head .
No. & Capacity of Pumps
Top Service Level

ansl

Station Elev. amsl
Rated Head

No. & Capacity of Pumps

Top Service Level

*assumes 5 FPS average velocity

— 82—~

1:121\/1') j\’fﬁ&;m “\7 (')}

25,000 £t, (7.620m)
8.5 hgd. (39,000n")

25,000 ft. -
13.2 mgd. ¢ 60,00007)

33,000 ft, (1ouﬁm)
19.1 mgd. (87000m‘)

39, 000 ‘ft.,_( 11,887m)

26 mgd (118,000 ) -

. 50,000 ft. (15240m)
34 mgd. - (155,000n")
92,000 £t. (24,04lm) -
43 mgd.  (195,0000)
58 ft.

180 ft. (55m) _
3 at 4 mgd. (18,000n/8)
300 £t.

20 4 S
210 £+, (64m)-
3 at 10 mgd (45mmmVH)
310 £t,

100 ft;

150 £, (46m)
3.at 7.5 mga (34mMmVH)

263 ft.'

20 ft,

250 ft. (76m) _
4 at 3.3 mgd. (15000x/H)
229 ft. '
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SERVICE RESERVOIRS

Picton 43
Malick

Mt. Hope

Califb;nia

San Eernando'

TABLE i-3 (Cont'd)

Material
volume
Elgvations
- Top

-  Bottom

Haterial
volume
Elevations
- Top

- Eottom

‘Material

volume
Elevaticns
- Top
-~ Bottom

Material
Volumne
Elevations
- Top

- Bottom

Material
Volume
Elevations
- 'Top

~ Bottom

—83—

Concrete

10 m.g. (45,000m/F)
313 ft.

278 ft.

Condrete

5 m.g. (23,000n/H)

178 ft.
153 ft,

Concrete
5 m.g. (23000m/H)

300 ft.

263 ft.

‘Steel

5 m.g. (23000a/H)

196 ft.
162 ft.

S5teel )
5 m.g. (23000'/H)

181 ft.
147 ft.
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TABLE 8.6. PERCENTAGE DISTRIBUTION OF DWELLING UNITS BY TYPE OF TOILET FACILITIES
AND ADMINISTRATIVE AREA, 1970 AND 1980

Type of roile éacili:i:l
Administrative area ol pi., wts:::’:d ) no}ﬂif{;cd ‘ (.):.hcr Mo stated
) L0 sewsr .
S 1970 :
{1 (2} &) 4) - (5] " Asy
Teinidad 20d Tobage . w  100.00 7042 12.20 1545 1 049 . 1,74
Port of Spain 100.00 32,63 51.60 :1 391 Q.42 : .- 144
San Fernando ... 100700 24.33 . . 46..26 _ 27.88 . 0,25 _ . : __1,25
Arima (Borough} ... 100,00 4791 40,22 - 9.87 1 000 - 200
5, George w el 100,00 64,91 13.55. o1 | e20 | im
Caroni w7 100.00 89.16 103 5.25 ' o 0 145
NarivafMsysre - i 100,00 87.48 1.57 ' 7.82 : 1 eas 2.95
St Andrew/Ste, David .| 100.00 39.97 0.67 7.99 042 126
Vicora .. o .| 100,00 s | 203 sdo. | o1s 228
5¢. Parrick - w| 10000 _ 8132 | 244 1418 | 036 1.90
Tobago e 1¢0.00 8014 | . 3.69 1348 0.28 . 241
1980 '
 Trinidad and Tobagn .. .|  100.00 © 58.05 1995 21.34 0.07 0.50
Poctof Spain  w ... 10000 27.58 : _65;3.8 . 558 . 005 141
$2n Fermande .., 100,00 14.30 76.66 | _ '73.43. : 001 .o...s‘o
Arima (Borough) L., | . _160.00 _ s | 4s14 1. .1‘3'.20 B 0.15 0.77
St. Grorge el 10000 1 494 1 2sas | n30 | oo 0s2
Cronl w o | 10000 | "74'._50' b s o azse 002 | 0s6
NarvalMayaro v .. 100.60 R1L24 ] 4.4 1308 | . o028 _ © 118
st Andeew/S. David .| 100.00 78.76 2.97 wss | oao - | ose
Vidweds ...l 10000 86.89 347 2888 ] 006 .1 069
St Patrick v ] 10000 | 7147 523 2249 o ooae | om
Tobage .. .. ..} 100.00 6531 | sm 298 oas 125

LThe expanded Borough of Arima

{1920) conzains nine (9} enumeration districes {in whole or in part} previously contzined in
the Ward of Arima, i . e . o

Sourc.e:_ Poi:ﬁlztion'and Housing Ccm-u .

