Average per capita water demands including UF¥ for the areas of the source
groups I and II, and Tobago for the years 1990, 1995, 2000 and 2005 are summed

up and tabulated below.

‘AVERAGE PER CAPITA WATER DEMAND
(Unit: 1lpcd)

YEAR AREA OF AREA OF TOBAGO
SOURCE SOURCE
GROUP I ~  GROUP IT
1990 644 436 449
1995 572 379 394
2000 521 342 355
- 2005 485 308 326

2.2 WATER BALANCE

Production capabilities of the'existing'water sources are both limited by
the capacity of facilities and the amount taken at the sources. Upon
estimating dependable yields from existing sources, if available raw water is
in excess of the stipulated amount, the production capacities of existing
facilities restrict the yields. In contrast, during period of drought. when
water at sources is insufficient, the dependable yields are estimated from the

river discharge, impounding reservoir storage and aquifer's storage.

The production capacities listed by'WASA, cited from the report titled
"The Water System Balance in Trinidad, June 1985", are compared to past
production records and the seasonal production cépabilities'are investigated.
Then, the dependable yields are estimated for respeCtive sonces as shown in
Table 11-2.8. ' |

Upon estimating the depéndable yields from the existing sources, expansion
of the existing production facilities is not considered. The dependable
yields are limited to the present production capabilities of the existing
facilities. Potéhtial Water productibn by exploiting new. sources 6r by
expanding the existing faciiities is not considered, but'recoveriﬁg the

present production levels to the original levels is taken Into account.
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The total dependable yields of existing 96 waterworks In Trinidad and
Tobago (including Hillsborough West in Tobago to be constructed) are estimated
at 771,800 m3/day at the rainy season and 711,100 m3/day at the dry seasonh.

Water balance in Trinidad and Tobago for the years 1990, 1995, 2000 and
2005 is summarized as follows. '

WATER BALANCE IN TRINIDAD AND TOBAGO
{DRY SEASON)
{Unit: ms/day)

Year Demand ' Supply» Balance
——————————————————————————— Capability
Net UFW Totalx»

Trinidad 1990 321,250 321,250 642,500 679,400 + 36,900
1995 - 370,400 246,700 617,100 679,400 + 62,300

2000 427,400 183,100 610,500 679,400 + 68,300

2005 489,000 122,600 611,600 679,400 + 67,800

Tobago 1990 11,900 11,900 23,800 31,700 + 7,900
1995 14,900 9,900 24,800 31,700 + 6,900

2000 18,600 8,000 26,600 31,700 + 5,100

2005 22,300 5,600 27,900 31,700 + 3,800

#.... Supply amounts in Tobago include that of Hillsboreugh West.

##, ... Total Demand = Net Demand/{1-UFW Ratio)

As shown in Table I11-2.9, the dependable yields of the source group I,
which totals 545,600 m3/day for dry season, are disaggregated for water areas
supplied by the 16 water sources including four major sources. Water demand
of the area supplied by the source group T in 1990 is estimated at 531,400
m3/day inciuding the special industrial demand so that the supply can meet the
demand throughout the area. As shown in the table, water supply exceeds the
demand in the area of the source group I up to the year 2005. Water balance
of the area of the source group I for the Years 1990, 1995, 2000 and 2005 is

summarizéd as follows.

WATER BALANCE OF THE AREA OF SOURCE GROUP I
{DRY_ SEASON)
(Unit: mg/day)

Year Demand Supply Balance
——————————————————————————— Capability
Net UFW Total
1990 256,700 258,700 531,400 545,600 + 14,200
1995 307,700 205,100 512,800 545,600 + 32,800
2000 356,800 152,900 ° 509,700 545,600 + 35,900
2005 - 410,800 102,700 513,500 545,600 + 32,100

11-2-5



The water area allocation of the dependable ylelds shown in'Table Ii-2.9
is just a trial for the present study, however, when f10W'rates at offtakes
are measured by meters énd population of the area supplied from the offtake is
determined, the allocation will be modified accordingly.

The dependable yields of the source group II are totaled in 133,700 m3/day
for dry season. As shown below, for the area supplied by the sources, the
supply exceeds the demand of the area as a whole.

WATER BALANCE OF. THE AREA OF SOQOURCE GROUP 1I
(DRY SEASON)} .
(Unit: m3/day)

Year ‘ Demand Supply - Balance
——————————————————————————— Capability
Net UFW Total
1990 55,550 55,560 . 111,100 133,700 + 22,600
1995 62,600 41,700 104,300 133,700 + 29,400
2000 70,550 30,250 100,800 133,700 + 32,900

2005 78,500 19,600 98,100 133,700 + 35,600
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Table TI-2.1 POPULATION PROJECTION BY WATER AREA 1)

Rate of : Rate of Rate of
CENSUS Growth ESTIMATED ESTIMATER  Growth PROJECTED PROJECTED Growth  PROJECTED
POPULATION  Over 9 POMILATIOR POPULATICH ) POPULATION POPULATTON %) POPULATION

WATER AREA 1530 Years (%) 1988 1996 - 1996-2000 1995 2000 2008-2005 2005
1. DIEGD MARTIH b1, 226 1.37 69, 212 70, 161 1.50 75, 583 81, 425 1.00 85,578
2, PORY OF SPAIN 40, 302 -0.81 83, 156 82,530 0.13 82, 828 83,622 0.03 83,733
Hunicipality 55, 800 -2.3 44,894 43, 822 -1.00 41, 674 39, 632 -1.00 37,690
Diego Martin 21,526 137 3L, 116 31,543 1.50 . 33,981 36, 607 1.00 38, 474
St. Amns 6, 975 0.27 7,146 7,165 0.30 7,213 1,383 0. 50 7,568
3. EM R COMMNITIES 246, 817 .18 294,508 278,873 1.43 297,895 320,546 .32 342,305
3.1 St Barbs B, 175 0.27 B, 325 B, 342 0. 30 6, 438 6,535 .50 6, 100
3.2 Laventille B, 325° 0. 217 B, 479 6,498 0:30 - 6,584 B, 694 0.50 6, 863
1.3 Korvant 19, 148 0.27 18, 606 19,658 - 0.3 . 18,95% 20, 256 0.50 20, 768
3.4 Picton 26, 344 0. 27 26, 985 27,058 0. 30 21, 466 27, 880 0.50 28,584
3.5 Barataria 32,382 0. 27 33, 170 33,259 0. 30 33, 761 34,270 0.50 35, 136
3.6 St. Joseph 28, 365 L7 34, 265 34, 868 2.1 38, 658 42, 934 i.76 46, 850
§t. Anns 6, 28 027 6, 789 6, 808 - 0.30 6, 910 1,015 0. 50 7,182
Tacarigua 22,197 2.13 27,476 28,060 2,50 31, 748 35, 919 2.00 39, 658
3.7 Arouca 15,971 4.22 23171 24, 269 3.5 28,849 3,44 2.46 38, 839
Tacarigua 11, 888 2.1 14, 366 14,671 2.50 16, 589 18,780 2.00 20, T35
‘Arima 4,083 - 8.92 8,812 9,598 5.80 12,250 15, 634 ~3.00 18, 124
3.8 Tacarigua 15, 558 2.13 20,02 20, 447 2.50 23,134 26,174 2.00 28, 848
3.4 Saddle Road 53,759 0.27 - 55,068 55, 215 0.30 56, 048 96, 834 0.50 58, 331
3.10 §t. Augustine 19,124 213 2300 0 23,600 29 26, 703 30,212 2.00 33, 356
3.11 Tunapuna 21,764 213 26, 300 25, 858 2.50 30, 389 34,382 2,00 37, 961
4. ARIMA 37,302 5,07 58, 241 51, 487 3.18 71, 608 84,175 2.22 93, 937
Borough 24,112 2.37 28,775 30, 481 1.60 32,036 33,670 1.00 - 395 388
Ariga Ward 13,150 8.92 28, 466 31, 008 500 39,572 50, 505 3.00 58, 549
5. SANGRE GRANDE 43, 634 2.41 54, 358 55, 756 2.68 63, 631 72,647 2.08 80, 536
Valencia 1,604 8.5¢ 3, 367 3, 696 C O 4, 666 5,355 3.00 . 6,904
Manzanilla 21,395 2.06 20,697 26,229 2.90 - 28,072 33,571 2.00 37,065
Tamana - 7,629 2.13 9, 218 9,415 2.90 10, 652 12, 052 - 200 13, 306
Turure i2, 862 2.33 15, 897 186, 276 2,50 18,414 20,834 2.10 23,003
San Raphael- 143 2.49 i78 183 2.58 207 234 2.00 258
§. WALLERFIELD - 18,838 .7 26,233 27, 365 140 32,31 38, 243 2.51 43, 285
Tacarigua - 2,585 2.1 3124 3,190 2.50 3, 609 4,084 2.00 4,509
Arima Ward 3,021 8.92 B, 520 7,101 500 9,063 11,568 3.00 13, 410
San Rafael 4,328 2.49 5,399 9,533 2.50 b, 260 7,083 2.00 7, 820
Cunupia 8, 934 257 11, 251 11, 540 3.00 13,378 15, 509 2.50 17, 547
7. TOCG 5, 681 2.7 8,527 8,161 3.00 10,157 11,175 2.50 13, 322
Matura ' 1,513 2.54 1,836 1,944 - 3.00 2,254 2,613 2.50 - 2,956
Toco 5, 168 2.81 6,631 - 6,817 3.00 7.803 9,162 2.50 10, 366
8. CARONI 150, 634 213 182,28 186,144 2,91 211,233 239,84 2.39 289,840
8.1 Caroni 6, 640 2.3 8, 264 8, 461 2.79 9,707 11,138 - 2.2% 12,404
Tacarigua 2,054 2.13 35T 3,648 2,50 4,125 4, 667 2.00 5,152
Cunupia 3, 736 2.57 4,694 4,815 3.00- 5,582 6, 471 2.50 1,321
8.2 Cunupia 43,142 2. 51 94, 204 59,597 2.9 64,294 74,358 2.48 84,034
Cunupia 4,803 - 257 6, 161 6; 319 3.00 .35 - 8,492 2.50 9,508
Chaguanas 35,783 2.63 45,209 46, 399 3.08 53,789 62, 356 2.50 170, 550
Montserrat 2,458 1. 60 2,814 2,879 2.00 3,118 3,910 2.00 3,875
8.3 Chaguanas 51, 386 230 61, 835 63, 264 2 12,288 82,639 2.44 93,230
Chaguanas 34, 087 2.63 43, 065 44,200 3. 00 1, 240 59, 401 2.50 67, 266,
Couva 5,419 155 19,818 16, 986 2.00 12,130 13,392 2.50 15,152
Montserrat 5, 830 1. 60 7,950 8,078 2.00 8 419 9, 847 2.00 10, 872
8.4 Louva 50, 456 1. 55 57, 921 58, 823 2.00 64, 845 71,704 2.24 80, 102
fouva 24,062 1.55 21,637 28,085 208 30, 886 34,211 2.50 38, 707
Montserrat 10,095 1. 60 11,649 11, 835 2. 00 13,067 14, 427 2.00 15, 929
Pointe-a-Pierre 15,238 150 18, 642 18, 922 200 20,81 23,066 2.00 25, 465
9. MAYARO 9,304 0.58 9,942 10,4022 0.98 10, 560 11,054 123 13, 752
Guayaguayare 7,420 138 8,397 8,513 1,50 5,171 9, 880 L350 10, 643
Trinity 469 -5.38 . 286 210 -5.00 208 161 -2.00 148
Cocal 1,465 -1, 6§ 1, 266 1,239 ~2.00 1, 328 1,012 -1.00 963
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Table IT-2.1 POPULATION PROJECTION BY WATER AREA (2)

