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EXECUTIVE SUMVIAIRY

1. TINTRODUCTION

The Scope of Work for "The Study on the Improvement of Water Supply
Supervisory System In Trinidad and Tobago” (the Study), reached in May 1989
between the Government of the Republic of Trinidad and Tobago (CRTT) and the
Japan International Cooperation Agency (JICA), the Government- of Japan,
stipulates the Study to be carried out by the JICA study team (the Study Team)
in two major fields of work, i.e. (1) formulation of a master plan {(thc Master
Plan) for a comprehensive Water.Supply Supervisory System (WSSS) in Trinidad
and Tobago and {2) preparation of a feasibility study (the Feasibility Study)
on the improvement and expansion of the existing Central Supervisory System
(CSS}).

1.1 REPORT SCOPE AND FORMAT

In compliance with the above scope of work for the present Study, the

scope and format of the Main Report are composed as outlined below.

PART ONE covers the background of the Study, objectives and scope; the
present conditions of study area; the existing water supply
aspects of water sources, facilities, operation and maintenance,

and institution and management: and prereguisites for CSS.

PART THO covers the Master Plan including target year and study area;
projection of population and water demand with water balance
against existing water sources; baslc concept for developing
WSSS; proposed WSSS; WSSS operation and management; cost
estimatés; implementation schedule; and economic project

evaluation.



PART THREE covers the Feasibility Study on the identified Phase I Project
for initial stage development of the Master Plan improvement
program, including deSign concepts and criteria; preliminary
design and propoéed specifications; cost estimates and
disbursement schedule; implementation schedules; and financial

analysis and economic evaluation.

PART FOUR deals with comparative study on Phase I Project implementation
based on the results of the feasibility study conducted in Part
I1I. Scope and concept of the recommended option will be
briefed for reference.

PART FFIVE is a conclusion and recommendation of the present study.

1.2 NATURAL AND SOCIO-ECONOMIC CONDITIONS OF THE STUDY AREA

The study area covers the entire water supply area of Trinidad and Tobago
(total 5,128 km?), which consists of a total of 34 water areas/sub-areas of
the Water and Sewerage Ahthority {WASA) .

The two islands of Trinidad (4,827 kmz) and Tobago (301 kmz) are located
in the southernmost of the Caribbean Sea and share a similar physical

characteristics of topography, vegetation and climate.

For details, refer to Fig. 1 General Location Map of Study Area and Fig.
2 Map Showing WASA Water Ares.

~Port of Spain is the capital city of the country which has population of
45,000 in 1989. The city is located on the north west of Trinidad, and is the
center of administrative and commercial activities in the country.

Main features of the study area are as follows:

1) Location: Most southerly of Lesser Antilles in'the Caribbean Sea.

2} Topography: Trinidad is mostly similar to the topography of eastern part



3)

4)

5)

of Venezuela, consisting predominantly a low 1and with northern hilly
ranges of about 900 m above sea level; Tobagq is a volecanle origin hilly
land with the highest mountain ridge of about 580 m above sea level.

. Climate: Two islands are influenced by the tropical trade wind climate

which has a dry season from January through HMay and a wet season from Junc
through December. The average temperature is around 26°C and the annual
rainfall is about 2,000 mm.

Populétion: 1,228,800, of which 1,172,600 in Trinidad and 56,200 in Tobago
(estimated mid 1990). '

Socio-economic Conditions: General economic characteristics are identified
as an agricultural industry based economy before the o0il industry was
significantly developed and expanded in the 1970'5. Gross Domestic
Product (GDP) has been mostly dominated'by the'petroleum industry since
1970, but along with worldwide depression of petroleum market, GDP
gradually decreased from TT$ 20,000 million in 1982 to TT$ 16,000 in 1988.

The present conditions of physical-infrastructure are:

Road condition - Ample in length and width with 90% paved satisfactorily

covering all over the country.

Public water supply - 95% of population served {(92% of total population)
in its service area of WASA water. system, adequate in its quality, though

not Satisfactory in supply quantity all over the country.

Sewerage system - Public sewerage system serves at present for limited
part of urbanized areas that has about 30% of the totfal population of the
country. HMost of the rest depends upon pit latrines and sork-aways.

Electricity - Widely availlable throughout the country. Generally the
capacity is adequate to meet the requirement.

Transportation - Accessible to various locations in two islands by

roads, water and air.



The socio-economic outlook is hopeful for growth and developuent.
However, public 1nfrastructure problems as well as environmental problems
in the rural areas, even urbanized ones, exist on varilous aspects, such as
continuous water supply, waste disposal and drainage, which need immediate
attention to cope with local domestic water shortage, and to avoid an
accidental health situation in all over the country.



2. EXISTIRG WATER SUPPLY
2.1 EXISTING WATER SUPPLY SYSTEM

The existing water supply gystem 1s operated and managed by WASA, which
‘was established in 1965 as the sole agency responsible for the development and

control of the water and wastewater systems in the country.

In 1990, WASA supplied water to about 1,133,000 of the pbpulatibn in the
34 water areas/sub-arcas or water service areas Iin the country, with an
average production amount of about 668,600 m3/day. See Table 1 Present Water

Use by Water Area.

The modern water sﬂpply-system in Trinidad and Tobago started in the
1850's at the Maraval Waterworks with an approximate water production of 4,500
m3/day. ‘In 1902, the River Estate Waterworks was develcped to providé water

to western part of Port of Spain'Area.

Thercafter, development and expansions of the water supply were
continuously made from the 1920's to 1970's in order to improve the supply in
the urban centers namely: Port of Spain, San Fernando, Arima in Trinidad and

Scarborough in Tobago.