C.8.0

84—
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b)Y

c)

D

KA=20 H o = ok SR

Use of Chemicals at Cargni WTP

River Intake Figures

Year Yonthly Total m- Monthly Average w2 Alum Kg/month
1985 7,344,074 244,802 154080
1986 7,914,310 263,810 | 384,367
1987 . 8,088,737 269,625 397,979

Alum costs

Present (1983) costs - approx usage and costs:-

Aluminium Sulphate - 1200 TT $/tonne
360 TT Z/tonne

Hydrated lime -
© Liquid Chlorine - 4780 TT 3/2000 lbs

f

8

Liquid chlorine

[ .}

it

" Lime costs = 269;625 x 20 x 1

4775 tonnes/annum x.1200 T 3
5,730,898 TT 3/annum

x 860 % 365

1000 1000

3000 lbs/day
7170 x 365
2,617,050 TT ¢/annum

1,692,706 TT #/annum

. Activated carbon - Used as required to top up

ay~c) 10,040,065 TT $/ year _

RERT I

WASA
CARONI River Water Pollution Study
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R4 22 Ao =SSR 72
SOURCE:  CARONI  FINAL o - XERR: 1sss
: _ JANUARY = MAY JUNE - DECEMBER
CHARNCTERISTICS MEAN RANGE N, § MEAN RANGE. Mo
Colour (Hazen Units) 9 o - 30 20| & 0.5 16
Turbidity {Formazin Units} 3.3 5.05 - 17 |26 {2.2 " 0.5 - 3.0 16
pH 7.3 6.7~ 9.0 20 | 6.9 6.0 - 8.0 16
specific Conductivity (urhos) 183 160 - 260 |20 [1ss - 125 - 295 16
pHs 8.7 8.4 - 9.0 8 |s.8 8.5 - 9,1 5
The following are expressed
in mg/L

Alkalinit}'f"i_btﬂl {CaCo,) 61 38 - 86 20 | 46 22 - -ée_ 16
Alkalinity, Bicarbonate (HCO-) | 47 - 105, 20 | s6 27 - 108 16
Alkalinity, Carbonate {C0O,?-) 0.8 ¢ -4.8 16 o

Free Carbon Dioxide - - E ]
Hardness, Total (CaC0,) ) 59 - 113 20 | a2 51 -137 | 16
Calcium (Ca?+) 25 16 - 35 20 | 25 14 - 47 . ‘16
Magnesiun (Mg} 5.5 2.2-7:4 19 {49 2.0 - 8.3 26
Chloride {Ci-): 22 1§ - 28 is |21 13 - 32 15
Residual Chlorine (C1,) 2.6 0.2 - 3.5 lao | a9 0.2 - 5.0 16
0; from K0, (44°C) 0.5 0.3- 1.2 15 | o0.26 0 -o0.85 | 16
Iron, Total {Fed'} 0.09 0.03 - 0.19 {19 | 0.09 0 - 0,21 1
Iron, Solubl_e {Fe2*} ) - o

Sulphate  (80,7-) 24 17 - 47 |20 {33 13 - 49 1%
Silicate (5i0;) 9.0 7.8~ 1.0 |19 | 7.8 5.4~ 113 13
Fhosphate . {P) 0.02 | 0.01-0.03 ho | o.02 0.01 - ¢.04 10
Fluoride (F-} ) o

Amonia, Free & Saline (M) .

amronia, Albuminoid  {N) _

Total Nitrogen (M) B

Nitrate (N) g

Sodium  (Mat) 12 - 14 e {s.o 4.8 ~ 15.3 8
Potassiun  (K*) 2.4 1.8 - 3.1 e {2.3 1.4 - 3.6 g
Aluminium {Al3+) _ 0.05 [ 0.00-0.15 12 §o0.06 170,02+ 0.19 7
{ Total bissolved Solids (1€0°C) | 110 105 - 166 he 134 94— 207 10
Total suspended Solids {105°C) - : '

Total Solids (180°C) -

Dissolved Oxygen (DO} -

Total Organic Carbon {TOC) -~

Heavy Metals . -

e b %9 L ebl )
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SOURCE: CARONI RAW

YEAR:

= 1988
o " JANUARY - | hay JUNE - DRCEMBER
CHARACTERISTICS MEAN RANGE No. | MEAN RANGE NO.