Annual
Rate of .
CENSUS Growth  ESTIMATED ESTIMATED
POPGLATION  Over 9 POPULATION POPULATION
WATER AREA 1980 Years (%) 1989 1890
10. RIO CLARG 241, 876 1.27 271,062 274,591
10.1 Arch Trace 45, 918 D.34 47,325 47,53
Cocal . 8,878 -1. 66 7,636 1,509
Charuna 12, 650 -0.93 11, 634 11, 526
Poinfe-a-Pierre 5, 511 1.50 $, 303 6, 398
Ortoire 6§, 498 1.%4 1,124 1,873
Savanna Grande 12, 380 ‘1. 40 14,028 14,224
10. 2 Princes Town 43,313 1.59 49,971 50, 765
Naparima 4, 369 145 4,975 5, 047
Yoruga 5, 788 2.06 6, 952 7,005
Ortoire 1,317 1.94 8, 697 8, 866
Savanpa Grande 25, 89¢ 1.40 29,347 29,7157
10. 3 Barrackpore 44,114 1.46 50, 261 50, 995
Naparima 7,800 1.45 8,984 9,115
Horuga 2,395 2.08 2,829 2,887
Savanna Grande 2, 606 1.4D 2,953 2,994
Siparia 31, 263 1.42 35,495 - 35,999
10. 4 Fyzabad 51, 584 1.44 58, 677 59, 923
Naparima 33,210 1.45 31,816 18, 366
. Siparia 18, 374 1. 42 20, 861 21, 157
10,5 Palmyra 38, 946 1.47 44, 3939 45, 050
Pointe-a-Pierre 13,075 150 14, 954 15, 178
Naparima 23, 321 1.45 28, 62 26, 948
Savanna Grande 2,544 1.40 2,883 2,923
10. & Harabella 17, 941 1. 45 20, 429 20,726
11. SAN FERNAKDO 33,395 -1.12 3,180 29, 342
12. SIPARIA/ERIR 28, 556 L4 33, 638 M, 125
Siparia 19,152 1.42 21, 744 22,0583
Erin 10, 404 L50 11, 894 12,072
13. POINT FORTIX 44, 718 1.40 50, G6B b1, 368
Borough 186,710 1,12 13, 493 18, 703
Erin 384 150 138 446
Cedros 9,320 1.77 10, 816 11, 109
. La Brea 18, 305 1.44 20, 812 21, 111
14, NORTH COAST 1,705 330 2,285 2, 360
15, TOBAGO 39,524 3.58 54,223 56, 185
15.1 Leeward Section 29,780 3.90 42,027 43, 689
5t. George 4, 580 Ay 5, 678 5,815
St. Andrew 10, 935 411 - 15,707 16, 352
8t. Patrick 7,859 5.25 12,455 13,109
St. David §, 406 2.76 8, 187 8 413
15. 2 Windward Section 39, 744 2.53 12,136 12, 505
St. Mary's 2,291 341 3,087 3, 202
5t. Paul 4,637 2.24 " 5,698 5, 786
St. John 2, 816 2.25 3,440 3,517
TOTAL 1,055, 753 151 1,208,515 1,228 780
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Annual
Rale of-
Growth  PROJECTED PROJECTED
(%) POPULATION POPULATION
1990-2000 1995 2000
.46 294,215 315,688
0. 60 48, 829 50, 464
-2.00 6, 788 6, 136
-1.00 10, 951 10, 424
2.00 7,084 7,799
2.00 8,693 9,598
1.50 15, 323 16, 508
L73 55, 310 60, 282
1.50 b, 437 b, 858
2.50 8,028 8,083
2.00 9,739 16, 807
1.50 32,067 34,534
1.56 55,092 58, 527
1.50 9,819 10,578
2.50 3, 256 3,695
150 3,226 3,475
1.50 18,781 41,718
1.50 64,123 59,079
1.50 41, 331 44, 525
1.50 22,792 24, 554
1.50 48,532 52, 283
150 16, 352 17, 616
1.50 29,031 31,275
1.50 3,149 3,302
1.50 22,328 24,054
=100 28, 380 26, 889
1.50 36, 763 34, 684
1.50 23,758 25,594
1.50 13,005 14,010
1.61 55, 636 60, 265
1.50 20, 148 21,705
1.50 480 517
200 12, 266 13,542
1.50 22,142 24,500
3.060 2,736 3,172
352 645, 707 79,415
.85 52, 723 83,11
2.50 5,579 7,444
C4.00 19, 895 24,205

5.00 16,731 21353
2.50 4,518 10,710
2.26 13, 984 15, 644
.00 3,13 4, 304
2.40 B, 388 7,053
2.00 3, 883 4,288

180 1,340, 363

Bate of
Growth
[£9)
2006-2005

L R el e T e N e i al alal alal:
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.50
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1. 63

PROJECTED
POPULATION
2005
339, 695
52,992
5,835
10, 166
8 611
10, 997
17,783
65, 722
6,310
10,276
11,932
37,203
G4, 327
11, 396
4,181
3,743
45, 007
74,418
47, 966
26, 452
96, 324
18, 877
33, 692
3, 654
25, 913
26, 321
42, 665
21,512
15,033
G5, 285
23,382
557
14, 952
26, 394
3,802
90, 616
13, 530
8 21%
28,050
25, 361
11, 881
17, 085
4, 869
4,598
4,619

1,592,372
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Table 11-2.3 ESTIMATED 1989 POPULATION

Estimated
Number of Number of - Annual
fouscholds Population Households Average Estimated Population
as of Census as of Size of Population Growth Rate
Area 1980 Census 1980 Oct 1989 Household 1989 %)
1. Port of Spain 15,083 55, 800 14, 482 31 44, 894 -2.39
2. San Fernando 7, 930 38, 395 1,942 3.8 30, 180 -1.12
3. Arima Borough . 5,128 24,112 6, 167 4.4 29, 178 2.3
4. Point Portin Borough 4, 083 16, 710 5, 137 3.6 18, 493 1. 13
5. Diego Martin : 20, 122 88, 152 25,725 3.9 100, 328 1.37
6. St. Am's 37, 649 157,729 41, 428 3.8 181, 569 0. 27
7. Tacarigua 21,672 97, 620 30, 248 39 111, 967 2.13
8. Rest of St. George
Arima Ward - 4, 326 20, 294 11,230 3.9 43, 197 8.92
Blanchisseuse 466 1,766 586 3.9 2,285 3. 30
San Rafael 962 4,471 1,430 .9 5, 5711 2.49
9. Caroni
Montserrat 3,069 19, 441 5,211 4.3 22,433 1. 60
Chaguanas 14, 141 $9, 870 20, 529 i3 88, 275 2.63
Cunupia 3,476 17, 593 5, 141 4.3 22,106 2.51
Couva 6, 771 33, 481 8, 943 4.3 38, 455 1.55
10. Nariva/Mayaro _
Cocal 2, 151 10, 344" 2,281 3.9 '8, 896 ~-1. 68
Charuma 2,539 12, 650 2,983 3.9 11,634 -0. 93
Guayaguayare 1, 938 7,420 2,188 3.9 8. 397 1.38
Trinity 139 469 13 3.9 285 -5. 40
- 11. St. Andrew/St. David
Toco 1,383 5,168 1, 542 4.3 6, 631 2.81
Yalencia 365 1,604 183 4.3 3, 367 8.59
Matura 379 1,513 441 4.3 1,896 2.5
Manzanilla 4,639 - 21,395 5,976 4.3 - 25,697 2.06
Tamana 1,573 17,629 2,144 4.3 9,219 2.13
Turure 2,715 12, 862 3,697 4.3 15, 897 2.38
i2. Victoria
Ortoire , _ 2,788 13,815 3,132 4.4 16, 421 1.94
Naparima 18, 453 86, 737 22, 447 4.4 - 98, 767 1. 45
Pointe-a—Pierre 7,214 34, 885 9, 068 4.4 39, 899 1.50
Moruga - ' 1, 775 8, 143 2,223 4.4 9,181 2.06
Savanna Grande 8, 164 43, 429 11, 184 4.4 49, 210 1. 40
13. St. Patrick _
Siparia 14, 047 68, 789 117,750 4.4 18, 100 1.42
Erin 2,338 10, 788 2,803 4.4 12, 333 1. 50
La Brea 4, 264 18, 305 4,730 4.4 20, 812 1. 44
Cedros 2,044 3, 320 2,481 4.4 10, 916 1,717
14. Tobago . N
$t. George ' 964 4, 580 1, 208 4.1 5 6178 2.42
St. Mary's 500 2,201 ‘ 659 4.1 3,097 3. 41
St. Andrew 2,562 10, 935 3,342 4.1 15,707 4,11
St. Patrick 1, 842 7,859 2, 650 4.7 12, 455 5.25
St. David 1,384 6, 406 1,742 4.1 8, 187 2.16
St. Paul 943 4,637 1,204 4.1 5, 659 2.24
St. John 637 2,816 732 4.1 3, 440 2.2h
TOTAL 234,727 1,005,763 294,833 4.1 1,208,515 1.51
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Table 11-2.4 PER CAPITA WATER DEMAND

PER CAPITA WATER DEMAND 1990/18%5

: (1ped)
1990 1995
URBAN | SEMIURBAN __RURAL URBAN | SEMIURBAN RURAL
DOMBSTIC | 240 | 20 180 250 | .. 230 185,
_INDUSTRIAL/AGRICULTURAL } .. VS S W b A 12 ] 12 4
COMMERCIAL/PUBLIC 5 4] 2 ] 6 2
SUB-TOTAL{NET) 255 235 | 186 268 248 191
UNACCOUNTED-FOR WATER 255 235 186 179 165 127
TOTAL hl0 470 312 447 413 318
Note: Percentage of UFW: 50%(1990), 40%(1995) :
Agricultural demand includes water for llvestocks but not for irrigation.
Total Demand = Net Demand/(1-UF¥ Ratio}
PER CAPITA WATER DEMAND 2000/2005
(1ped)
2000 : 2005
URBAN | SEMIURBAN RURAL URBAN | SEMIURBAN RURAL
DOMESTIC | 280 ) 240 180 f ... 2104 250 195,
INDUSTRIAL/AGRICULTURAL | . M U8 I Y — 18| i
COMMERCIAL/PUBLIC 1 1 2 8 B 2
~ SUB-TOTAL(NET) 281 261 196 294 274 201
UNACCOUNTED-FOR WATER 120 112 84 14 69 50
TOTAL 401 313 280 368 - 343 251
Note: Percentage of UFW: 30%(2000}, 20%(2005)
Agricultural demand includes water for livestocks but not for irrigation.

Total Demand = Net Demand/{l-UP¥ Ratio)

Table 11-2.5 SPECIAL INDUSTRIAL WATER DEMAND

{1ped)
. SPEC]AL
YEAR INDUSTRIAL UFW TOTAL
{NET)
1590 63 63 126
1995 10 46 115
2000 (i 33 110
2005 85 21 106

Note: Percentage of UFW:

/50%(1990), 40%(1995),

Total Demand = Net Demand/{i-UFW Ratio)

Allocation for five water areas:

Port of Spain
Barataria

St. Joseph
Aroueca

Couva

30%(2000) and 20%(2005)