After the 19707z, WASA and the Ministry of Finance émbarked several water
supply development projects to meet the increasing water demand of the
country. They are construction of Navet Waterworks with a production 77,280
m3/day cdmpleted in 1976, North Oropouche Waterworks with a production 90,920
'ﬁg/day in 1979, package of treatment plants in Northern Rangé Valley in 1980
and large scale Caroni/Arena with a production 272,760 ms/day in 1983. '

Newly increased water productlon during this period reached to about 60%
to the total. The area covered by these waterworks are iliustrated in Fig. 3

Cbmprehensive Map of Existing Water Supply System.



Major features of the existing water supply are summed up in the

{followings.

1)

' 2)

3)

4)

Fater Source: WASA has presently 92 water sources which include impounding
reservoirs, river waters, groundwater and springs. Out of these, 79
sources are located in Trinidad and 13 in Tobago. The total average daily
prodguction amount from all sources in 1988 was estimated at 657,000 m3/day
{including purchased water), of which about 20;000 ma/day was produced in
Tobago. See Table 2 List of Existing Large and Medium Scale Production
Facilities (1) & (2} and Table 3 List of Existing Small Scale Production

Facilities.

Production Facilities: 92 separate water production facilities are
scattered in the country. Out of the total production in 1988, an average
466,000 mB/day (71%) is produced with raw water from impounding reservoirs
and river sources. And that from the grouﬁd water sources is 191,000
m3/day (29%). See above Table 2 and Table 3.

Transmission/Pistribution Facilities: Existing transmission/ distribution
system consists of six high 1ift pumping stations, 52 booster pumping
stations, transmission and distribution pipelines ranging 50 mm to 1,350

mm in diameter, aithough its total length is unknown.

In the service area, 76 service storage reserveirs, out of existing 99,

are in use with about 374,700 n® of total storage capacity.

The four major large-scale systems are waterworks at Caroni/Arena, North
Oropouche, Hollis, and Navet producing and supplying about 404,300 m3/day
{equivalent to 64% of the total supply amount in Trinidad) through
transmission and distribution mains varylng from 600 to 1,350 mm in

diameter with a total length of over 76 km. See above Fig. 3.

Present Water Use: In 1990, estimated total water demand which covers all
categories of water use with the unaccounted-for water {(UFW) including
system lealages, is approximately 668,600 m3/day for the served population
of 1,133,000. Refer to above Table 1, |



5).

Per capita consumption throughout the country 1s estimated at 590 liters
per capita per day (ipcd) on average, however, serious shortage supply can

be seen especially in southern part of Trinidad.

Based on the pilot leakage survey, leakage losses in a typical residential
area arc estimated in a range of 32% to 84% of the water supplied to this
area. See Table 4 Result of Pilot Leakage Survey.

Generally, the present total system leakage is estimated at 40% to 50% of
the total production and supplied amount of water.

Existing Central Supervisory System (CSS):

Background

The existing €SS was commissioned in November 1980, was developed as a
part of the Caroni/Arena Systen and a first step of the central

supervisory systenm throughout the country.

The objectives of the CSS was to effectively operate and control, under a
single operation and management system, the complicated WASA's water
supply system which has the above numerous water sources, production
facilities and sub-systems. Further, the newly developed CSS was proposed

‘with the necessity of detailed study of the distribution systems and

establishment of metering systems on all consumers as ecarly possible.

The area covered by CSS, therefore, was limited to the major waterworks,
booster pumping stations and service storage reservoirs located in
Caroni/Arena System as shown on Fig. 4 Water Supply System'under Existing
CSS.

Facilities

The existing CSS facilities includes the components of:

- two central computers installed at the existing CS3 building, in WASA
head office, '



- two data radio communication repeaters located at Pepper Hill,

- 12 remote terminal units (RTUs), each of which includes a data two-
way communication radio installed at local stations in Caroni/Arena

system, and
- field instruments and relay contacts for controlling.
‘The central computer system was equipped with the following software:

-~ input/output to RTU,

- alarm processing,

- process control, |

- historical data base, .

- supervisory on running conditions of the CPU (Central Processing
Unit), |

- message facility for data processing. and

- man/machine interface,.
Status

a) The system was merely effective in data acquisition and part of alarn
notification, during two years from its start in November 1980 to
November 1982. Originally planned remote control system did not
functidn well during the peried due to the delay of RTU equipment
installation works.

b} After expiration of the two-year maintenance contract in 1982,7WASA
had a very hard time in carrying out the CSS operation and
maintenance, since all spare parts initially supplied were used up in

a short period.
c¢) From 1983 to 1986 the CSS was not normally operated due mainly to
troubles on main computers and RTUs. The €SS operation was resumed

in 1987, with rémote control by repairing them and addition of RTUs.

However, the function of water supply supervisbry was not ‘effectively



6)

d)

e)

performed, because the number of RTU units were reduced due to

cannibalization of its spare parts.

Further, due to the frequent failure of main computers and RTUs with
the problems of spare parts supply, despite WASA's effort to fepair
the computer and restore the CSS function, data/information gathering
and recording automatically through the system could not be
performed.

As of November 1989, out of the existing 22 RTUs, 10 are in
operation, and out of 87 data items to be collected, only 35 are
actually counted for data acquisition and processing.

The existing CSS'was stopped 1n:operation after JYanuary 1990, mainly
due to the problems of devices and spare parts supply for the main
computer system. Continuous use of the existing CS5 equipment was
found almost impracticable because of difficulties for obtaining its

spare parts.