Colour . (Hazen Units) 50 | s0-200 |19 | 250" 70 - 250 14
Turbidity (Formazin Units) 31 16 - 70 19 {113 20 - 250 14
o R 7.3 1.1 - 7.4 19 | 7.2 5.9 - 7.5 13
Specific Conductivity (wrhos) 170 135 - 220 15 § 181 100 - 240 18
phs o §8.7 8.4 - 8.8 4
The follfmih_g ars expressed
in mg/l
Alkalinity, Total (CacO,) 64 55 - 86 19 | 70 10 - 94 14
Alkalipity, Bicarbonate (HCO™-) | ) 67 - 105 19 | se 49 - 114 14
Alkalinity, Carbonate - (CO,2-) o 19 o
Frea Carbon Di_okide : _ _ - -
Havdness, Total - {CaCO,) . 57 - 90 19, | 7 3 - lo4 14
@Ci\!ﬂ (Cal+) 19 -2 Jie| o2 12 - 35 14
agnesium  (Hg2t) 5.5 3.5 - 8.3 19 ] 3.9 0.5 - 9.3 14
Chlorida {C17) 17 15 - 23 1 | s 9 ~23 14
Residual Chlecine {C1,) ~ _ :
|0, £rom K0y (44°C) 2.7 1.1 - 3.3 19 | 6.0 2.9 - 11.8 14
Jren, Total (Fedt) 11 0.6 - 1.9 18 | 2.4 1.1 - 3.5 11
Iron, Soluble (Fe?t)
Sulphate :1904_,"') 9.5 5.4 - 11.5  lxa { 310.3 | 0.2 - 30 14
Silicate (S5i0;) 10.5 9.5 - 11.8 4 8.0 | 6.4 - 9.3 4
Phosphate. (P) 0.07 0.02 - 0.17 |17 | 0.06 0.3 - 0.08 9
Flueride (F-) . - - - -
| "Amonia, Free & Saline (N) - . . -
Anronia, Albuminoid (N) . B} - B,
Total Nitrogen (N) ; - . -
‘Nitrate " (N) - - B, B} _
‘sodium  (Na') 12 11 -1 10 9 5. 16 §
Potassiun  (K*) 2.5 [.e - 3.3 3 2.4 1.5 - 3.8 6
Aluiinium  (A131) _ . - - -
1 Total Dissolved Solids (180°C) | .4 93 - 165 16 134 99 - 178 )
_ Total Suspended Solids (105°C) - : “ - -
| mote1 sorias (1s6vc) - - - -
| pissolved oxygen (DO) - - - -
Total Organic Carbon (100) - - - -
Heavy Metals - "

-
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Page 2
INTRODUCTION
In response to the reguest of the Government of

the Republic of Trinidad and Tobago(hereinafter referred
to as "the Governmént of Trinidad and Téhago"),the

Government of Japan has decided to conduct the Study on

the Improvement of Water Supply Supervisory System in
Trinidad and Tobago.{hereinafter referred to as “"ihe

_Study"}in accerdance With the relevant.laws and regula-

II

‘IXIX.

Iv

tions in force in'Japan,the Japan International Coopera-
tion Agency(hereinafter referred to as "JICA?){ the
cfficial agency responsible for the implementation of

the technical cooperation programmes of the Government

of Japan,will undertake the Study in close cooperation
with authorities of ‘the Government of Trinidad and - )
Tobago. o S - : : o

The present document sets forth the Scope of Work
with regard teo the Study. )

.OBJECTIVES OF THE  5TUDY

The objeétives of the Study are:

1.to forrulate the Master ?1an fer_a.comprehensiﬁe
water supply supervisory system in Trinidad and
Tobago, . ’

2.1to conduct the-Feésibility:Study.on the
improvement and expansion of the existing water
supply Central Supervisory Systen,

3.to effect technology transfer to Trinidad and

Tobago counterpart personnel in- the course of
the Study . :

STUDY AREA

The Study area shall cover the islands of Trinidad

and Tobago.

.SCOPE OF THE STUDY

The Study éomprisesatwd phases and includes the
following: . .

1.Phase 1: Master Plan Study
(1} Data colleetioh and analysis
1} national development policy and plan for water
supply sector : - )

2} socio-ecopomic parameters’
3) present and future land use

—102 —
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page 3

4} topographical and geological maps

5) ‘hvdrological and msteorological.data

6) road map =nd future road construction plan
7} infeormation on underground cables,pipes,etc.
8) other related data and information

(Z)Field suréey

1)field reconnaissance

2)hydrological and meteordlogical observation
3}topographic survey '

4)route survey

5)other related surveys

{3)Review of existing water supply system including'

the Central Supervisory System(CS55})
1Ywater souréés
2)facilities . _
3}water supply and demand

4)institution and organization
5)operation and maintenance

(4)Est§b1ishmént of basic factors
‘1)target year and goals
2)}tariff systenm
3)design criteria

(5)}Estiration of water demand

(6)Study of available construction materiéls,labqur

forces, local contractors and social infrastructures

{7)Formation of Master Plan for a comprehensive water

management |

1)stﬁdy of ‘alternative plans :
2)rough estimation of costs for construction,
operation and maintenance :

3)preparation of implementation schedule in stages

4)financial and economic evaluation

5)identification of appropriate plan including
improvement and expansion plan for the CS$

2 .Phase II: Feasibility Study
{1)Confirmation of basic faétors
1}target year and goals

2)project areas
3)population to be .served
4)water demand

5)design criteria

{z)Prelininary design
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page 4
{3)Preparaticn of implementation plan

l)procurement plan for ¢onstruction materials and
equipment — o o :

?2)construction plan : S .