Ir-2-12

6. 14%
6, 35%
13.51%
5 T1%
68, 30%
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Table 1I-2.8 ESTIMATED DEPENDABLE YIELDS (1)
) . ¢+ Estipated
DISTRTGT HAME OF PRODUCTION FAGILITIES KitD SIRFACE WATER GRODHDYATER TOTAL
OF RATERRORKS /YREATHENT PLANTS oF RAINY DRY | RAINY DRY RATNY RY
| WASA INTAKES, WELLS AND SPRIKGS SCALE | (w3/d) | (w3/d) | (e3/d) { (m3/d) | (w3/0) | (3/d)
RORTHl | 1. _CGARONI/ARENA TREATMENT PLANT TARGE-S_ | 272,760 [ 272,760 --—- ~-— | 272,760 | 272,760
CENTRAL [ 2 1+ VALSAYN WATERWORKS .
[ 37+ TACARIGUA WATERWORKS ___~~
4. LAS LOMAS WATERWORKS __ .
| 51 _ CAGRA WATERWORKS .
61 LOANGO/NARANJO WATERWORKS
|71+ AROUCA WATERRORKS ___  ________
| 81+ ST JOIN' S INFAKE ___ .
| O+ ME DTOR TNTAKE _CTT T
[ 10 7+ WATERFALL ROAD INTAKE _~~ " __
| L1y ¢ LOANGO INTAKE ________________
12+ LOPINGT INTAKE " ___ D T .
131+ SURREY [NTAKE
: LARGE-5 272,760 | 272, 760 272,760 | 272,760
: HEDIUM-G 0 0 53,190 | 53,180
: HEDIUM-S 14,540 | 11,308 14,540 | 11,308
: SHALL-G 0 0 853 653
: SHALL-S 713 713 713 713
; T SUB-TOTAL 283,013 | 264,781 341,856 | 936, 624
NORTH 114 . _ NORTH GHOPOUCHE WATERWORKS
EAST |15+ HOLLIS WATERWORKS ~ "~ "~~~
16 1 GUANAPO FATERWORKS ___________
| 177 _ ARIPO_HEW WATERWORRS .
[18 1+ ARIPO INTARE """ "" 77770
197+ QUARE_INTAKE (VALENCIA) .
20 = T0C0 WATERRORKS _____ .
217« ARIMAMELL 86 T T .
[22 7+ SANS SOUCT INTARE ——~ """ """
23« LOS ARMADILLOS INFAKE ~
[ 24 7+ FOUR ROAD/TAMANA INTAKE ~_~_°_ ~
25 1+ CUMACA TNTAKE ~ """ 777777
26 1« MATURA INTAKE ~~~ "~ "~ """ -
| 27« MATELOT INTAKE ~~ _ - -
| 28 2 + GRAND RIVIERE INTARE ~~~__~ "~
29 o+ SALIBEA INTAKE
307+ MONTEVDEO INTAKE _——
[ 311+ MORNE LA CROIX INTAXE -
32 1+ BRASS0_SEGO-PARTA INTAKE
. LARGE-S 121, 951 ) 69,625 I 0] 121,951 ] 69,825
. MEDIUM-S 3,522] 28.414 0 0| 31,522 78,414
: SWALL-G 0 0 644 544 B44 £44
: SHALI-S 942 842 0 0 842 a4z
j SUB-TOTAL 154, 415 99, 181 544 544 | 155,059 ] ,8&
NORTH |33+ FOUR ROADS WATERWORKS REDRNG 3 - - coo 1 28,9000 78,900 28,9007 78 900 ]
WEST [347+ EL SOCORRD WATERWORKS MEDIUMG } "~ 24,126 " 24,126 | " 24,126 [ 24,126
' re BLANCHISSEUSE 1337 . . I I Y T ¥ e R T Y )
: MEDILM G _ 81,785 | 8L 786
‘ WEDIUM-S 20| 1,543
— SMALL-§ 1,490 71, 430
SUB-TGTAL 95,376 | 64,819
PORT |50« SAVANMAH WELLS | WEDIR© 17,270 _ 12,270
OF [ 511+ KING GEORGE V' PARK WELLS ~~~~ "] REDIUM-G J10,340 © 10,340
SPAIN [S27+ST GlAIRWELL T TTTTCY ¥EDIUN-G | [~ Ti,820 1,820
93, - MOKAWELLS ] MEDIUM-G | [~ 1,800 1,59
| 94 1+ BARAVAL WATERWORKS. — ~_~ "] NEDTHH-5 | TTE 6T 4.7
551+ PARAMIN WATERWORKS __~~""""77" SALLG 7= | e T T 01 " 390]
[ 36 14 ST ANN'S WATRWORKS —~ " "7 7C R RN 2 N B D B B0 640 |
57 1 » CASCADE INTAKE """ "" " - LT T T T i B S Wiy 207 |
56 "« DIBE INTAKE " """ TTTTTTT SHALLS | [ I 5]




Table II-2. 8

ESTIMATED DEPENDABLE YIELDS (2)

. + fstimated
DISTRICY NAME OF PRODUGTION FACILITIES KIHD SURFACE WATER GROGNDFATER TOTAL
OF WATERWORKS/TREATWENT PLANTS OF RAINY DRY RATNY DRY RAIRY DRY
HASA INTAXES, WELLS AND SPRINGS SCALE w3/0) | w3/} | @i/ | {w3/d) | {e3/a) | (=3/d) |
159, ¥ ARIAPITA INTAKE SMALL-S 138 138 = = 138 138 |
| MEDIUM-G % 0 6] 26,020] 25,020 26,020| 26,020
. HEDIUM-S 5, 910 4,170 0 0 5. 810 4.770
, SHALL-G 1} 0 390 390 390 330
X ~ SHALL-S 1,34 1,330 ] 0 1, 330 1, 330
\ _ SUB-TOTAL 7,240 6, 100 26, 410 26, 410 33, 650 32,510
SAN 60 ¢ _ CARLSEN FIEED WATERWORKS MEDTUN-G | .
FERNANDO | 61 FREEPORT WATERWORKS MEDIUM-G
/S0UTH . MEDIUM-G
CENTRAL \ SUB-TOTAL
SOOTH |62 NAVED WATE@WORKS _______ | LARGE S~
EAST [63) MALOMBY WELLS — "~~~ ] HEDIOH G |
(640 AMOCO_TOUMNEBRTOGE WELLS ~ " 7 HEDIUM-G |
65+ _ GUARACARA SPRING " T T | SHALL-G |
| 66+ GUAYACUAYARE WELL #1 | SHALL-_ ]
(67 MAYAROWELLS T 0 _ | SWALL 6 |
|66+ WORICHAL SPRING . SHALL-G_ ]
|67 MAVO SPRINGS .. SHALLG_ ]
70+ BICHE WATERWORKS SMALL-S
| LARGE-S
) KEDILM-G X
K SHALL-G '
. SHALL-8 259 0 0 259 259 |
j SUB-TOTAL 77, 533 b, 725 B, 725 84, 264 | B4 284
SOUTI {71 . CHATHAN WATERWORKS ____________ HEDIUN-G | - | .80} 6780 67501 5.750]
WEST {72  PENAL WATERWORKS ~ T . HEDIH-6 | [ C35001 " "3.508 23,5001 3,500
73 7 SIPARTA (COORA) WATERRORKS ______ MEDIOM-G Y - o ] 3,087 3031 3.0] 301
(741  GRANVILLE WATERWORRS | HEDI(H-G “1oCz0) 2. g0 28007 2,800
751~ FYZaBAb WATERWORKS | HEDIH-G | CboTiseaf nsee ] 1500 1,500
767 _ CARAPAL WATERWORKS - | HEDIUM-G | “1o Lol Cydod] 1400 1,400
| 777 CAP DE VILLE RATERMORKS ~ ~ | SHALL-G__ _fo-iok] 008 | 1,006 1,006
78 | _ POINT FORTIN WATERAORKS = | SALL-G ) oDl d il W 90| 90| 90
757 CLARKE Roap WELLS. —~______ | SALLG ) o T 631 623 | _s23| 623
|80+ TEXACO TO GUAYAGUARE _____ (| T i R S 180F "0 o T 180 |
|81 1« TRINTOC YO TECHIER ___ | SALLG | o | b L 56 - L) 5]
82 . TRINTGC TO PT. TFORTIN SMALL-G ——== - 69 i) 69 [ 59
j MEDIUM-G 0 ] 18, 983 18, 983 18, 983 18, 981
j SMALL-G _ 1] 0 3,013 3,013 3,013 3,013
: SUB-TOTAL 0 0 21, 996 21, 996 21, 996 21, 996
o LARGE-§ - 471,991 | 418 865 0 0 471,931 | 4if, 864
\ MEDIiG !} 0} 159,8711 199,871 | 195,871 | 198 871
TRINIDAD ] MEDIUM-S 54,072 46, 035 0 0 54, 872 46, 035
: SMALL-G 1] 0 8,873 8,873 8,873 8,873
} SHALL-§ 4,734 4,74 1] 1] 4,734 4,734
| TOTAL 530, 797 | 470,634 208 744 | 208,744 | 739,541 [ 674,378
TOBAGD |83 1 _ HILLSBOROUGH WATERWORRS | WEDIUHS 8,
841 _ COURLAND WATERWORKS | HEDTOH-5 |
|85 HILLSBOSOUGH WEST RIVER | MEDIUN-S |
86 1 GREEN RILL INTAKE  _ ~ " ] MEDTUM-S |
(87~ KIAGS BAY WATERWORRS ~ 7770 | HEDI(H-S |
88, _ RICHWOND WATERWORKS ~~ "~~~ | MEDTUM-S |
(897 TCRATG MALL INTARE T | HEDIUH-S |
(90 GOV FARMWELL #3_ T ] SHALL-G_ |
(91" CHARLOTTEVILLE ~ "] SHALL-S
9zcespEvsIE ] SHALL-S_ |
T . S | SHALL-S |
94 0+ PARATOVIER " """ T 100 0. SHALL-S |
961+ LTANSE FOURMI ___ "] SHALL-S_ |
95 + BLOODY BAY SMALL-S
V UEDIUM-S
, SHALL-G 1] 0 335 335 335 335
' SMALL-S (82 (82 0 1] 682 682
) TOTAL 31,414 3i, 414 335 335 31, 749 31, 749
. LARGE-S 471,991 | 419, 865 0 B3 471,991 | 419,865
TRIRIDAD J MEDIUM-G 0] - 0 196,871 | 196,871 ] 198 871 199,871
AND j MEDIUM-S 84, 804 76, 767 0 i} B4, 804 76, 7167
TOBAGD : SMALL-G 1 0 0 9, 208 9, 208 g, 208 9,208
. SMALL-S 5, 416 5,416 0 0 b, 415 5, 416
' GRAND-TOTAL 562,211 | 502,048 | 209,079 209,079 | 1,290 | 713,127
NOTE: - " + " MEANS NO INSTALLATICN OF FLOW METER AT THE EXISTING PRODUCTION FACILITIES.

- " -§ " MEANS OBTAINING RAW WATER FROM SURFACE WATER.
- " -G " MEANS OBTAINING BAY WATER FROM GROUNDWATER.
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3. STRATEGIES AND CONCEPTS FOR DEVELOPING WSSS

To develop the Water Supply Supervisory System (WSSS) in Trinidad and
Tobago, strategies and concepts are worked out in line with the design
objectives of the existing Central Supervisory System (CSS). The design
objectives for the existing CSS are presented in Section 4.5 "Existing Cehtral

Supervisory System", Part I of this report.

It is convinced that the newly proposed system with various equipment and
facilities are to be developed and operated to accomplish the designed
Punctions of WSSS.

WASA has experienced operation and utilizdtion of the existing €SS since
its inauguration in early 1980's. Monitoring was the major targeting function
of the existing (€SS, aiming at gatherihg and accumulation of information/data
regarding the current operational status of entire water supply system.
Through these experiences, however, it was found that the originally plamned

monitoring was not satisfactorily achieved nor fulfilled.

The major reasons for above were a) absence of the very basic information/
data on watef supply system necessary for the practical daily operation and
control of the system, b} insufficiency of monitoring eguipment in number for
flow measurements especially at waterworks and transmission/distribution
mains, c) inadequate inventory records of the system, particularly of the
transmission/distribution mains and d) weak organizational structure for the
CSS, espectally insufficient back-up activities for developing the water

supply management plan and operation/maintenance for equipment.

Taking into account the above experiences, monitoring brocedures, integral
part of the WSSS, will be established in sections which follow. In addition
to the monitoring system improvement and expansion, an applicable system
automation, such as possibility of remote operation is discussed and

incorporated in the present master plan.
There are mahy motivations and necessity to monitor or record parameters

assocliated With the water supply supervisory system. In generalized terms,
four of the most significant applications of effective data collectlon are:

II-3-1



1} Optimization of resource usc in terms of water, power, fuels,
manpower, chemicals such as chlorine, alum sulphate, lime, soda-ash, -
etc,

2) Short-term planning for preventive maintenance of numerous equipment
and instruments, adoptive measures in emergency,.inventory control of
pipelines, pumping facilities. treatment plants, equipment spare
parts, chemicals and system operatibn for process adjustment and
control at waterworks, service storage vreservolrs and off-takes,

3} Lohg—term planning for water soufce development, expansion of
treatment works, transmission facilities, storage and distribution
facilities, system modification such as installation of flow neters,

pressure gauges, valves, pumps and pipelines, and

4) Enhancement of the water supply system management for quicker
decision making, improvement of service level to the customers,

internal exchange of accurate and prompt information within WASA.