Monitoring, Operation/Conirol:

The present WASA's water supply supervisory_practice of WASA for the

operatibn status monitoring and control of systen, other than the above

CSs,

is described below:

Monitoring

The daily and hourly records obtained through the existing flow
meters, bpressure gauges and water level gauges are compiled and sent

as monthly operation reports to WASA head office.

Major items highlighted in the operation reports are water
production, water distribution, cost, staff performance, etc. all

related to water supply system operation and maintenance.

Data have not been accumulated/used effectively for the total system

operation.



7)

{Operation/Control

- The existing production facilities are generally practicing a

constant {low rate operation.

- The present water distribution is mainly controlled by manual
operation of the existing gate valves, installed at numerous number
of off-takes on the transmission and distribution mains in the

system. This system 1s so called as the turncock method.

- Each regional office has developed turncock schedules through long

term expericnces.

Water Rate: Except for the water use in churches, the water rate are

- ¢lassified for the unmetered use and metered use., September 1990 at

present, the almost all of the customers (about 99%) are unmetered. And
for the unmetered use, the annual taxable value {ATV). which is the wvalue
of a building assessed by the tax office is adopted as the base of billing

for a flat rate.

The average water rate in 1988-1989, including metered and unmetered
accounts, was estimated at TT$ 0.99 per cubic meter based on the records
of water sales under present water tariff. As for the average metered
account, the average per cubic meter of water sold is estimated at TT$
1.94 at market pricc in 1990, based on the adjusted average water for

metered account.
Water rate by categories are estimated as presented below:

(Unit: TT$/m°)
CUSTOMFR CATEGORIES WATER RATE CUSTOMER CATEGORTES WATER RATE

Domestic 1.08 Industriail 0.51
Stand Pipe 0.356 Agricultural 0.22
Yard Pipe . 0.66 Charitable/

Internally Served 1.51 Organization 1.02

Commercial 1.87

Average 0.99
(Note: 1 TT$ = ¥ 31.8, 1 US$ = TT$ 4.25)

- 10 -



8) Institution and Managemeht:'

The Water and Sewerage Authority (WASA) is established as a body corporate
and sole agency'of water supply, based on the Water and Sewerage Act in
1965, as described before.

WASA is responsible for maintaining and developing the waterworks and
sewerage system in Trinidad and Tobago. WASA is under control of the
Ministry of Settlements and Public Utilities, and managed by the nine

member of Board of Directors.

Financial operations of WASA has been improved recently as presented in
Table 5 TFinancial Operation of WASA (1985-1989).

Supporting Executive Direétqr for management, the Deputy Executive
Director is responsible directory for the daily operation and maintenance
through the five administering the technical and management divisions.
See, Fig. 5 Organization Structure of WASA, December 1990.

The four regional offices including the Korth, South, Cano and Tobago are

under the control of the Operation Manager.

WASA has a total staff of 4,963 (as of January 1991), of which some 2,800
are estimated to be monthly-paid workers and the rest to be dally-paid
workers. Out of the total staff, the 2,600 majorities are working for

operations and maintenance.

2.2 PROBLEMS OF THE EXISTING WATER SUPPLY

Problems found in the overall existing system, during the field survey

period of the current Study, are presented in the followings.
1) Regarding the condition of the existing water supply system, most

outstanding is aging of the existing facilities. There are systems in use

for more than 100 years.

- 11 -



2}

3)

4)

5)

6)

According to the pilot leakage survey conducted under the current study,
the physical leakage in the system is estimated in a range between 40% to
50% of the water supplied in the distribution system. Thus, the
unaccounted for water, including the leakage and wastage, could be
estimated at above 50% of the total water producéd and distributed.

Although some production facilities have been improved to strengthen the
supply capacity, the present supply conditions are not sufficient mainly

due to inadequate control and an aging inefficiency.

Many gate vaives were installed as flow control valves on the water mains
and branched pipelines. On the other hand, flow meters installed on the
pipelines and at waterworks are very few in numbers. This suggests that
the operator(s) of production and transmission/distribution facilities can
not monitor and identify actual system flow, water demands or even water

production amounts.

In the entire existing system, the number of water melers installed atf
production and transmission/distribution facilities, and service
connections are inadequate, and thus no adequate records of water

production and consumption are available.

Under the present circumstances; WASA is inevitably rationing water supply
by manual control of the gate valves on the transmission and distribution

mains.

Since its installation of the existing €SS facilities, the system could
not fulfill the function of the originally planned water supply
supervisory system operation, due mainly to the frequent shut-down of the
hardwares. Further, due'to_the short period when the CSS was continuously

opérated, a historical data accunulation was not made in a certain format.

Concurrently, the CSS stopped its operatibh from January 1990 due.to the

‘probiems of funding the maintenance -and improvement of the system. This

indicates that, the originally planned water supply supervisory system

operation, utilizing the actual operation status data/information through

- 12 -



8)

9)

10)

11)

automatic data collection and accumulation will not be executed

practically with the existing systenm.

The data collection through the existing CSS were not sufficient in
numbers and accuracy. Especially, the basic items of transmission/
distribution mains flow and pressure data/information, for its effective

use. of water distribution, were not monitored/collected nor accumulated,

except only one point monitoring.

Further, it is difficult to prepare an appropriate operation guideline of
WASA for the water supply supervisory system, since the existing systen
can not collect and accumulate the data/information in the systen

operation.

The €SS hardware and 1ts system software for operation were introduced,
however, the necessary application software of water supply system
simulation and analysis was not provide from the initial stage. -
Therefore, the original objeétives of the €SS could not be fulfilled.

Somewhat weak organizational structure for CSS resnlted in insufficient
back-up activities for developing the water supply management plan and

operation/maintenance equipment.
Further, because of financial constraint, it seems difficult to obtain
materials and spare parts necessary to the normal operation and

maintenance in waterworks and pumping stations.