3)operation and maintenance plan including manpowar
training progranmne : :

(4)Estination of costs fof_construction,operation_and
maintenance o . : . :

{5)Financial and economic'evaiuafich-
(6)§reparatiqn of financial plén ”

(f)sfﬁdy.of socio;ecbho;ic ﬁmhack.

(s)sfudy of community participation
{Q)Preparation"of implementation programmefIP)-

{10)Recommendat ions

V.STUDY SCHEDULE

The Study will be conducted in accordance with the’
attached tentative schedule: . : ’

VI.REPORTS .

-JICA shall prepare and submit the following reports
in English to the Government of Trinidad and Todbago.

1. Incéption Report R
Fifteen{1S}copies within one(l)month from the
~date-of the commencement of the Stugdy

2. Progress Report(1) ' o
Fifteen{i5)copies at the end of the first field
survey. o - .

3. Interim Report . Lo S .
Thirty(30)copies at the beginning of the second
field survey. . k .

4. Progfess‘Repért(Z) o
Fifteen{15)copies at the end of the second tield
survey. | : . - ; ’

5. Draft Final Report. L L ) .
Fifteen{15)copies within three(3)months ‘after the
second field survey. The Government.of‘Tfinidadtand.
Tobago and/or Water and Sewerage Authority(herein-
after referred to ‘as "WASA" Jpresent their comments
on the report to,JICA through the Japanese Embassy
within one{i)month after receipt of the Draft Final
Report, : : o :
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6. Final Report page S

Foriy(40)copies within two{2)months after receipt

Gf the comments: on the Draft Final Report,

il} corments given by the Government of Trinidad and
Tobago and/or WASA will be compiled in the prepara—
tion of the Final Report. :

VII. UNDERTAKINGS OF THE GOVERNMENT OF TRIKIDAD AND TOBAGO

i.To facilitate smooth conduct of the stﬁdy,the Govern-

mnent of Trinidad and Tobago shall take necessary
neasures:

(1)} to secure the safety of the Study Team

(2} to permit the members of the Study team to enter,
leave and sojourn in the Republic of Trinidad and
Tobago for the duration of their assignment therein,

~and exempt them from alien registration reguire-
nents and consular-fees .

{3) to exempt the members of the Study Team from taxes,
duties and any other charge on eguipment,machihery
and other materials brought into Trinidad and
Tobago for the conduct of the Study

{4) to exempt the members of the Study team from incone
tax and chargés of any kind imposed on or in :
connection with any emolument or allowance paid to
the members of the Study team for their services
in connection with the implementation of the Study

(5) to provide necessary facilities to the Study teanm
for remittance as well as utilization of the funds

. introduced into Trinidad and Tobago.from Japan in

- conpection with the implementation of the Study -

{6) to secure permission for entry into private proper-—
ties or restricted areas for the conduct of the
study within laws and regulations .in force in
4the Republic of Trinidad and Tobago

(I)-to'secﬁre permission to take all data and docupents
{including aerial photographs}related to the Study
out of Trinidad and Tobago to Japan by the Study
team

{8) to providé medical services as needed.Its expenses
will be chargeable on memnbers of the Study tean

2.The Government of Trinidad and Tobago. shall bear
claims,if any arise ,against the menbers of the
study team resulting from,occur;ng_in the course.of,

- or otherwise connected with the discharge of their
dutijes in the implementation of the Study,exgept when
such 'claims arise from gross negligence or wilful
misconduct on the part of the members of the Study
tean.
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3.WASA shall esct as counterpart agency to the Study teanm
and also as cordinating body in relation with othex
governmental #nd non-governmental organization
concerned for the snooth - inplementation of the Study

4.WASA shall,at its own expense,provide the Study tean
with the fellowing,in cooperation with other relevant
organizations: . . . : .