Apart from the area of data applications, there exist four large-scale
production facilities (that exceed water production of 30,000 m3/d) in
Trinidad, namely, North Oropouche, Hollis, Navet, and Caroni. To supply
rather sparsely populated rural area, many medium and small scale systems in
Trinidad have been established together; 75 systems in 1989. In terms of
water production, the former produces '63.5% of total water production in
Trinidad in 1988. |

Waterworks consiructed in Tobago are 13 in number including 6 medium scale
and 7 small scale water supply éystems. Water production by medium scale
water supply system at Hillsborough, Courland, Richmond, Cfaig Hall, Green
Hill, and Kings Bay is dominantly large with 19,000'm3/d which accounts for
95.2% of total production in Tobago in 1988.

In due consideration of the present water supply conditions in Trinidad

and Tobago, water supply supervisory system will be proposed in the sections
which folliow.

1I-3-2



4. PROPOSED WATER SUPPLY SUPERVISORY SYSTEM

The Water Supply Supervisory System (WSSS), targeting the year of 2005, is
proposed in the following subsections. Proposed WSSS consistent with the
existing €8S is based on the established strategies or concepts which are
described in the preceding Section 3.

The proposed WSSS consists of two sub-systems of 1) Central Supervisory
System (CSS) and 2) Local Supervisory System (LSS), as currently practiced by
WAGA. '

For master planning WSSS, a stage-wise development in.two phases {Phase IL:
1991—1995. and Phase I1: 1996-2005) is recommended, considering about the
present condition of the entire water supply system in Trinidad and Tobago,
and also the financial burden of the iﬁitial and succeeding investments to the

proposed projects in the master plan program.

4.1 TARGET

1) Establishment of an effective water supply supervisory system for optimum
water production and distribution im the entire system of WASA by

improving and exbanding the existing CSS.

- To increase the efficiency in operation of the water supply systen,
the operation status data/information on water levels, pressures,
flow amounts of raw water, treated water, distributed water are
indispensable. '

At present, the measurement equipment for these data/information are
inadequately installed. As for the existing CSS improvement in the
present study, the necessary.eguipment for the above system operation

status are planned to be installed for the optimum System operation.
- The current status of water production and distribution will be

expected and/or confirmed, with the estimated hourly and seasonal

variation using the gathered data for several years.
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2)

3)

4)

- After confirmation of the present status of the water production and
distribution through WSSS opération and associated studies and
' analyses, the standard system operation program will be formulated.

- This operation program will be:periodically reviewed and improved to
reduce operation costs for water production and distribution and to

attain optimal usage of water resources.
Stabilization of the proper distribution pressure

- Te achieve equitable water supply to each consumer, off-take flows

and pressures are controlled.
Centribution to the leakage control

- After execution of the universal metfering program,; and completioﬁ of
the metering system for the service connections, the leakage
condition in each water supply area could be obtained by comparing
the total flow amount at each off-take and the accumulated water
consumption by metering the consumers in the service arca. This
result may contribute to prompt execution of effective measures for

the leakage control.

Establishment of information flow for gquicker decision-making for the

water supply management

- An appropriate instructions to the operators will be given in real
time, for normalization of the water supply

- To find the problems and aspects to be improved on the water supply
operation and existing facilities, with analysis of the accumulated
data through the €SS, which contributes to quickly establish the next
planning step for water supply and the facilities improvement.

I1-4-2



4.2 WS88 1IN 2005

The finél status of the proposed WSSS at the master plah target year 2005

is highlighted hereunder. Fig. II-4.1 illustrates concepts of the WSSS.

4.2.1 €58 and LSS

1)

In order to monitor and operate the existing water supply system
effectively, the present water supply area of WASA is recommended to be

‘geparated into the two groups based on slze of the systen in water supply

amounts and numbers of facilities.: Namely, the area which is supplied
water from the four major sources of Caroni/Arena, North Oropouche, RNavet,
and Hollis.

They also have the many numbers of facilities and the large amount of

_water_to be supplied, and the rest of the areas which have many numbers

but smaller size and scatteréd facilities for smaller amount of water

supply. See the preceding Sections 3 and 4, Part I.

Based on this grouping of the system, the Water Supply Sﬁpervisory System
(WSSS) for the WASA's entire system operation and management, the Central
Supervisory System {CSS) for the first group of the large size system, and
the Local Supervisory Systenm {LSS)_for the second gronp of the smaller
size system, are formulated considering the most appropriate measures for

the operation and management in Trinidad and Tobago.

The water supply facilitles in the C88 covering area include many numbers
of intakes, waterworks/water treatment plants, booster pumping stations,
high 1ift pumping stations, transmission and distribution mains’' off-takes

with contrel valves,; and service storage reservoirs.:

And this area has an estimated capacity of water supply of more than 70
percent of the total amount of water supply of WASA.
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3) The water supply facilities to be covered in the LSS covering area also
include many numbers however, the lesser total amount of water is supplied
compared to that of CSS,

4) The data on water levels, pressures, flow amounts at the strategic paints
for the system of CSS are transmitted to the CSS building located in the
complex of WASA Head Office for the monitoring at same place and time.

) The operation status of the LSS covering facilities are reported to each
Regional Office from the respective District Offices under them, then
transmitted to the €SS building via on-line transmission system with
electroniéally input of its data into the individual computer by optical

character reader (OCR).

6) The pumps and control vaives in the booster pumping stations including the
existing Tumpuna Storage Lift Pumping Station, and the control valves at
the transmission and distribution mains' dff—takes are remotely-operated

from the €SS building or Caroni .Treatment Plant.

4.2.2 ¥S55 Hardware and Data Communication

Utilizing the existing system with facilities at maximum level, the
proposed CSS is planned to achieve its design functions as shown on Fig., II-
4.2, which presents WSSS hardware and data communication of this proposed
WSSS5.

€58

1) The data signals of water levels, pressures, and flow amounts which are
measured at strategic monitoring points at raw water storage reservoirs,
waterworks and transmission/distribution facilities including off-takes
are transmitted to remote terminal unit (RTU) first, then to CSS building
by the radic communication system.
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2)

3)

4)

5)

6)

As for the proposed data communication system, the existing sysfem of
radio communication is applied, compared to the other type of the data
communication system considering geographically locating situations,
WASA's sufficient experience of operation, and reliability with economy.

Cohtfol valves installed at off-takes on transmission/distribution mains
are operéted by automatic remote controls, via controller installed at
each site by operating valve control panel with mini-graphic display in
the €SS building. |

Pumping units and control valves in booster pumping stations are operated

by remote control at the control panel 1h the €SS building.

The pumping units and discharge valves in the existing Tumpuna Storage
Lift Pumping Station are operated by remote control by the existing
control panel, installed at Caroni Water Treatment Plant. This operation
is directed under the CSS information through the main computer in the CSS
building.

Data signals received at the CSS building are coupiled and processed by
the main computer system, as they are displayed on the graphic panel as
well.

The display style of the collected information is planned for the combined
system of the fixed large graphic panel and the CRT {cathode ray tube)
display, based on the following reasons:

- To display the total system information on a large graphic panel to
enable observation of the operation status of the entire system at a

same dimension or level base .

- This aims at easy monitoring of the complicated total system for
qulicker decision-making.

- Detailed information which are not indicated on the graphic panel are
presented on CRT units more precisely for substantial monitoring.

I1-4-5



7)

8)

9}

10}

- The information displayed on CRT are made into hard copiles for
reporting and for discussion materials.

The computer system and radic communication unit for data communieation in
CSS building, and the radio repeater unit are designed to be installed as
dual-system units so that the system can secure the reliability and safety

during an emergency.

RTUs are installed to receive and transmit the data, measured at
respective facilities in the system. RTUs are designed to be installed to
cover the distance within 2 km from the system measurement points where
instruments are installed, based on the limit of data transmission system

by cables.

To secure the reliability of operation of the planned equipment, the
capacity of uninterrupted power battery units for repeater station
equipment are designed to last for over four hours capaeity. while that
for the CSS building equipmeht and each RTU units are designed fof one

kour capacity.

Taking into account the present condition of existing facilities or
equipment, the newly proposed facilities are designed as new products or
materials. Since, the existing facilities and equipment are considered

not to be used for the future system.

However, those equipment which are capable for further usage for the
proposed system are considered to be utilized at maximum level so that the

project costs could be lowered,

Such facilities or equipment are the existing stand-by generator in the
existing CSS building, the repeater station facilities on Pepper Hills
with its antenna tower and building structure, and, the remote operation
devices/unit installed at Caroni Treatment Plant, for remote operation of
the existing Tumpuna Storage Lift Pumping Station's equipment, are
considered to be utilized again with necessary repair works. '
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Installation of work stations at these regional offices of South, North,
and Tobagq is blanned. Each of work stations consist of a computer system
equipped with'the individual computer/CRT unit, OCR unit and the terminal
unit of the main computer in €SS building with normal computer functions.
Fach work station has following three functions:

- Data electronically input by OCR, transmit data to the individual
computer on LSS weekly operation status of LSS under the respective

Regional Offices.

- Monitoring the water supply operation status of WASA's entire systenm,
compunication to the main computer in €S8 building, its system status
is monitored by the CRT unit installed at each Regional 0ffice.

- Individual computer function; each work station will be installed
with the individual computer unit for respective use purposes in

Regional Offices.

A list of WSSS hardware with its purposes_is presented in Table II-4.1.
The equipment in the list is designed to achieve the previously described

functions.

Further, lists of the monitoring and control equipment to be installed for
WS5S are presented in Tables 1I-4.2 and I1I-4.3. These eguipment are designed
for the previously described supervisory functions of water supply system

status.
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4.2.3 ¥WSSS Monitoring/Control
€88

1) Level meters, pressure gauges, and flow meters are installed at each

facility to measure the water levels, pressures, and flow amounts.

The existing monitoring equipment which are in usable conditions now, are

put in use continuously for the future system operation.

2} Control valves are designed to be installed at each off-take on the
strategic points on transmission and distribution mains, to control water

flows and pressures at respective off-takes.

3) The automatic control valves at all service storage reservoirs are
designed to be installed to stop excess over flows from the respective

reservoirs.
LSS

1) Installation of flow meters with recorder at each outlet pipe of the

production facilities.

4.3 STEPWISE DEVELOPMENT

As mentioned in the preceding sub-section, the master plan fof WSSS is
formulated in two-phase developments (Phase I: 1992-1995 and Phase 11: 1996-
2005), considering about the present conditions of the water supply system in
Trinidad and Tobago, and the financial burden of the proposed projects in the

master plan.

The proposed development plan is designed to be implemented in two phases
as follows. In phase I, the major equipment of €SS and the necessary
equipment for monitoring system with RTUs and control units of valves are

designed for installation. Further, this Phase includes the remote operation
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units for six booster pumping stations and the remote operation devices to
control the existing pumping and valving equipment at Tumpuna Pumping Station.

Regarding the control valves for off-takes on the transmission and
distribution mains, in Phase I, the valves and its remotec operation devices

will be installed in Phase 1.

In the initial/first step of system operation, automatic valve operation
setting is made by manual input at sites for a trial. After valve control
operation is practiced, and the actual opération status data are collected and
analyzed, the operation target setting will be established to operate remotely
from the €SS building in the second step of system operation.

In Phase II, some eguipment and devices especially for CSS related
instrument and electronic appliénces which are installed in Phase I need to be
replaced, which have been in use for more than 10 years. Therefore, such
equipment and devices are planned to be replaced with new ones. And, the
remote operation devices for the control valves, installed at off-takes on the
transmission and distribution mains, are planned to be installed. In addition
to this in Phase II, work stations at each Regional Offices and flow meters

with recorder for the waterworks in LSS are planned to be installed.