The above problems could be well managed by the proper operation of the

water supply system, with an effective application of the CSS which is

adequately formulated for proficient supporting system of the sound water

supply operation and management for such complicated system of WASA.

_13...



‘3. MASTER PLAN

3.1 GENERAL

For master planning of the Water Supply Supervisory System (WSSS), a
period of 15-year from present (1990} up to 2005 is applied for the design
period, considering about the planned implementation schedule of the proposed
project and design life of the mechanical equipment and electronic instruments
installed for the major facilities of WSSS.

For the planning period of the master plan, a stepwise development in two
phases (Phase 1: 1991-1995 and Phase T1: 1996-2005) is recomsended considering
about the present situation of entire water supply system in Trinidad and
Tobago, and also the financial burden of the initial and succeeding
investments to the proposed projects in the master plan program. See Fig. 6

Implementation Schedule.

The study area for master plan of WSSS is identical to the entire WASA
water supply area, which covers almost all area of Trinidéd and Tobago and is
presently separated into 34 water areas/sub-areas. See aforementioned Fig. 2.

As for the water demands projection, the future water requirements were
estimated with the UFW, including leakage and wastage, which has a
prerequisite copditions to reduce its future rate by executing the leakage
reduction program. In this Study, the controlled UF¥ rates are proposed at
50% in 1990, 40% in 1995, 30% in 2000 and 20% in 2005 respectively.

Therefore, the total water demand including UFW or the required amounts of
supply for served population were projected thai in 1990; for the population
1,133,000 and the average daily water of 666,300 m3/day, and in the target
year 0f_2005, that of 1,463,000 and 639,500 m3/day. See Table 6 Population
and Water Demand Projection 1990-2005 {1) & (2).

- 14 -



The total debendable yields of the existing 96 waterworks (including
Hillsborough West in Tobago to be constructed) in the study area are estimated
at 771,300 m3/day at the rainy season and 711,100 ms/day at the dry season as
shown in Table 7 Estimatéd‘Dependable Yields (1) & (2), which meet the
projected water demands/reduirements in the design period of 1990 to 2005.

As for the future use of existing water sources and the new water sources
development, all existing water sources are adopted and incorporated, but the
future water sources development is not considered in the Master Plan. The
total available amount of water or depeﬁdable yields of existing sources could
meet the future demands provided that the recommended'ieakage reduction .

program is executed.

Major design figures and items of work are tabulated below.

1) Population of Service Area: _ 2) Served Population:
' Present 19%0: 1,192,000 Present 1990: 1,133,000
Projection 1995: 1,299,000 Projection  1995: 1,234,000
2000: 1,421,000 2000: 1,350,000
2005: 1,540,000 2005: 1,463,000

3) ¥Water Demand: _
'- Present 1990: 666,300 m3/d (UFW 50%)
Projection 1995: 641,900 m>/d (UFW 40%)
2000: 637,100 m3/d (UFW 30%)
2005: 639,500 mo/d (UFW 20%)

4) Water Sources: A tqtal of 96 sources, 82 sources are in Trinidad and the

rest 14 in Tobago including Hillsborough West.

5} Water balance:The estimated water requirements in the design periods
(1990e2005) could be satisfiéd by the water produced and supplied by
maximum using of the dependable yields of the existing sources.

Water balance in Trinidad and Tobago for the years 1990, 1995, 2000 and

2005 is summarized as follows:

s -



WATER BALANCE IB'TRINIDAD AND TOBAGO (DRY SEASON) Unit: ma/day

Year Demand Supply Balance
' Net UFY Total
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 + 68,900
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

3.2 PROPOSED ¥SSS IN 2005
'3.2.1 Target

~The proposed Water Supply Supervisory System (WSSS), consistent with the
existing €SS, is formulated based on the established target or objective of

the existing system, of which major items of targét are presented below:

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

2) Stabilization of the proper distribution pressure in order to achieve

equitable water supply to each consumer, off-take flows and pressures.
3) Contribution to the leakage control.

4} Establishment of information flow for quicker decision—making for the
water supply management.

To achieve the objectives and targets of the proposed WSSS, an appropriate
organization for the WSSS is formulated, which is to coordinate with the

present drganization of WASA, as presented in Fig. 7 Proposed Organization of
Water Supply Supervisory System. '
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3.2.2 €SS and LSS

In erder to operate and manage the future water supply system effectively,
the proposed WSSS consists of two sub-systems namely, 1) Central Supervisory
System (CSS) and 2) Local Supervisory System (LSS), which are currently
practiced by WASA. See Fig. 8 Concept of Water Supply Supervisory System

(Phase _11)-

The proposed €SS mainly covers the water supply area of four large scale
systems of Caroni/Arena, North Oropouche, Navet and Hellis, and its nearby
medium and small systems, which has majority of existing facilities with the
large amount of water supplied. The proposed LSS covers the other medium and
small scale syétems covering area, scattered in the piesent water supply area
of WASA, which alsc has numerous number of small sized facilities with smaller

amount of water supplied.

3.2.3 Hardwgre and Data Communication:

Utilizing the existing system with facilities at maximum level, the
proposed CSS and LSS are planned to achieve its design funetions as presented
below. See above Fig. 8 and Fig. 9 ¥SSS Hardware and Data Communicafion.

€88

Proposed CSS function is summarized as presented in the followings. See
Table 8 List of Monitoring and Control Equipment to be Installed for Central

Supervisory System {1) & (2).