(1) available data and information related to the Study
{2) counterpart personnel - . _

{3) suitable office space with necessary equipment

{4) credentials or identification cards,if necessary
(5) appropriate numbers of vehicles with drivers

VIII. UNDERTAKINGS OF JICA

For ‘the iﬁpléﬁéntation of the Study,-JICA shall
take the following measures: :

1. To dispatch, at its own expense, the Study team. to
the Republic of Trinidad and Tobago o

2. To effect feéhnology'trahsfer to the Trinidad and
Tobago counterpart peérsonnel in the course of the
Study. : ; N

IX. CONSULTATION
JICA and WASA shall consult each other in respect of

any matter that may arise from or in connection with the
Study. : . ’ )

Y
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FPage 2

-Jaﬁan International Cooperation Agency (hereinafter referred
to as "JICA"), at the officlal request of the Government of the
Republic of Trinidad and'Tobago, dispatched the Preliminary Survey '
Team (hereinafter "The Team"), headed by Dr. Kiyoshl Yamada, to Trinidad
and Tobago from May 22 to May 31,1989, to determine the Scope ‘of -

Work foir the Study on the Improvement of Water Supply Supervisory System
: ,5 } " in Trinidad and Tobago (hereinafter referred to as "the Study").

The Team held a serles of discussions with the concerned
authorities of the Government of the Republic of Trinidad and Tobago,
in particular with Water ‘and Sewerage Authority (hereinafter referred
to as "WASA') and agreed on the Scope of Work for the Study. " The list

of partfcipants to the meeting is at Appendix I.

: This document sets forth the main points discussed during
the above period: : '

1. The Team explained that the Stuay will be carried out within
the framework of Development Survey Programpme under the
technical cooperation scheme of Japanese Government.

2. The Tean explained that the Stuayiwill dovéf monitoring
system for distribution pipe lires in order to establish more
effective water supply supervisory system Iin Trinidad and

Tobago. E

3. Regarding the Master Plan Study, ‘the Team expressed its
strong concern on the planned Water Resources Development
Master Plan Study, which is expected to be carried out by .
other consulting firms, and requested WASA take appropriate
measures to avoid overlap in items of the Study. Both
sides agreed that the Japanese Study Team should conduct
the Study as envisaged in the Scope of Work., '

4. In reference to iY;l,(i),l) of the Scope of Work, both sides
agreed that review of water sources will be focussed on the

existing water sources by utilising avallable data and
reports. :

5. In reference to IV,1,(5), both sides agréed that projection
of water demand should mainly be conducted on the basis of

officially published data and information.

6. Regarding the existing Central Supervisory System (css),
both sides agreed that considering. the obsolescence of the
equipment, new hardware and software could be intfoduced,
1f necessary. :The Study should include the formulation of
basic design for software and preparation of general
specification for hardware, together with a phased
implementation programme. ' T

7. With reference to VIII;Z, it was agrééd_that”it'ygqld bg e
beneficial for an appropriate number of WASA Engineers to visit -
Japad as part of the technology transfer. The Teain explained. -

that application forms A2 and A3 afe-obtainsblg'at'thg Japanese
Embassy and requests should be processed through this official

channel._ _ Lo 1 _ i ':-
oo HOY
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PROJECT TITLE

Feasibility study for the expansion of the Remote

) Sar ir
Information System. 15 “3

INTRCDUCTION

A segment of the water system is now monitored by an
Electronic Central Supervisory System comprising of
central computer, remote terminal units, veoice communication
system and data radio system. The system provides rezl

t1m§ information on flows, levels, pressures and pump siztus.
It is proposed to expand the Central Supervisory System
throughout Trinidad and Tobago.

BACKGROUND
3.1 Location

The area to which the study applies covers the islands of
Trinidad and Tobago. The island of Trinidad is approximately
9km of the northeastern corner of Venezuela on the South
American Continent. It is located about 10 degrees north

of the eguator between 61 and 62 degrees west longtitude

and is the sounthernmost island in the Caribbean Archipelago.

The sister island of Tobago lies northeast of Trinidad
and is separated by approximately 35km .of sea. It is
‘situated about 11 degrees north of the equator at about
60 degrees west longtitude.

3.2 Topography

Trinidad is approximately 102km long by 77km wide with

an area of about 4,828 sg.km. The physical features
include three mountain ranges: the Northern Range, which
runs the full length of the northern coast; the Central
Range which runs diagonally across the island in a nor?h—
easterly direction, and finally, the Southern Range which
follows the southern coast in a broken line.

The Northern Range is an area of rugged topography, steep
slopes and peaks rising to over 914 metres. The area between
the Morthern and Central Rarige is flat and comprises about
1050 sg.km. In the rest of the island, that is, between

the Central and Southern Ranges, the topography is broken

and represents an irregular patters of partly flat, partly
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rucgad and mildly undulating terrain.

Tobago is approximately 52ka long by 18km wide with an
area of zbout 300 sg.km. The tovouraphy is broken with a
chain of peeks running along the center of hte islznd.
The highest point in the main ridge is about 550 metres
2bove mean sea level. ;

3.3 (Climate

The islands have a humid tropical climate with uniformly
high temperatures =11 year round (average approximately
26.69C) and there are two clearly. defined seasons - the

dry season and the wet season. ‘Rainfall is generally.

heavy in excess of 200mm per annum, but varies considerably
with location and season, being heaviest in the wet season
{June to November) and in the eastern half of Trinidad ang

the mountainous areas of the country.
3.4 Population

The population of Trinidad and Tobago (1985) was estimated
to be 1.2 million with Tobago accommodating 44,000 persons.