Immediate projects are recommended in this Study, as a substantial part of
the Master Plan, which require to undertake the ongoing "Universal Metering
Program"'and the planned "Leakage Reduction Program”" in an earliest timing in
the initilal stage of Master Plan improvement program (1992-1995).
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Table II-4.1 LIST OF

WS5SS HARDWARE

NARDWARE GUANTITY RCLE OF
COMPONENTS COHPDNEHTS
{Al CENTRM. DATA PROCESSING SYSTEM (CDPS) _ .
(1) CENTOAL, PROCESSTNG UNIT (CPUY | 2. DATK PHOCESSTNG, STORGE A0 REFRIEVAL, .. 77T
{ () EIED DISK ORWVE 777N TTaT T STORAGE OF ORRRTING S¥STe | 1ZTTITIIIITIIIIIIIII
¢ () FLEXIOLE DISK DRIVE "7 777 7TTTT[ T2 T YONTASTORGGE T TTTTTTTTITTTTITTIITT
¢ (4)CARTRIDGE TAPE DRIVE ~~~"""""""[ " 277 YDATASTORAGE Tt TToTm T
! (5)_COMANIEATION INTEREACE """ 7777177277 " [ CONTROL OF CAU AKD DATA' CAINIEATTON ~ T T 1 T ITITIIIIIIITIN
¢ (6)_SERIAL INVEREACE """ 17”5 " TDRRIPHERAL GONWROL - T TTTTTTTTmToCC
+ 1) SERIAL INPUT/OUTAUT INEREACE 7 Tf - " 227 JCONTROL,OF GRAPHIC DAL PP REOTE OPEATION & VALV REBOTE RS
PRI DISPLAY T TTTT[T727 T I DISPLAY OF GRAPHIC AND ALPHANIMERIC SMBOLS _  _~
PR COPTER T T | TiTTTCRT PTG copY T TTTTTTTTTTTTTTC
RA0) LINE PRINTER T T [T IDATA BRINGUY T T TTTTTTTTTTTTTToTmmmmmem s
KUY SERAAL PRINTER 7777777777377 TOERATION RePORT PRONIOU 110 1T 1T IITIIITITIIIITIIn
[(12)” SYSTEW GONSOLE """ 777777 ] GORTROL, OF CONPUTER SYSTEW T T TTTTTToTTTTTmTTm e
{(13) GRAPHIC PANEL " 777777 TTTTTTTET 17T T DISPLAY OF RATER SUPPLY SYSTEH AMD RONITORING DATA 11711 T11TTT
(L) MODEN "7 TTT T  MONLATION AND DEMODULATION OF SIGNAL T T TTTTTC
2(15) UNINTERRUPTIBLE PORER SUPPLY 1 BACK-UP PONER SUPPLY FDR EQUIPMENT OF CSS BUELDING
iB] REROTE TERMINAL URIT (KTU)
T (1) INTERVAL CONTROLLER | __45__| INTEAPRETATION BETREEN CPU AND FIELD NSTAURERTS _____________
; () SERIAL INPUT/QUTPUT TNIERFACE ~~"[ 48~ ] INPUT/OUTPUT CONTROL FOR MICROPROCESSOR . 7777~
T {3) PROGESS INPUT/QUTPUT TNTERFACE 48 ANALOG AND DISCRETE DATA CORTROL
(1] DATA RADIG COMMUNICATION SYSTEW
(C-SS BUTLDIKG)
() UNF TRARCEIVER | 2. | DATA CORRUNICATION BECHEEN G35 w_l_tpl_h_G_eN_D_I;E_PfetEB_s_TAII_Os ﬁﬁﬁﬁﬁﬁﬁ
| {2) COMMONICATION INTERFACE 73 CONTROL DF DATA COLLECTION . )
(REPEAThR STATION)
L) NF BEPENTER_______ T 2 | CORRINICATION RELAY PROW/OVEE
+ (D) VHE REPEATER ~~ """~~~ 27 7T TCOMMNIATION RELAY. FROMATO UK~~~ TT T
¢ (3 UNINTERRUPTIBLE PUWER SUPPLY 1 BACK-UP PO‘H‘ER SUPPLY FOR EQUIPMENT OF REPI:ATER STATION
(RTU STATEON) -
 ()_VHE TRARSCEIVER | 45__ [ DATA COWRINICATION BETWEEN RIU AN REREATER STATION.
¢ (2)_ COSUNICATION INTEREACE "~~~ "1™~ 48" [ CONTROL OF DATA TRANSMISSION . . TTTTTTTTC
' (3) UNINTERRUPTIBLE PORER SUPPLY 48 BAGK- -UP POWER SUPPLY FOR EQUIPMENT UF REU STATION
{D] REGIOMAL OFFICE
"L (1) WORK STATTON (CRT AND COMPUTER). | 3. _ | DATA INPUT, DISPLAY A AMAESES
¢ (2)GPTIGAL GHARACTER REAUER (06R). __ [ 7 37 _ | DATA ELECTHONICALLY INPUT INTO THE IROIVIOUAL CORUTER ~ 7 777 7C
' (3) HARD COPIER 3 CRT PICTURE COPY
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Table M-4.3 LIST OF WONITORING EQUIPMENT AND DATA UNDER LOCAL SUPERVISORY SYSTEM

PHASE 1 PIASE 11 PHASE 1 PHASE 1i
KUMBER OF FLOW DATA MONITOREN NUMBER OF FLOW DATA MONITORER
NO. FAGILITY KONITORING IN ¥ LY REPORT HO. FACILITY MONITORTNG [N W LY REPORT
FLOW DATA IN 1IN ED HUMBER FLOW DATA IN [N ED NUMBER
' LY REPORT METER GF DATA M LY REPORT METER OF DATA
RORTH CERTRA) .. AR S I somEsy T
1 { LOANGO/NARARJO ®8 (09) | 77T T T N O S 2 L ) A B TR A N
2 [LoANGo INTAKE (106) [ THTTTUITTC “TTU )71 7|48 {aMoco TOURNEBREDGE. WELA(tonj] T DT O O B T
3 {LOPINOT INTAKE (200§ T TY T 17717 {49 [ GUANAGARA SPRING (160) {777 TR L N
[ [0 ok INTaKE Qooj TR T 11700 |50 [ GUAYAGHAVARE WELL #1 (00 f 10 T 1 2 A
[ St JoS INTRE (1) | I TTU T[T 1T CT10T | ST [avano weLLs qaooy TTTTITTTOTC 6 J¥TIE e
b [SURRY INTAKE (100y 1 SR O V071052 [HoRiciAL SPRNG (loay [ TTITTT TR B N S
"7 | WATERFALL RD. INTAKE (100) | "+ 1 1 1753 [Mavo sprives Qooy T[0T T I N
SUB-TOTAL [ 6] 17 [1] 7 7 54 | BICHE WATERKORKS (150) 1 ¥ 1 1
GoRm e | SUB-TOTAL, [ 01 16 16316 | 16
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5. WSSS OPERATION AND MANAGEMENT
5.1 METHOROLOGY

This section presents the operation and management of the proposed Water
Supply Supervisory System (WSSS) which is formulated and proposed In the'
present study. Since the WSSS is a segment of WASA's water supply operation
‘and management under its organization, the technical aspects of WSSS is

focussed in this section.

The fundamental function of WSSS is to monitor the WASA's actual/present
operation status of the major four water supply system in the couniry under
the Phase I Project. Further in the next advanced step, the proposed WSSS
targets to formulate a practical water supply cperation program for all system
in the country, based on the analyses of the collected and accumulated
operation status data/informaiion., The following depicts operation method of
the W8SS at final stage of the project.

C88

The system operation status of existing water production facilities and
service areas for WASA core water supply system including the four major
sources, 1s monitored at CS8S building. This monitoring is practiced for 24

hours a day, by real time monitoring systesn.
The major monitoring items for CSS are:

- Alarm status of each facilities,

- Operating status of pumping units and valves at each booster pumping
statidns, |

- Operating status of contfol valves at cach strategic points,

- Water levels at impounding reservoirs and rivers,

- Water levels at clear water and service storage reservolirs,

- Water flows of raw water, waterworks and transmission/distribution
facilities,

- Water flows and pressures at each strategic points, and

- Leakage control related works.
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As for the operation status in LSS covering areas, the system operation
reports at weekly basis are planned to be prepared. And the necessary
information are telecommunicated by Regional Offices to the main computer
system in CSS building through the terminal -units of the work stations
installed in each Regional Office. The weekly operation status is also
compiled into the data files in the CSS building.

The medium and small-scale systems operation are monitored under LSS. The
weekly operation reports prepared by each regional office will compile data on
water production and distribution records into the each work stations by OCR,
which are reviewéd and evaluated with the water supply plans provided by the

¥SSS management in advance.
Major monitoring items for LSS are:

- Distribution records of waterworks, intakes and wells/springs, and

- Operation records of waterworks, intakes and wells/springs.

Water Supply Program Formulation

Regarding the optimum water supply program formulation in the following
stage, the efficient water production and distribution program is planned to
be fbfmulated. This plan could be effectively performed, utilizing the
consumption records which are obtained by the metering system for each service

connections under the "Universal Metering Program”.

;The production and distribution flow records are obtained by flow metres
installed under the proposed Phase I Project on the major facilities and
strategic points on the existing transmission/distribution mains for the (€SS,
and other production facilities for the LSS in Phase II Project.

Thus, an optimum efficient water supply planning is formulated based on

the locally available amounts of water production in the system and the water

demands in the respective service areas.
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The water production/distribution and consumption balances for each
service area are calculated and reviewed periodically, so that it could be
analyzed and interpreted to the system leakage and/or waste of water in each

service area, which could finally totals to all system loss of WASA.

Maintenance of the Fguipment and Facilitles Related to WSSS

To effectively operate the proposed ¥WSSS, the equipment and facilities
installed under the Phase T and Phase II Projects are planned to be
periodically and sufficiently maintained, by the staff specifiéally assigned
for this purpose. To accomplish the above malntenance works, spare parts with
necessary materials for the WSSS related equipment and facilities are planned
to be stored in the €SS building. And, it is aiso planned that they are
periodically replaced to maintain the practical 1ife of usage.

5.2 ORGANIZATION

To achieve the objectives and targets of the proposed WS3S described in
the preceding sections, an appropriate organization for the WSSS is
recommended as preSentgd in Fig. II-5.1. The recommended organization
structure for operation and management of WSSS8 is formulated to coordinate

with the present organization of WASA.

The proposed WSSS is composed of two sub-systems of €SS and LSS, following
the present practice of WASA. The CSS part organization is newly reccmmended
to operate the improved on-line system, while the LSS part is recommended

under the Regional Manager as it is pfacticed'now.

The €S8 organization structure consists of three parts of 1} operation
status monitoring, 2) water supply planning, and 3) maintenance of CSS

equipment and facilities.

This organization is formulated with objectives of the following three
major activities in the prbposed WSSS: 1) to perform the continuous monitoring
of water production and demands' variations for 24 hours, and to improve the

preventive measures against accidents occurred on facilities in the system, 2)
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to review and analyze collected data, and prepare appropriate water production
and distribution plans for each sub-system, and 3) to enhance a proper

maintenance system of CSS related equipment and facilities, respectively.

Especially, the planning sectlion in the recommended structure is cited as
an intensively récommehded part. This part is planned to perform an effective
utilization of the collected data and to promote the technology development

for the optimum level of water supply programming.

The engineers ‘assigned to the newly prepared positions are recommended,
those who have sufficient capability to execute the task-roles presented in

this report.

Regarding the effective use of manpower, most of the pump operators for
booster pumping stations and valve operators for off-takes are efficiently

transferred or recruited to other sections.

The major task-roles of each section in the above organization structure

are presented below:

Planning Section

- Review and analysis of data collected on water production and
consumption trends by water sources and transmission/distribution

mains basis,

- Water production/ﬂistribution and system with facilities operation

planning by seasonal and daily basis,
- Water supply technology development for optimum usage of service
storage reservoirs and economical water production and distribution,

and

- Existing and future water supply facilities rehabilitation and

expansion planning.
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Operafion Section

Continuous monitoring for water levels, pressures, flows at major
facilitles in the systenm,

"Status monitoring on emergency aspects occurred, operation direction

for booster pumping units and valve units, and necessary system

operation and control direction to each sites of system operation,
Remote operation of booster pumping and valve units,
Remote control of flow control valves at strategic points, and

Reporting on water supply by daily, monthly and yearly basis.

Maintenance Section

Maintenance planning for computer system, data communication
equipment, local insftrument, and CSS related equipment,

Periodical check and calibration, and its repair works for CSS
related equipment, and

Reporting of_maintenance records for €SS related equipment, including

information on accidents statistics records.