1) The data signals of water levels, pressure, and flow amounts which are
measured at strategic monitoring points including impounding reservoirs,
waterworks and transmission/distribution facilities are transmitted'to
remote terminal unit (RTU) first, then to CSS building by the radio

communication system.

2) As for the proposed data communication system, the existing system of

radio communication is applied for the proposed data communication system,
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3)

4)

5)

6)

7)

8)

9)

taking into account the WASA's;sufficient experience of operaticon, and

reliability with economy.

Control valves installed at off-takes on the transmission and distribution
mains are operated by automatic remote controls, via controllér installed
at each site by operating valve control panel with mini-graphic display in
the €8S building.

Pumping units and control valves in booster pumping stations are operated

by remote control at the control panel in the CSS 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 under the

direction through the main computer in the CSS building.

Data signals received at the CSS building are compiled and processihg by
the main compﬁter system, as they are displayed on the graphic panel as
well. The display of collected information is planned for the combined
system of the fixed large graphic panel and cathode ray tube {CRT}
display. '

RTUs with uninterrupted power batfery units are installed -to receive and

transmit the data, measured at respective facilities in the system,

The computer system and radio communication unit in €8S buiiding and the
radio repeater unit are designed as dual-system units, and equipped with
uninterrupted power battery units for reliability and safety purposes.

The most of newly proposed facilities and equiﬁment are designed as new
products or materials, since the existing facilities/equipment are
considered aged and not to be 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.
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For the proposed:ﬂSS monitoring, flow meters with recorder at each outlet
pipe of the production facilities are installed. - Sce Table 9 List of

Mdhitoring Equipment and Data under Local Supervisory Systlem.

Installation of work stations at regional office of South, North and
Tobago is planned. Each of work stations consist of a computer system
equipped with the individual computer/CRT unit, optical character reader {OCR)
and the terminal unit of the main cdmputer in €SS building with normal

computer functions.
Each work station has'the following three functions:

1) Data electronically input by OCR, transmit data to the individual computer
on the weekly operation status of LSS under the respective Regional
Office. '

2) Wonitoring the water supply operation status of WASA's entire system,
communication to the main computer in CSS building, its system status is

monitored by the CRT unit installed at each Regional Offices.

3} Individual computer funciion; each work Station will be installed with the

individual computer unit for respective use purposes in Regional Offices.

3.2.4 Step-¥ise Development

As mentioned in the preceding sub-section, the master plan for WSSS is
formulated in two~phase developments (Phase T: 1992-1995 and Phase II: 1996-
2005), considering about the present conditions of the watér supply system in
Trinidad and Tobago, and the financial burden of the proposed projects in the
master plan. See aforementioned Fig. 6.

The proposed development plan is designed to be implemented in two phases.

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
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installation. Further, thls Phase includes the remete operation units for six
booster pumping'stations and the remote operation devices to control the
existing pumping and valving equipment at Tumpuna Storage Lift Pumping

Station.

Regarding the control valves for off-takes on the transmission and
distribution mains, in Phase I, the valves and its remote operation devices
will be installed in Phase I.

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 operation status data are collected and
analyzed, the operation target setting will be established to operate remotely
frbm the CS5 building in the second step of system operation.

In Phase II, some equipmeni and devices especially for CSS related
instrument and electronic appliances which- are installed in Phase I need'to_be
replaced, which have been in use for mdre 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 instalied. 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 initial stage of Master Plan improvement program {1992 to 1995}.

3.2.5 Major ¥acilities
Proposed major facilities to be constructed are as follows:
- €SS building, by expanding the existing €SS building

- Central equipment of CSS including main computer and graphic panel
- Repeater station

€
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- Work stations with CRTs at regional offices

- RTU stations

- Remote operation unit of booster pumping stations

- Remote control unit with mini-graphic of flow control valves

- Monitoring equipment {flow meters, level meters & pressure gauges)
and flow control valves at strategic polnts in waterworks and

transmission/distribution system.

For details, refer to aforementioned Figs. 8 & 9, and Tables 8 & 9, and
Table 10 List of WSSS Hardware.

3.2.6 Project Cost

Project costs are summarized below. For details, refer to Table 11

Summary of Cost Estimate for Water Supply Supervisory Systém.

{(Unit: in 1,000)

Cost Phase 1 Phase II Project
Component Project Project Cost Total
Foreign{US$) 35,278 30,317 65,595
Local - (TT%) 47,129 37,543 84,722
Total {(US$} 46,367 39,163 85,530

{Exchange Rates: 1 US$ = TT$ 4.25)
(Costs as of March 1991: not including price inflation)

The project evaluation is conducted through comparing the costs
‘integrating those of CSS, leakage prevention and universal meter installation
and the benefits integrating those corresponding to the above mentioned three

cost components,
3.2.7 Benefits Accrued from the Project

The benefits accrued from the Project can be broadly categorized into
three aspectis: 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 systenms.
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Regarding the improvement of services to the customers, monitoring of the
water system and detection of water leakage will contribute to reducing the
system léakage, which enable WASA to provide customers with more water in a

good pressure and to decrease the areas subject to rationing of water.

Using the WSSS, the leakage will be detected in a short period. 1In
addition, the opportunity could be provided to formulate the cost effective

method for the leakage control.

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 consumers due to inappropriate distribution.

In addition to the benefits of ordinafy operations, the WS35 will
contribute to the planning in future. The storage of data collected with the
WSSS will be the based on which the plans of water supply systems such as the
expansion and improvement of the system will be formulated.
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4. FEASIBILITY STUDY
4.1 GENERAL

~ The Feasibility Study was carried out for the Phase I Project, which aims
at improvement and expansion of the existihg €SS, mainly by strengthening the

monitoring and control system in the project area.