3.5 The Water and_Sewerage Authority (WASA)

The Water and Sewerage Authority (WASA) of Trinidad and
Tobago is .the sole agency responsible for the development
of water resources, the conservation and proper use of
water, and the collection, treatment and disposal of gewage.
For administrative purposes the countrxy is divided into
three regions (Noxrth, South and Tobage), eight districts

and twenty-six distribution areas. :

3.6 Existing Systems

3.6.1 Water

The average annual water production for 1987 was 659,000 m3/4
and was obtained from 95 separate water supply sources

in Trinidad and Tobago. These sources range in size from
rural intakes supplying less than 45 m3/d to the Caroni

Water Treatment Plant which can produce up to 272,700 m3/4.

Approximately 65% of the water produced is obtained from four
large surface sources {Hollis, Navet, North Oropouche and
Caroni/Arena) and together with the other surface sources
account for 75% of all the water produced. The remainder
(25%) is obtained from ground sources comprising several well
fields and many individual wells. The degree of treatment
applied at individual sources varies:with‘water'quélity..

They represent water that may need only disinfection to water
that requires full treatment of coagulation, sedimentation,’
filtration, disinfection or other forms specialized treatment.
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It is estimated that 75% of the population is served by
direct house connection on the premises. ‘dwenty parcent
receive their supplies from public standpipes and the
remainder is dependent on rain, rivers, springs etc.

3.6.2 Sewerage_

The Water and Sewerage Authority operates three (3) central
+ sewerage schemes in Port of Spain, San Fernando and Arima
to which 25,000 households are connected. Another 25,000
households are connected to smaller WASA systems and to
over 100 private wastewater collection, treatment and
disposal systems.

PROJECT DESCRIPTION

4.} Existing

The period 1977-1980 saw a rapid expansion in water supply,
system expansion and system complexity. To address the
tremendous problems in Water operations as regards information
and communication WASA installed an Electronic Central
Supervisory System with the following objectives:

{a) to improve the flow of information for guicker
' decision makings and hence enhance the management
of the water system;

" {b) to effectively monitor plant operations, and the
transmission and distribution systems;

{(c) to omptimize the use of resources like manpower,
electricity, chemicals and water itself;

(d) to provide a more efficient service to the customer
and to improve the overall performance of WASA;

{e). to enhance the planning functions through the
‘storage and retrieval of data.
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The existing Centrel Supervisory System (CSS) consists of
the following elements: : :

{a) . & central compuier fDEC_PDP—ll/34) with peripheral
devices at the Authority's Kead Office; . :

(b)Y Remote Terminal Uhits_(RTU's)-at various location
of the water supply system;

{c} 2 communication link between the computer and the
RTUs ; : o T

(@) a voice radio communication from central supervision
to plant. : : R P :

The voice communicéhion'system forms part:of WASA's wider
voice radio system and is equipped with two channels and
a repeater station. ' c C o

There are now 12 RTUS in place and they are located at the
Caroni Water Treatmént Plant, Arena Pumped Storage Complex.
and at several other installations.which,includes-reservoirs
and booster pumping stations. These remote sites gather
analogue and digital information such as flows (pipelines
-and rivers), levels (reservoixs, channels), pressures,

pump status and power failures providing real time displays
of the water system status. . . : :

The three basic functions provided by the Central Supexvisory
System can be described as follows: T - K

{a) alarm 'notification - an alarm condition occurs when
the value of an analog point falls. outside its
uppexr and.lower limits or when a digital alarm
status is activated; ' B : ’

(h) generation of a historical database - This contains
a daily history of all the analog points in the
system which may be plotted on an X-y plotter
or a colour CRT; . A L

(c) control functions '~ These are process control tasks
which provide the following: ' o

(i) analog and digitél dbutputs at various stations;

(ii) feedback loop using a tank level to control
pumping pattexrn in the system by altering

valve position;

(iii) remote control of pumps aﬁd valﬁes.
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4.2 Expansion

The ex;st;ng1Central Supervisory System (CSS) has impacted
favourably on the manzcement o the elements of the water

system that it now assists in monitoring.

WASA in recog-

pition of the beneiits proposes to expand the CSS to other
installations gnd segments of the water system and hence:

{a)

{b}
(C)

(d)

broaden the information and communication base
for monitoring of the water system and thus
further enhancement of its management;

to further optimize the use of resources and
reductional in operational cost; '

to achieve'better customer satisfaction’'as a
result of the expected higher level of efficiency
throughout the system; S '

in the longexr term-to provide an environment for

technical computation which would facilitate
designs and modelling, distribution system analysis,

‘and also assist in leakage control and development

of schedules for preventive maintenance.