The task-role of the proposed (55 Manager is recommended to have an

important role, therefore his position is recommended identical to the

regional managers, under the Deputy Technical Director.
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5.3 TRAINING

Regarding the new system of WSSS operation, a training program is
recommended to be planned for the newly assigned/recruited staff for the
system operation, so that they could practically and efficiently operate the
improved and expanded CSS and LSS. This section describes the proposed

training program for WSSS operation and management.
Following items are recommended to be included in the training program:

- Thrbﬂgh sufficiently learning the operation methods and basic rules
for operation of the newly installed equipment/facilities, to confirm
the objectives and functions of the WSSS, - especially the new CSS is
needed. This matter is applied to all staff of WASA as well as the
staff assigned to the new CSS operation.

- It is necessary to prepare materials and methods for the above
purpose for all WASA's staff training,

- For CSS operation staff, as for the common knowledge of WASA's stéff,
the entire water supply system of WASA with its detailed functions
and components of each facility, is planned to be well informed,

- In addition to the above.item. the CSS staff are planned to be well
trained for the objectives and functions of the newly improved CSS

with each equipment together with facilities,

- To conduct the above training, following materials are required to be
prepared: detailed description on each facility with drawings, which
are equipped to the operators' office for future operation,

- €88 planning engineers ére'planned training of the software
application for the pipe net-work analysis and the optimum water
distributioh'programming, through the equipment operation test
running with substantial training by the system equipment suppliers,
since application software sets for pipe-network analysis and
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cconomic water distribution programming etc. arc planned to be
installed to the CSS computer system, and

- CSS operation engineers are planned training of operation and
maintenance technology for each facility/equipment installed in the
gsystem, Lo smoothly cope with any requirements for system operation.

5.4 INFORMATION FLOW

Table II-5.1 presents information flows in the proposed WSSS for decision-
makers, communication methods, operators, and operation and control methods of

each water supply facilities.
The major activities in the information flows are presented below:

- decision-makings for operation and control of €SS related facilities
are made by the Chief CSS Operation Engineer, and decision-makings

for LSS are done by respective Regional Manager,

- normal operation of each facility is executed following to the

Operation Manual prepared by €55 Operation Manager,

- any emergency modification of the operation status is transmitted
directly to the respective operation sites by CSS Operation Engineer

through the voice radio communication system,

- remote operation of the pumping and_valve'units at boostef pumping
stations and remote control of flow control valves at strategic
points are executed by Pump/Valve Operators using the data
communication network under direction of Chief €SS Operation

Engineer, and

- pumps and release valves at the existing Tumpuna Storage Lift Pumping
Station are remotely controlled by Operators in Caroni Water
Treatment Plant according to the direction of Chief (S8 Operation

Engineer,
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Table II-5.1 OPERATION ARD CONTROL OF WATER SUPPLY SUPERVISORY SYSTEM

COMSUNICATION
COXTROL OBJECTS DEGISION MAKER OPERATORS CONTRM, HETHOD |
HEANS
C 35S :
Raw Water Flow & Distribution/ | Operation Engineer | Voice Radio Operators at Waterworks | Manual Control
Transmission Flow at Waterworks |at €SS Building Commmnication ' i -Selection of Number of
) System Pump Operation

-Start/Stop of Pumps
-Valve Position Control

Reservoir

Comaunication
System

Storage Lift Pumps & Reservoir bitto Data Communication | Operators at Caroni Remote Mamial fontrol
Release Valve at Tumpuna System (CSS) Water Treatment Plant -Sclection of Number of
Puep Operation
-5tart/Stop of Pudps
-Open/Close of Valves
Booster Pumps & Control Valves Ditto Ditto Pump Operators at CS§ femote Hanual Control
at the Six Booster Pumping Building ~-Selection of Number of
Stations Punp Qperation
-Start/Stop of Pumps
-Valve Position Control
Booster Pumps at Aripo and Ariea Ditto Voice Radio Operators at Aripo Manual Control
Booster Pumping Stations Commupication Waterworks and North ~-Selection of Number of
Systenm District Office .|..Pump Operation
. -Start/Stop of Pumps
~Yalve Position Control
Flow Rate at Offtakes Ditto Data Communication | Conirel Valve Operators |Automatic Hemote Control
System (C5S) at GSS Building by Designated Flow Rate
Storage Lift Pumps at Navet WW Ditto Ditto Operators at Navet Manial Control
' Faterworks -Selection of Humber of
Punp Operation
-Start/Stop of Pumps
Water level at Service Storage Ditto Voice Radio Operators at Related Manual Control.

Ratervorks & Booster
Pumping Stations

-Selection of Rumber of
Pump Qperation at Related
Waterworks & Booster P/8

-Valve Position Conirol af]
the Above Site

Automatic Gontrol by

Attitude Valve .

L §S

Distribution/Transeission Flov
Rate at Waterworks :

Regional Manager

Voice Radio
Commnication
Systea

[lpérators at Waterworks,
Intake & Well

Manual Control
~Selection of Nuwber of
Pump Qperation and/ox
Valve Position Control
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6. COST ESTIMATES

The cost for the Projects in the Master Plan are estimated based on market
prices (March 1991) in'Japan and Trinidad and Tobago, and the data/information
obtained through the experienced_similar_projects in developing countries.
The cost estimate summary for the Phase I and Phase II Projects in the Master
Plan is shown In Table I[I-6.1, and the COst_estimates for the reconmended
Immediate Projects are presented in Supporting Report N "Data on Cost

Estimate”,

In estimating projebts capital costs, construction, engineering and
administration costs are categorized as shown in the figure. The physical
contingencies allowance is estimated to be 15 percent of the sum of the costs
for construction and engineering. Price contingencies is not included in Chis
figure. Value Added Tax (VAT) is considered 15 percent of the sum of the

costs for construction and engineering.

Project cost for Phase I Project is US$ 46,300,000 and that for Phase II
is US$ 39,200,000 as  summarized below. . Total project cost totals in US$
85,500,000.

SUMMARY OF PROJECT COST

(UNIT: ‘1,000 US DOLLARS)

- ITEM ' PHASE 1 PHASE 1 TOTAL
[1] CONSTRUCTION WORKS 131,600 22,800 54,400
[2] ENGTNEERING SERVICE _ 3;900 7,200 11,100

2] 35,500 30,000 65,500
[3]1 VALUE ADbED TAX 5,300 4,500 9,800
[4] CONTINGENCY _ 5,300 4,500 9,800
(5] ADMINISTRATION 2000 200 400
PROJECT COST 46,300 39,200 85,500
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7. IMPLEMENTATION SCHEDULE

In accordance with the target vear discussed in Sub-section 1.1 "Target
Year", and in consideration of works described in Section 4 "Proposed Water
Supply Supervisory System”, the implementation schedule of the whole project

of the Master Plan is worked out and shown in Fig. 1i-7.1.

A rather tight 1mplementation schedule has been developed for Phase I
Project as well as Immediate Projects. Phase 1 Project requires about four
years period from its initiation in mid 1992 to completion of the construction
works, taking into account the work volume, financial constraints and the time
required for foreign fipmancing. As far as Phase II Project is concerned, it
is essential that a feasibility study be prepared prior to its implementation.
It should be noted that Master Plan and implementation schedule is only a
general guideline, and is subject to changes/modifications as conditions

warrant.

In Phase I Project, water supply supervisory system facilities will be
satisfactorily installed in 1995. However, if the newly established WSS5 with
installed facilities do not properly function as intended and designed, the
Phase II Project should be delayed.

Objective of Phase II Project is to manage the WSSS, mostly monitoring
system, which is realized in Phase I Project along with Immediate Projects.
Further, it aims to accumulate essential information of the water supply
system, with relevant analysis, to provide an effeclive operation and
management program of the water supply system in the future. As well as
upgrading the level of system operation monitoring in Phase II, a remote
operation for selected facilities of the system is exercised, succeeding to

the improvement of the level of whole system operation.

For this Phase, a total ten years period, which is divided into two stages
as illustrated in the figure, is considered appropriate. 1t is principally
based on a proposed sufficient time for system operation with training_and an
essential and actual data accumulation through the system operation. In
addition to the above, the time for the same procedure for project formation

and implementation made in Phase I 1s incorporated.
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Fig. TI-7.1

IMPLEMENTATION SCHEDULE

PROGRAN

PHASE | / EMMEDIATE PROJECT

STAGE

PHASE 1l
| STAGE 2

DESCRIPTICN

1. Master Plan and Feasibility Study

1930 :1991 1992 1993 1854 51995

19596 1957 11998 1999 2000

PO0L 2002 2003 7004 2005

2. Loan Negotiation/¥inancing for
Immediate and Phase |

3. IMMEDIATE PROJECT

3.1 Select and Award Engineering Service

3.2 Engineering Service

3.3 Tendering and Award of Contract

3.4 Construction/Installation

3.5 Place Facilities in Operation

4. PHASE I PROJECT

4.1 Select and Award Engineering Service

4,2 Engineering Service

4.3 Tendering and Award of Contract

4.4 Construction/Installation

4.5 Place Facilities in Operation

4.6 Gommissioning

5. Negotiate Loan/Finance for Phase Il

B. Operation, Data Collection/Analysis

1. PHASE JT PROJECT

7.1 Select and Award Engineering Service

7.2 Engineering Service

7.3 Tendering and Avard of Contract

7. & Construction/Installation

7.9 Place Facilities in Operation

1.6 Commissioning

NOTE: DD - Detailed Design
TE - Tender Evaluation

(S - Construction Su.pervi.sicn
TR - Test Hun
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8. BENEFITS ACCRUED IFROM THE PROJECT

The benefits acerued from the Project can be broadly categorized into
three aspects: 1) improvement of services to customers, 2) reduction of
operational costs while maintaining the services to customers and 3)
contribution to planning of water supply systems. It should be noted that
most of the benefits will be accrued only when the data and information
collected is utilized appropriately and is made available whenever it is

needed, as well as that such prerequisites as mentioned before are met.
1} Improvement of Services to Customers

Improvement of services to customers comprises stabie-water supply to
customers, foresight of or prompt reaction to abnormal occurrences, and the

monitoring and detection of watér'leakage.

Stable water supply to customers

With the level of water leakage reduced enough to meet the demand of
water, the water supply supervisory system {WSSS) will enable WASA to provide
customers with more water in a good pressure and to decrease the areas subject

to rationing of wafer.

In addition, chances could be provided to effectively utilize produced

water during dry perlod.

Foresight of or prompt reaction to abnormal occurrences

When take place disasters, stoppage of electricity, accidents in
facilities or others which suspend water supply, prompt reaction and
appropriate treatment made possible with the WSSS will contribute to
minimizing the: areas suffering from the cut-off of water supply. It may be
possible to change the courses of water flow and to flexibly utilize treated
water among the treatment plants, so that the affected people can secure the

"life~1ine" of water,.
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- Moreover, contihuing monitoring of water systems could enable WASA to find
signs which indicate occurrences of accidents, and then prevent them.

Monitoring and detection of water leakage

Monitoring of the water system and detectlon of water leakage will
contribute to reducing the leakage. Using the WSSS, the leakage will be
detected ih a shorter period. In addition, the opportunity could be provided
to formulate the most cost effective method for the detection.

Also, the WSSS will get the saved water more effectively distributed to
~customers. The benefits could not be fully realized if some water is wasted

at the level of comnsumer due to inappropriate distribution.

2) Reduction of Operatichal Costs

Operational costs include energy, chemicals and personnel costs.
Reduction of operational costs with the WSSS can be achieved in three ways: 1)
reduction of personnel costs involved with the installation of €SS, 2)
production and supply of water which corresponds to the demand and 3)
establishment of the minimum cost operating strategy of a given multiple
sources through distribution.

With the installation of €SS, manual works will be replaced by its
functions: some booster pump operators in Phase II, so that the operation of

water supply will be optimized while meeting increased demand.

As a result, the resources required for the production and supply of
water, including water, will be reduced for a given level of supply.

The minimum cost Operating method cbuld he figured out, probably focusing
on pump scheduling and source optimization. For example, costs of treating'
water could be reduced when precedence is given to higher'quality of water in
use. '
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3} Contribution to Planning of Water Supply Systens

In addition to the benefits of ordinary operations, the WSSS will
contribute to the planning. in future. The storage of data collected with the
WSSS will be the base on which the plans of water supply systems such as the
expansion and improvement of the systems will be formulated.