Therefore, this phase includes works to formulate the metering and valving
system on the transmission/distribution mains, which aim at ncot only the
indispensable information collection of the main pipelines in the distribution
system, but also the basic information collection to effectively provide the
new CSS,.with the actual data of operation status from the initial step of its

system operation.

Such information enables the CSS to work properly as expected for
strategic_control of the transmission/distribution system. It is especlially
noted that acquisition and analysis of such data are quite time consuming.
Moreover, such data collection can only be pbssible with the installation and

operation of sensing equipment.

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, Navet and Hellis) including 16 raw water

sources as shown on Fig. 10 Project Area.

Target Year -

The end of 1995, four years after the initiation of the Project
imp}ementation in mid 1992.
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Population

Population In service area will increase from 1,192,000 in 1990 to
1,299,000 in 1995. Population served within the project area will also show a
rapid growth in the said period, i.e., from 825,000 in 1990 to 896,000 in
1995. '

Water Demand

On assumption that unaccounted-for water (UFW)_ratio would be
substantially improved from the present 50% t¢ a rather optimistic ratio_of
40% in the year 1995 by conduéting intensive wastage control activities,
future water demand including UFW in project area will be forecast almost
constant with a slight drop from 531,000 m3/d in 1990 to 513,000 m3/d in 1995.

Waler Balande

Dependable yields in the project area are estimated based on the
historical data and information from 602,000 m3/d in rainy seasons to 546,000
m3/d in dry seasons. This impliies a total of dependable yields will suffice

well for the water requirement in 1995 even in dry seasons.

Qutline of Phase I Projéct

Major facilities and instruments contained in the Project will have

following functions as shown on Fig. 11  Concept of Central Supervisory

System:

1) The CSS 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

paneli, efc,

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

supply.
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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 CSS.

4) Monitoring and control equipment to be installed at the waterworks,

punping stations, service storage reservoirs and water mains are flow

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

Major Facilities

The major output of the Phase 1 Project are presented below:

- Central Data Processing System (CDPS}

= 48 Remote Terminal Units (RTUS)

- Data Radio Communication System

- Field Instruments and Equipment

- Remote Control Equipment on Booster Pumping Facilities and Control
Valves _

- 139 Flow Meters and 106 Motor-driven Valves oh Production Facilities
and Traﬁsmission/Distribution Mains

- 21 Level Meters and 111 Pressure Gauges on Production and

Transmission/Distribution Facilities

For details, refer to Fig. 12 CSS Hardware and Data Communication, Fig.'
13  Water Suppiy System under New CSS, Fig. 14 Proposed Location of RTU
Stations, Fig. 15  CSS Building, Table 12 List of Monitoring and Control
Equipment in Phase-I by Central Supervisory System, Table 13 Proposed
Specifications of €SS Hardware and Table 14 Proposed Specifications of

Monitoring and Control Equipment.

Project Implementation and Costs

1} Project Implementation: 1992-1995 as seen in Fig. 16 Construction/

Implementation Schedule.

- Engineering service (detailed deslign, tendering & award of contract,
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éonstructicn supervision, and operation training), 1992-1993, 1994-
1995, and end of 1985.

- Construction and installation, 1§94-1995.

= ‘Place facilities in operation, and commissioning, 1994-1995, and end
of 1995.

2) Project Costs: See Table 15 Summary of Cost Estimate for Phase I Project.

Foreign {(US$) 35,278,000
Local  (TT$) 47,129,000
Total (Us$) 46,367,000

(Exchange Rates: 1 US$ = TT$ 4.25) _
{Costs as of March 1991: not including price inflation)

4.2 ECONOMI{C AND FINANCIAL EVALUATION
4.2.1 Economic Evaluation

The economic project evaluation is made by assessing the economic benefit

and cost stream generated by the Project implementation,

The economic cost is calculated based on the estimated project costs of
Us$ 46.37 million (TTS 197.07 million) in total for Phase I, and the

associated projects costs are incorporated for the costs and benefit analysis.

See aforementioned Table 11 and Table 16 Economic Benefit Stream.

The economic benefit.is mainly cdmposéd of the tangible benefits on the
water saving which is developed by the system monitoring and leakage
reduction. The average revehue per cubic meter of water sold is estimated at
TT$ 1.94 at market price in 1990, based on the adjusted average water rate for
metered account, records of water sales under present water tariff in 1988-
1989.

Economic internal rate'of return (EIRR) 1s calculated at 9.6% as shown in
Table 17 Econcmlce Benefit and Cost Stream, which is lower than the
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Opportuniity Cost of Capital (0CC) in Trinidad and Tobago (12%). However, the
EIRR understates a variety of intangible benefits of the Project and
"aggociated” benefits of the Universal Metering Program as mentioned before.

4.2.2 Financial Evaluation

Financial cash flow is made from the derived financiai benefits and costs
as shown in Table 18 = Financial Benefit Stream. The financial evaluation is

made in terms of financial internal rate of return (FIRR) and loan

repayability. The revenue of the projcct is calculated on the basis of
project incremental volume of water supply and the present average water
tariff. .

Based on the proposed Project outputs and available data on benefits,
FIRR is calculated at 0.3%. Although the benefit is positive, it cannot be
judged that the Project is financially sound even if the intangible benefits

are not reflected in the figure.

it is worfthwhile examining the increase in water revenuc to get the
Project financially viable. If WASA has its standard of the rate of return to
the investment, the standard can be applied to judge the financial viability

of the Project. However, there is no such standard at the moment.