4.3 Scope/Terms of Reference

It is proposed therefore, that a feasibility study be
undextaken for expansion of the Remote Sensing Information
System in WASA and the scope/terms of reference of the
project will be as follows:

(a)

 (v)

{c)

(a)

review of the existing facilities, Central Super-

visory System (CS8) for collection and proecessing -
of technical data and make recommendation for its

improvement;

copduct a study for the expansion of the existing
CSS to strategic installation and points in the
distribution system throughout Trinidad and
Tobago to meet optimum needs; '

identification of feasible options and full
evaluation of their economic and technical
implications;

establishment of priorities;
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{(e)  proposals for a prograeee of ldp ovewenes and
development; : :

(€) proﬁision'cf cbst.estimetes-

(g) clear 1aene111caflon of - components hardware andﬂ
‘ seftware requirements and tralnlng needs,_

{h) make recommendatlon Ior the- managemene o:_ehe.
system with respect-to malntenence, ‘spares,
-8kills, manpower, and Ilnanc1al resources '

4.4 Imolementatlon-

WASA is prepared t6 have’ the Fea51blllty st udy begln as
soon 2s possible and estimate that a consultant w1ll be-
_reaulred for a perlod of three months:

4.5 A551tance
No other Government or Internatlonal Organlzatlon ‘has been

contacted nor is contact being contemplated with respect
to the subject pro]ect.
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. GENERAL INFORMATION o WASA X o AF

1. WASA Organization Structure
2. Approved Development Prograsmme 1930

I. TECHNICAL INFORMATION - WASA XD A

1. Central Superviosry System
{1) Existing System
(2} Status Report (’85.02.04)
(3} Status Report ('87.12.01)
{4) Memorandum (Werner Schnitgger. ’78.11.10)
(5) Report (Draft)
(6) Annual Report 1988
{1} Drawingds
(8} List of RTU Instrumentation
(9 Softiware Operations Manual and Pecumentation
(5 lnventory
i Location of RTU

2. Water Demand
{1} The Present Status of Water Supgly and Demand

3. Water Production
(1) Summary for the Year 1987
(2) Summary for the Year 1988
{3) Water Supply Subdivision Honthly Report for April, 1988

4. Hater Quality
(1) Statistical Analysis of Water Sources

(2} Bacteriological Report

5. Others

(1) Water Study (1970.09.23)
(2) Integration of the Caroni Water Supply into the Trlmdad System for

the Caroni—Arena Water Supply Project (1974.12)
{3) Caroni—Arena Water Supply Project—Final Report (1983.08)
{4) The Water System Balance in Trinidad (1585.00)
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{3)
(6)

Technical Asssistance by Wessex Water (1988.08)
The Present and Future Supplies and Demand of the Leeward
Seciion, Tobago

W, ADMINISTRATIVE AND FINANCIAL INFORMATION

...... WSA XVAFE AL 1 (REAKEREDAT

1. Folicy

W
@
@)
@

(5)
(6)
(7)

Budget Speech and Taxation Measures

WASA Strategic Plan 1989-1991

Self Sufficiency HASA -1991

Policy fer the Effective Hanagement and Control of the
Operations and Maintenance Dept. (64D)

The Re-Organisation of the OMD

Re-Organisation Phase II
Rationalisation of the Distribution Area OffiCes

2. Llaw and Regulation

(1

The Water and Sewerage Act

3. Financial Condition

)
{2}
(3)

Approved Estimates—1989, Income and Expenditure
WASA Estimates—1988, Revenue and Expeudxture
Water and Wastewater Rates

4, Othres

{1}
{2)
(3

@

(5)
{6)
{n
(8
{9)
1]
4y
42
1K
{1¢)

WASA Draft Text fo Annual Reprot 1987

Centre for Manpower Develbpmént:lggg

Centre for Manpower Beve!opment 1989

OMD_ 1986 Ammual Regort - '

Quality Control Dept. Annual. Report for 1988

North Region Annual Report 1988

Tobago Region 1988 Year End Report

Tobago Region Monthly Report April 1989 _

Water Supply Sub-Division. 1989 First Quarter Report
Management of Water Dlstxbutaon Systems -

CBWMP —Management of Water Dzstr1but1on Systems

CBWHMP —Systems Happing '

CBWMP —Fault Reporting and Tracking . : _
CBWMF —Quality control ia Water Productlon and D1str1but10n
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IV, RELEVANT DATA - TNFORMATION AND STGDIES