This is important since unavailability and/or inaccuracy of data will be

negatively affect the validity of the plans.
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PART THREE: FEASIBILITY STUDY









i. PROJECT IDENTIFIED IN MASTER PLAN

The Scope of Work agreed between JICA and the Government of Trinidad and
Tobago in May, 1989 defines the scope of feasibility study. Basic requirement
of the Study is an improvement and expansion of the existing CSS. The Master
Plan identifies the most appropriate project area, target year, population,
water balance as well as major scope and work of the Phase I Project.
Followings are brief summary of Master Plan related to Phase I Project.

Project Area

The area supplied with piped water principally from the four major
waterworks (Caroni, North Oropouche, Hollis and Navet) including 16 raw water

sources as shown on Fig. III-1.1.

Targel Year

The end of 1995, 4 years after the initiation of the project
implementation in mid 1992.

Population

Future population is forecast with the net growth rate of 1.8% during
Phase I period. Population served in WASA water system will increcase from
1,192,000 in 1990 to 1,299,000 in 1995. Pepulation served within the project
area will also show an rapid growth in the said period, i.c., from 825,000 in
1990 to 896,000 in 1995.

Water Demand

On . assumption that unaccounted-for water ratio would be substantially
improved from the present 50% to a rather optimistic ratio of 40% in the
target year {1995} by conducting intensive wastage control ac¢tivities, future
net water demand including UFW in the project area will be forecast almost
constant with a slight drop from 531,000 n®/d in 1990 to 513,000 m3/d in 1995.
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Water Balance

Dependable yields of the said 16 water sources and of the existing
production facilities in the project area are most critical_in'dry'seasons
when the runoff of the rain water is minimum. Estimates from the historical
data and information suggest a 10% decrease of the depéndable vields from
802,000 w3/d in rainy seasoms to 546,000 m°/d in dry seasons. This implies a
total of dependable yields wili suffice well for the water requirement in 1995
{513,000 m3/d) even in dry seasons.

As discussed in Section 6, Part I, however, urgent implementation of the
leakage reddction program to supply treated water effectively is definitely
required for the water balancing. Otherwise, the water demand willlexceed the
dependable yields in the coming several years.

Qutline of Phase I Project

Improvement and expansion of the C8S facilities are major scope proposed
for the Phase T Project. This mainly aims strengthening to establish on-line

monitoring and control system in the project area.

Therefore, this phase ineludes works to formulate the metering_and'valving
'system on the transmission/distribution mains, which aim at ndt=only the
indispensable information collection of the main pipelines in the distribution
system, but also the basic information collection to effectively mobilize the
new CSS, with actual data of operation status from the initial step of its

system operation.

Such infbrmation enables the CSS to work properly as expected for
strategic control of the transmissioh/distribution system. It 15 especially
noted that acquisition and analysis of such data are quite time consunring.
Moreover, such data collection can only be possible with the installation and

operation of sensing equipment.
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Major facilities and instruments contained in the Project will have

following functions:

1) The €SS building will be a center for monitoring and control, equipped
with master terminal unit, central processing unit, input/output
interface, graphic panel, uninterruptible power supply, remote control

panel, ete.

2) The repeater station will perform repeater function of signal and data,
which will be equipped with a repeater system and uninterruptible power

supply.

3) RTU stations to be newly constructed on site will encase remote terminal
units, an instrument panel and uninterruptible power supply to receive and

transfer electrical and mechanical signals to the CSS5 building.

4) Monitoring and control equipment to be installed at the waterworks;
pumping stations, service storage reservoirs and water mains are flow

meters, pressure gauges, level sensing meters and flow rate controllers.

In the meantime, an early implementation of the Immediate Pfojects is a
prerequisite condition fbf developing the C8S facilities as described in Parts
1 and IT. 'Studies on leakage reduction, WASA institution, mapping system,
universal metering systeis and tariff structhre are just at initial stage with

assistance of several international funding agencies.

This report does not aim td picture such planning'of the Immediate
Projects. Any data or Information on the Immediate Projects, if found in this
Report, are tentative estimates or assumption inevitably made for the present
study, which shall be reviewed in the future studies and analyses.

On the cher'hand, replacement/installation of control valves, flow meters
level meters and pressure gauges for CS8 operation, which constitute an
integral'part of the CSS, are considered as the work of the Phase 1 Project.
Preliminary désign and cost estimates of such work also carried out in the

present study are incorporated in the Part III.
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This Part IIT consists of six sections. Section 2 deals with design
concept and criteria for establishing the central supervisory system. - In the
Sections 3 and 4, preliminary design and cost estimate of the €SS related
facilities and equipment Will be made reflecting results of review of the
exlsting €SS. Section 5 works out construction and implementatibn schedule of
the Project. Special stresses will be laid on financial and economic

evaluation of the proposed Phase I project in Section 6.

The Part III thus compiled is simply materials for future appralsal by
international funding agencies whether the project is feasible or not.
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2. DESIGN CONCEPT AND.CRITERIA

To determine tjpe and function of the €SS instruments in the succeeding
sections, design concept and criteria will further be developed hereunder. As
for basic scope and strategles of the Phase 1 Project, 1t is recommended to
refer to Part II Master Plan of this report. Some of the basic strategies are
inevitably reproduced hereunder merely for reference, although redundant and
duplicate descriptions are kept minimum. Emphasis is laid on such poeint that
Vthe design criteria may not contradict the aforementioned basic strategies.
Fig. I1I-2.1 illustrates overall concept of the €8S, laying stress on CSS
control area of the water supply facilities and relation with the LSS.

2.1 C85 SOFTWARE

€85 to be established is to.monitor Tlow rate, water level and water
pressure at the several designated points of water mains, resefvoirs,
waterworks and pumping. stations and to.aperaté/control water production,
transmission and distribution from the four major waterworks to achieve the
predetermined targets. To this end, CSS hardware énd'software will be
furnished mainly in the CSS building, RTU stations and_monitoring/control
points. Followings are criteria developed specifically for designing the CSS

software.

1) The on-line real time data acquisition system (five-minute interval) as
has adopted in the existing €SS is the minimum requirement for effective

-gperation and management.

Recommended data processing is on hourly and daily bases at least,.

Acquired data may be an input to pipe network analyses as hourly and daily
fluctuation of water demand, pressure and flow rate. Monthly and annual
data will be utilized mainly for future planning of water supply system
and water source developnmnent. Five-minute data, in addition to the
processed, are also stored as primary data.

2) Software of the €SS will be composed df-system software and application
software. The system software is to run the CSS by receiving, processing,
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3)

storing and displaying data, and the application software to utilize the
C8S for specific purpose of computation and analyses. The Tormer will be
easlly expanded and open-ended one for easy renewal and replacement. The
latter will be effective in conducting pipe network analyses, water hammer
analyses, and simulating reservoir operation, pump operation, etc. for the

simultaneous use at the €8S building.

It is monthly operation reports prepared by district offices that provide
the various data on the waterworks and pumping stations which will be
monitored under LS8S. They may be data on water production, chemical
storage'and usage, raw water characteristics, etc. Such off-1ine data
regarding LSS will be stored together in the expanded memory to conduct
comprehensive analyses on water supply conditions of the whole service
area and on inventory management. The €SS will accommodate such data as
well,

2.2 CSS HARDWARE

The CSS hardware will consist of at least Central Data Processing Systen

ACDPS), Remote Terminal Unift (RTU), Data Radio System, Field Instruments, and

Remote Control Equipment. In designing type and function of the CS8S hardware,

followings are considered as design criteria.

1)

2)

3)

Central data processihg gsystem to be furnished for data cellection, alarm
warning, data processing and data display will have a function similar to

or more than that of the latest mini-computer.

Remote terminal units to transfer data signal between the CDPS of the CSS
building and field instruments will be encased in chambers to be
constructed-near monitoring points. Rooms that encase RTU Instruments
will be ventilation free from damped air and high temperature.

As like the existing CSS, communication between the CDPS and RTUs will be
carried out through the existing Repeater Station at Pepper Hill. For
this purpose, all RTUs and CSS‘bhilding will be provided by radio

transceivers.
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4} Field instruments will be transducers of flow rate, pressure and water

5)

level. Analog signal from primary measuring device ({sensor) will be
output to the panels equipped in local control panel stands and in RTU
stations after conversion into electric signal.

The Neorth and South regional offices will be Turnished the work station
consisting of a computer system with iﬁdividual computer/CRT display to
overview the water supply conditions in the project area. The work
station with a function of computer will have beneficial effects on free
access to the CS5 acquired data and their utilization for analytical

purpose.

2.3 C55 BUILDING AND RTU STATIONS

Design criteria for the CSS building and RTU statioms in which the (S8

hardware will be furnished are worked out as follows:

1)

2

3)

The existing CSS building elaborates dual floor structure to encase cables
and lines between the floors. To achieve maximum utilization of the
existing, the major CSS equipment and instruments will be installed in the
existing building that will play an important role aé operation and
control center., To accommodate most engineers and staff assigned for CSS,
new C58 building will be expanded occupying the WASA's parking lot located
in front of the existing building. New building will have similar span

and size as the existing one,

Minor modification and rearrangement of the existing €SS building will be

required to accommodate the proposed €SS instruments.

New RTU stations will be a concrete structure. These stations will be
located on WASA's premises or government's area as far as possible %o
avoid time consuming land acquisition. In locating RTU stations, the

existing facilities will be utilized to the maximum extent.
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2.4 MONITORING AND CONTROL UNITS
2.4.1 Pressure Gauges, Flow Meters and Level Meters

To monitor flow conditions of the water supply system, primary sensors
such as pressure gauges, flow meters and level meters for the proposed CSS
will be installed at several designated points. Major monitoring items are
fiow rate and water pressure on water mains, intake and distribution flow
rates and pressures at waterworks and water level in impounding, clear water
and serviée storage reservoirs. Followihgs are design criteria developed for

these prinary sensors.

Waterworks and Pumping Stations

1) As discussed in Supporting Report L "Comparative Studies”, major existing
7 pumping stations (six booster and one storage 1ift pumping stations:
Tunapuna, Valsayn, E1 Socorro, San Fernando, Malgretoute, TCO and Tuﬁpuna)
located wifhin the project area will be monitored for the purpose of -
remote operation and control from the CSS building.

On the other hand, operation and control of all waterworks and other minor
booster pumping stations within the area will be made locally on the basis
of the acquired data. Instruction or directions from the CSS to such
waterworks and/or booster pumping stafions for routine operation will be

generally through voice radio communication system.

2) Monitoring items will cover intake réte. water production at waterworks
and water level in impounding and clear water reservoirs and river. In
case waterworks treats groundwater, water production rather than intake
rate will be simply measured. Another essential factor at waterworks is a
distribution pressure. Pressure gauges will be equipped on the pipes
wherever distribution pumps are Installed.

3) As to'the six booster pumping stations in TCO, Malgretoute, San Fernando,

EIISocorro, Valsayn and Tunapuna, flow rate of either pump discharge or
suction will be measured, as water losses in the pumpling statlons are
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4)

5)

considered negligible. Water pressure will be measured at both lines of

discharge and sﬂction.

Recommended flow meter type is "annubar"™ in consideration of the cost,
head loss, easy installation, simplicity, accuracy and life span. The
exlsting flow meters which are functioning or even malfunctioning because
of damaged peripherals, although most of them seemingly required
calibration, will be utilized as long as possible. The life of meters can
be lengthened by appropriate repair and replacement of the damaged

peripherals.

The existing level-sensing meters and pressure gauges, although most of
them seemingly require calibration, overhaul or repair, will also be

utilized as far as they . can be assumed to function normally.

Service Storage Reservoirs

1)

2)

3)

For effective operation and control of the distribution system, it is
desirable to monitor fluctuation of flow and water level in the
reservoirs. Hence major sefvice.storage and clear water reservoirs that
lie within the project area will be equipped_with flow and'level meters.
As for flow rate, it is recommended to measure outflow from the reservoirs

rather than inflow.