Accordingly, an anal&sis can be made to derive some water rates which get
the FIRR of the Project eight, ten and twelve percentages. The result of the

analysis is as follows:

"FIRR Average Water Rate (TT$/m°)
8% 1.74
10% 1.98
12% 2.24
(0.3%) {0.99)

The above water rates are some indices showing the rates at'March 1991
prices to be raised by year 1996, the commissioning year of the Project.

The impacts'of inerease in water rates on the customers are examined,
especially for domestic customers, by checking if they can afford to pay for
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the water charges. To clarify a certain rate of the above FIRR, say 12%, the
water rates by customer category in 1995 were estimated to get the average
water rate in total TT$ 2.24/m3, based on the data in 1990, The average water
rate of domestic category has to be increased to TT$ 2.64/m3 from TT$ 1.08/m3
in 1990. See Table 19 Estimated Average Water Rate by Customer Category.

Assuming the household income constant in real terms until 1995, the
proportion of expenditures in water to monthly household income is estimated
at 2.7%, based on the available data. The percentage will decline when the
GDP grows in real terms. Indeed, it is forecasted to grow from 1991 to 1995
by National Planning Commission ("Medium Term Macro Planning Framework, 1989-
1995", September 1990).

The aVerage household could afford to bay the increased water rates, as

the upper 1limit of the capacity-to-pay for water chatges is generally

considered three to five percent of the household incone.

- 28 -



5. - COMPARATIVE STUDY

The scdpe of the Phase 1 Project, identified in the Master Plan, covers a
vast range of system moniteoring, operation, control, data processing and water
supply planning by instaliing CS8 instruments and menitoring equipment as
described in Part II.

" Feasibility Study presented in Part II1 analyses an early establishment of
the €SS in 1995 as Phase I Project, in accordance with the results of mutual
discussions between GRTT and Study Team during Master Plan stage.

Notwithstanding, as analyzed and suggested in Section 6 Project
Evaluation, Part III, the implementation of the above planned Project by the
vear 1995 is studied too optimistic {or hardliy justifiéd its feasibility

without conditionality) from financial points of view.

Following to the above result of project evaluation, a step—wise project
implementation is considered as a possible option, of whiéh outcome is
responding to the above scope of Phase 1 Project with full-scale css
improvement and development. With regard to possible options of the Project
implementation, a comparative study 1is made for the two potions presented in
Part 1V.

And it suggests that the more feasible solution is.to implement the
proposed Project in step-wise development, as the Option A below in three
steps as shown on Fig. 17 Construction/Implementation (Option A), which

alternates the original ?roject implementation plan (Option B) of single
step/stage development by the year 1995,

Option A

1) Installation of primary sensors (flow metérs. pressure gauges and level
meters) with fecqrders,'construction of meter chambers and computer system
for-electfonic data storage. (1992-1995) See Fig. 18 (88 Hardware and
Data Communication-ﬂptioﬂ-ﬁ and Table 20 TList of Monitoring and Control

Equipment in Phase I by Central Supervisory System-Option A (1) - (4],
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2) Monitoring and data acquisitiom for conducting pipe network hydraulic
anatyses and developing water supply'plan. (1996-1997)

3) Installation of CSS instruments, installation of flow controi'valves,
construction of RTU statioms and valve chambers, remote control
instrumentation for booster pumping station and expansion'of the CSS
building. This final step totally coincides with the outcome of the
following Option B (1997-2000). See above Fig. 18 and Table 20.

Option B

1) Unified or single-step installation of primary sensors, control egquipment
and CSS related instruments (1992-1995) See aforementioned Fig. 12 -and
Table 12.

To evaluate and compare -the above two options, the project costs_are

estimated as summarizes in Table 21 Summary of Cost Estimate for Central

Supervisory System {Option A) and Table 22 Summary of Cost Estimate for

Central Supervisory Sysiem (Optidn B).

Investment costs required for Steps 1 and 3 of Option A are US$ 6.9
million and 41.1 million respectively, which totals to US$ 48 million. On the
contrary, the investment cost of Option B for the full scale projebt of Phase
1 is estimated at US$ 46.4 million. As seen in the tables, the initial
investment cost of Option A is considerably low, about 15% that of Option B.
While, its total cost of Phase I is slightly hfgher than that of Obtion B.

According to the present value evaluation of investments for the ‘above two
options, see Table 23 Net Present Value for Options A and B, the investment

for Option A excels in every percentage of discount rates.

It is advised, therefore, that the Option A is a more feasible solution
for Phase I implementation. Economic and financial analyses of the above
options are made to verify viahility_ef the project as follows: {Refer to
Table 24 Economic Benefit and Cost Stream (Option A) and Table 256 Financial
Cash Flow (Option A).i -
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EIRR * FIRR at Water Rate (TT$/m°)

Option A 12.5% 8% at 1.43
10% at 1.61
12% at 1.80
Option B 9.6% 8% at 1.74
10% at 1.98
12% at 2.24

* ... EIRR is computed using the adjusted average water rate of
TT$ 1.94 as unit benefit.

The more feasible plan of Option A, which has even its full-scale CSS
improvement and development, is implemented in a longer period (1992-2000)
than that of the other optional plan for the Phase I Project {1992-1995).

However, it is more recommendable as the practical and effective
implementation schedule, which installs the metering facilities and personal

computers, in the S8tep 1 In Phase 1.

Thus, the said indispensable main plpeline information/monitoring systenm
is formulated in several years, using the installed measuring facilities with
the aid of personal computers, which collect and accumulate the main pipelines

operation status data/information.

The proposed €S5S In Phase is completely developed after realization of the
above pipeline information system, which is considered as the most

recommendable process of the effective CSS formulation and operation.