1. Genera - {1 (21 Land & Survey Dent, LY AFE
(B~(5HZ HASH L ATFE
(1) "Topographic Maps

-~ Topographic Maps  1/25,000 = 38 sheets

1/75,000 4 sheets

1/150,000 1 sheets

— Tobago 1/25,000 3 sheets
o 1/50,000 1 sheets
~— Port of Spain 1/10,000 1 sheets
— San Fernando 1/ 5,000 1 sheets

1 sheets

— Brima 1/16, 000

(2) _Geol'ogic Maps _
— Topographic. Haps  1/50,000 8 sheets
{3) Surface Water Report 1984 & 1985
{4} Groundwater Report 1984 & 1985
{5} Climatic Report 1984 & 1985

2. Socio-Economic Parameter
------- (~ERBAXEEI O AE _ _
{6)~(8ICentral Statistical Officed ¥ AF
{1) Review of Economy 1988
{2) Restructuring for Economic Independence
Draft Medium Terms Macro Planning Framework 1989—1995
(3) Development Co-operation 1987 Report
4) TInter-American Developemnt Bank Annual .Report 1988
(5) Economic and Sosial Progress in Latin America 1988 Report
- Spéc_ial Section : Science and Technology
{6) Population -and Housing Census 1980
" — Volume VI Households |
— Population by Sex and Number of Households at Locality and
Town/ village Level for Major/ Minor Divisions
— VYolume I Part Il Maps Showing Enumenration Districts
M Annual Statistical Digest 1987 _
(8j Household Budgetary Survey Bulletin (1989.3)
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3. Relevant Plans and Studies - HE - EREIHOAF
(1) National Physical Developmént Plan S
-~ VYol.1 Survey & Analysis -
— Vol.2 Strategies & Proposals -

4. Sanitary Condition

(1) Sewerage Facilities (1968.08.23) - WASAL D A
(2) Reported Cases of Certain Diseases - {REBEX U AF
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1. Water and Sewerage Authority (WASA)

1. Wr. Emile W. Warner

Executive Director

2. Mr. Merel-Yyn Sankar Alii

Technical Director

3. Mr. Nazir Ali Nabbie

Deputy Technical Director

4. Mr. Emwmanuel Romain

Chief Engineer, Operations and Maintenance

5. ¥r. T, Tota-Naharah

Chief Engineer, Major Maintenance and Transport

6. ®r. Charles Tam
Engineer DM, Systems

7. Wr. Karl Narine

Engineer I, Digifal Electronics and Instrumentation

8. Mr. Butace Ferguson

Planning Engineer

9. Mr. M. Quashie
Regional Engineer, North

10. Mr. Haydn Blaize
Regional Engimeer, Tobago

11. #r. Campbell
District Engineer, Tobago
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. Ministry of settlements and Pub]ic‘Utilities f

1. ¥s. Pamela Nicholson

MHinister
2. Hr. Elias Soogrim
O. Binistry bf External Affairs

1. Hr. Louis Hiltsluice | o
Director, Division of Science & Technical Co-operation

2. Hs. Sundra.Hohore -Brai thwaite
Foreign service Officer I

3. MHr. Keith Kerwood
' ‘Foreigp service Officer |

IV, Hinistry of Plannihg and Modilization

1. MWr. Carlyle Greaves
Permanent Secretary

2. ls. quofhy Sookdeo

Acting Director, Project Planning and Programming

3. ¥r. 6. Hoontin _ L
Town and Country Plannnig Division
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V. 0ffice of the Prime Yinister

1. Hr. Nello R. Raphael

. Economic Adviser to the Prime Minister

2. Ms. Sandra Caruth
Technical Cooperation Unit

3. Ps. Lynn Bronx
Technical Cooperation Unit
V1. Céntral Statistical Office

1. M. Daniel Deen _
Head of Population and Census Unit

2. Ms. Shirley Chistian-teharay

Population and Census Unit
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CRENRAT)

* Port of Spain

*+ San Fernando

+ Arima Borough

- Point Fortin Borough
CLRNYS)

* Sr.Jeorge Country

—Diego Martin Ward

—St.Anns s
—'Pacarigua ”
—Arima ”

—Blanchisseuse  #
—San Rafael #
~» Caroni Country
—Montserrat Ward
—Chaguanas 7
—Cunupia #
~Couva #
—Nariva Counlry
—Cocal Ward
~Charuma
—~Mayaro Country
—(Guayaguare Ward
~Trinity | ”
—St.Andrew Country
—Valencia Ward
—-Matura ”
~Tamana 7
—Manzanilla ”
»”

—~Turure

~8t. David Country
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ATdr.:o Ward
—Victoria Coﬁr'u‘ty
~Ortoire Ward
—Naparima ”#
~Pointe * A « Pierre #
~Moruga
~Savana Grande ”
—-St. Patrick Country

~Siparia Ward

~Erin  #

—La Brea 7

—Cedros #
~Tobago
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