Type of level meters to be newly installed depends on structure of the
reservoirs, namely, a float type is for underground structure and a

pressure differential type for others.

As to flow meters, annubar ftype is considered most economical and
effective with the least head loss. [Further, this type has an advantage
of monitoring that ensures both inflow and outflow measurement regardless

of flow direction.

Off-Takes

1)

Off-takes of the transmission/distribution mains from the four major
waterworks, i.e., Caroni, North Oropouche, Hollis and Navet waterworks are
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proposed monitoring points for flow control. HMonitoring ltems are

pressure and flow rate.

2) Recommended flow meters and pressure gauges are annubar type and Bourdon-
tube type respectively for ease of installation and cost effectiveness.

3) Proposed site for installing such flow meters and pressure gauges is on
the off-takes betﬁeen_the existing gate valves and new flow control
valves. Consideration should be given to the need for straight lengths of
pipe preceding the meters {(minimum allowable lengths: upward eight times
of pipe diameter and downward four times}.

2.4.2 Control Units

The €8S is to mbnitor/control effectively water supply systems from the
CSS building or by giving directions to each district office or waterworks
through voice radio communication system. Flow control aims at supplying
sufficient and potable water to all consumers in the service area. To this
end, flow conirol instruments will be equipped at major booster pumping
stations and off-takes from the water mains. These instruments will function
effectively together with the monitoring devices. 'Major pumping stations will
be controlled from the CSS building, while all off-takes are operated by site

operators.
As regards service storage reservoirs, altitude valves are reconmended as
flow control equipment as currently précticed in WASA. These are effective

for maintaining water level within an allowable limit of high water.

¥aterworks and Booster Pumping Stations

1) Flow control valves'equipped'with electric motor drives will be installéd
on all header mains from waterworks and booster pumping stations that lie
within the project area. However, all of them except the seven major
pumping stations will be locally controlled. Operators under direction of
the waterworks engineers will operate the system by controlling the flow

rate and pressure.
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2}

The said six major pumping stations will be controlled directly from the
€S8 building and also the existing Tumpuna Storage Lift Pumping Station
will be controlled by the existing control panel installed at Caroni Water
Treatment Plant through direction from the CSS building.

Since many variations of flow rate controllers are available, selections
of the most suitable type shall be based on the flow conditions, pipe
characteristics, planned water pressure and water demand. As the reliable
data are currently not available, it is tentatively assumed to install

butterfly valves as flow controller.

Service Storage Reservoirs

1)

2)

An altitude valve is a typical type installed for flow control of the
existing service storage reservoirs in the country. This valve functions
when the water level exceeds the predetermined maximum in storage
reservoirs. For ease of maintenance and operation, same type of altitude
valves will be instalied at all‘storage reservoirs where combined

inlet/outlet mains (single inlet-outlet piping system) is applied.

Other service storage reservoirs that apply separate inlet-outlet piping
system will be controlled locally by the site staff. As far as discharges
from off-takes to the reservoirs are properly controlled, it will be rare

case for them to be involved frequently in manual-flow control at site.

Qff-Takes

1) A flow control valve will be installed on selected off-takes of the

2)

transmission and distribution mains in the project area where flow meters
and pressure gauges are laid. Consideration shall be given to the

straight pipe length where flow meters are installed.

It is tentatively assumed that a motor—driven'butterfly valve is a
proposed type for flow control. '

Direction from the €SS building will be delivered through'district offices
to the site operators assigned for valve control. . '
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4) The valve equipped with an electric driven motor will be controlled on

site without a direct access to the valve. The operator will set flow
rates on the valve control panel stand. The valve control will be made,
principally according to the direction from the €SS, to meet water demand

in the service area.

2.4.3 Valve Chambers, Meter Boxes, etc.

A1l meters, valves and gauges except level meters are encased in chambers

and boxes to protect the equipment from sunshine, humidity, precipitation and

any other undesirable conditions. Followings are proposed design criteria for

preliminary design of the above facilities:

1)

2)

3)

4)

In general, a meter and a valve are separately encased in underground
chambers made of concrete. Pressure gauges are installed on the pipeline

in the valve chambers.

A control panel consists of a controller for valve control, signal
indicators and transmitters. The panel shall be encased in a Steelelate
stand for easy access. The steel plate shall be coated with proper

protection.

As previously mentioned, 1ocation of flow meters are carefully determined

to assure uniform flow through the meters. It is recommended that the

meter shall precede the flow control valve.

The valve control panel stand is encircled with fencing to avoid human

access from disturbance.
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3. PRELIMINARY DESIGN AND SPECTIFICATIONS
3.1 PRELIMINARY DESIGH

Major facilities to be constructed in Phase T Project are the CS5
building, RTU stations, valve control panel stands, valve and meter chambers
where monitoring and control equipment is installed. The new CSS building and
the existing CSS building accommodate most engineers/staff and various
instruments for the C8S respectively. In each RTU station, microprocessor
controller with input/output interface will be installed to transfer
information from valve control panel stands to the CSS via the repeater
station_ih Pepper Hill. Valve control panel stands that encase signal
indicators, transmitters, controller and panels will be constructed at the
most appropriate place near off-takes of the water mains. Preliminary design
of the CSS related facilities and monitoring and control units are prepared in

consideration of the following:

1} Objectives of the project, basic concept and design criteria developed,

which are described in the previous sections;

2) Project area, the existing pipe alignment and reservoirs, the existing CSS

facilities, system operation and maintenance practiced by WASA;
3) Maximum utilizationm of indigenous materials and work forces;

4) Operational and institutional aspects of WASA who intends to push urgent

implementation of the CSS.

In the succeeding paragraphs, main contexts of the preliminary design are

explained further.

€SS Facilities

Fig. 111-3.1 illustrates the arrangement of the CS8S related facilities and
data communication system while Fig. 1I-4.2 already shown in Part II also

illustrates that of Phase II. Major differences of these figures are absence
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of the valve control panel with mini-graphic display in the CSS building and
work station with CRT display at Tobago regional office. '

Continuous variables (flow rate, pressure, water level) and discrete
states (on/off, open/close) sensed at off-takes, waterworks, pumping stations
and reservoirs are transmitted to the RTU stations in the form of electrical
signal. After modulation at the RTU statioms, radio transceivers emit signal
to the repeater station at Pepper Hill where signals are rélayed to the €S8
building after conversion into the ultra high frequency (UHF). This process
takes place according to the request from the CSS building. The water supply
conditions thus sensed and transmitted will be dispiayed on the CRT display

and the graphic panel after necessary data processing by central computer,

On the other hand, the direction from the €SS to operate the remote
control pumping stations is transferred to the repeater station'in the form of
electrical signal. The repeater station converts signal into that of very
high frequency (VHF). It is the RTU station that transfers signal to an
actuator of the contrdlled equipment which physically moves the valves and
pumps. Off-take valves are controlled on site by operators. Feedback control

sequence designed for this purpose controls the flow rate in the pipeline.

Table I1T-3.1 lists the number and type of data monitored, monitoring and
control equipment to be installed, while Figs. III-3.2 and III-3.3 show the
proposed location of the monitoring and control equipment and RTU stations

respectively.

Fig. III-3.4 shows proposed layout of CSS5 instruments in the €SS
buildings. Major stresses are placed on the following three: 1) graphic panel
and remote control panel for booster pumping stations are positioned in one
room because of their close relation, 2} printers that may be a source of
noise is isolated in the nearby repair room, and 3) roows required for
stationing planning and maintenance staff and officials are planned in the new
CSS building to be constructed in the existing WASA's parking lot.

Fig. III-3.5(1) shows a process instrument diagram for contfol valves to

be installed on the off-take from water mains. FIC examines the actual flow

rate monitored at FI in comparison with the flow rate inputs giVen beforehand.

111-3-2



After comparison with these figures, FIC will close or open the valve to
control flow rate emitting signal to the actuator. This is done repeatedly

until the deviation becomes zero.

Fig. III~3{5(2) is also a process instrument.diagram for operating booster
pumping station from the CSS building. The data signals monitored at suction
and digcharge of the booster pumps are transferred to the CSS. The pumps and
valves are usually operated from the control panel of the CSS building. In
emergency case, they are operable on site using control switches mounted

locally.

Fig. T1I-3.5{3) outlines the control circuit diagram for Tumpuna storage
1ift pumping station. Signals Such.as water levels in the Arena impounding
reservoir and Tumpuna weir, inflow and outflow from the reservoirs are
delivered .to the CSS and displayed as LI and FI. Based on direction from the
CSS, operating staff stationed in the Caroni Water Treatment Plant operates

the valves and pumps.

Monitoring and Control Unit

Monitoring points as shown on Fig. 111-3.2 are carefully selected through
several times of field reconnaissance and interviews with the WASA
counterparts and personnels., Off-takes from the major water mains from the
four waterworks and the six major booster pumping stations are all considered
as monitoring points. The equipment to be installed at the designated points
for the CSS operation are summarized in Table IIIPS.l which specifies also the

number of the monitoring data and control methods and places.

As listed in the Table 171-3.1, newly installed equipment are 11
differential type 1evé1 meters, 10 float type level meters, 111 bourdon-tube
‘type pressure gauges, 139 sets of annubar flow meters, 9 altitude valves, and
106 flow control butterfly valves. ©Others are the existing equipment to be
utilized further after repair or replacement of the damaged peripherals.

11I-3-3



3.2 AVAILABILITY OF EQUIPMENT, MATERIALS, ETC.

For pfeparing a preliminary design of #%the pfoposed systen, the
avallability of materials and equipment in Trinidad and Tebago is one of the
key factors to be considered., It seems most appropriate to follow the WASA's
establishéd practices for procurement in order to minimize time losses

anticipated during project implementation.

There are many manufacturers intensively engaged in producing construction
materials in Trinidad and Tobago. Construction materials required for
constructing the new CSS building, RTU stations and valve chambers are easily
procured in the country. Materi&ls and equipment not locally manufactured are
mainly the CSS hardware and most of piping materials and fittings. They are
usually imported from overseas as have been'experienced'by'WASA through the
previous similar projects. Sohrces of supply and work ére presented in the
table which follows: ' 7

MATERIALS & EQUIPMERT IMPORTED OR PROCURED LOCALLY

1) Beilding materials _ -
-Cement, sand, cobbles and gravel Procured locally
-Steel bar, roofing materials : Procured locally

"-8late, sash, glass, ete. Procured locally

2} Vaives, meters and gauges : _
-PVC & Steel pipes and fitfings Procured locally

-Piping materials (DCIP) Imported
~-Pumps and valves Imported
-Level and flow meters _ Imported
-Pressure gauges : Imported
-Piping equipment and tools Imported

3) Chambers, boxes and local valve control panel stands

-Valve chambers Constructed at site
~Meter chambers o Constructed at site
-Valve control panel stand Imported
-RTU station _ Constructed at site
-CSS building Constructed at site
4} CSS hardware : ‘
-CSS instruments Twmported
-Graphic panel Imported
-CRT Imported
-RTU Imported
-Uninterruptible power supply Imported
-Contrel panel ' Imported
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The Phase I Project focussed on in this Part III contains following major

civil works:

1) Earth Work'including excavation, backfilling, sheet piling and pavement
for building RTU station, valve chambers, etc.,

2) Conecrete work for constructing the new CSS building, RTU stations, valve

and flow meter chambers,

3) Piping work including cutting, welding, jointing, meter/valve installation

on the existing water mains and off-takes,

4} Installation of valve control panel stands to encase electrical
instruments including construction of the foundation, landscaping,

‘fencing, etc., and

5) Installation of CSS instruments in the existing CSS center building and
RTU stations.

There are many local contractors officially registered, who are
intensively involving in various public works, constructing many modern
buildings, roads and bridges in the country. They have experienced
construction of waterworks facilities and pipe laying works in the past

similar water supply projects.

. In conslderatlon of the nature of the civil works contained In the present
Project, ahy special skills and expertise are not required for the
construction and installation, except the work item 5} above. [Most of civii
contractors in ‘the country have sufficient capacity and experiences in such
field of the civil work. As for the item 5), manufacturérs ipvolvement in the
work may be indispensable because of their proprietary nature. It 1is
desirable that local contractors install the CSS instruments under technical

guidance and directions by manufacturers.
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