In addition to the above, the recommended plan (Option A) will have
following advantages and disadvantages:

Advantage

1) In several years of operation during Step 2, the accumulated data will
provide valuable information regarding water level fluctuation in the
reservoirs, and water flow condition of transmission/distribution mains
and off-takes through computerized pipe hydraulic'analysis. Therefore,
installation of full scale CSS instruments and control eqﬁipment are
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2)

3}

4)

designed and installed based on actual operation data, relevant studies

and analysis.

Contribution to the leakage control with the actual flow and pressure

fluctuation data in the main pipelines.

Moderdte in construction cost, not requiring the huge amount of initial
investment, and no major negative affection to investment on immediate

projects.

Comparing with the existing system, flow rate'COntrol of water'mains and
booster pumping stations will be done precisely by local operators and

turncockers based on the actual flow and pressure records.

Disadvantage

1)

2}

3)

4)

Delayed installation of CSS Instruments about five years which affects
more time requirement for the comprehensive supervisory system

formulation.
Delayed improvement of work efficiency by recruiting a large number of
turncockers/operators to appropriate posts in the other secticns/

departments.

Quick response and speedy reaction against abnormal water supply

conditions will not be made since installed annunciators, which instruct

operators the emergent situation, are not installed yet in Step. 1.
Slightly moderate in construction cost, however, it requires additional

¢osts for recorders and panel stands, printers, personal computers and

their peripherals.
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6. RECOMMENDATIONS

In the course of the present Study, following recommendations are
considered 1mb0rtant to implement the Project. Jtem 1) below presents
recommended option of CSS development, which 1s less costly and less
sophisticated but requires longer period of project implementation. Ttem 2)
is a reproduction from the prerequisite for implementing the Phase I Project
or the above.option. On the other hand, items 3) and 4) are regarding
institutional aspects of WASA and water resource development respectively.

1) Recommended Option of Phase I Project

Feasibility Study presented in Part III analyses an early establishment of
the €SS in 1995, in accordance with the results of mutual discussions betwecn

GRTT and Study Team during Master Plan stage.

As suggested in Section 6 Project Evaluation, Part III, implementation of
the Phase I Project by the year 1995 is considered too optimistic (or hardly
justified its feasibility without conditionality) from financial peints of

view.

Reflecting thé above result of project evaluation, recommended option of
the Project implementation, of which outcome is responding to the scope of
Phase I Project with full-scale CSS improvement and development will have

three steps of implementatidn.'

Installation of pressure gauges, flow meters and level meters furnished
with recorders, and computer system for electronic data storage will be

executed as the first step.

This initial investment will benefit=on providing valuable and reliable
operational data in several years of operation as the second step. It is the
very'analyses and studies regarding actual water supply conditicns and
consumer's water use patterns, on which future water supply planning including
development of CSS will be based. '
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Then the installation of the €SS instruments may follow as third step.
This final step is to operate the €SS along with operation manual developed.

‘Thus, the said indispensable main pipeline information/monitoring system
is formulated in several years, using the installed measuring facilities with
the said of computers, which collect and accumulate the main pipelines

operation status data/information.

The new CSS of the Phase I is completely developed after realization of
the above pipeline information system, which is considered as the most
recommendable process of the effective CSS formulation and operation.

Options A and B have the following steps of prdject implementation:

Option A

a) Installation of primary sensors (flow meters, pfessure gauges and level
meters) with recorders, construction of meter chambers and computer system
for electronic data storage. (1992-1995)

b) Monitoring and data acquisition for conducting pipe network hydraulic
analyses and developing water supply plan. {1996-1997)

¢) Installation of C88 instruments, installation of flow contrel valves,
construction of RTU stations and valve chambers, remote control
instrumentation for booster pumping station and expansion of the CSS
building. This final step totally coincides with the outcome of the
following Option B (1997-2000). |

Option B

a) Unified or single-step installation of primary sensors, control equipment
and CSS related instruments (1992-1995)

Approximate cost required for the first step of Option A 1s estimated at

US$ 6.9 miilion in total, i.e., about 15% of the Phase I Project-(OptiOn B)

cost. Table 23 also shows results of evaluation by present value method. As.
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clearly seen in the thble, "Option A" excels in every percentage of discount
rates applied (5%, 10%, 12% and 15%). Therefore, it may be concluded that
"Option A" is a more feaslble solution for Phase I Project implementation.

2) Urgent Implementation of the Immediate Project

The current study suggests'that the establishment of the €S8 for all
systems of WASA throughout the country is somewhat premature if the existing
water supply system be left without any proper measures. As identified in the
préseht report, implementation of the immediate project is a prerequisite
condition for starting CSS operation. Otherwise, targets set up for the Phase
I Project will not be achieved as intended. The immediate project will have
the scope of establishment of sound metering system amd tariff structure,
urgent implementation of leakage reduction, update of data and maps of the
existing pipe network, etc. as further described below:

Metering Syétem_

The present metering system adopted by WASA covers merely 1,802
cdnnectibns-(or less than 1%) out of the total 250,770 as of September
1990 to charge water tariff based on water consumption. Most consumers
use water freely with little awareness on conservation of water resource
because of absence of meters. -To reduce consumer's wastage which
contributes a substantial portioh of the bresent'UFW(SO%)'to an
appropriate level, an early establishment of the universal netering system
is indispensable, covering entire range of domestic, industrial and
commercial consumers. Previous surveys carried oﬁt in developed couniries
suggest that per capita demand decreased significantly foc 50% of the
previous demand by employing metering system.

Tariff System

Concurrently with establishment of the above, normal tariff structure that
charges based on meter reading, or actual water consumption 1s ideal for
reducing water wastage. As detailed in Section 5, Part I, there remains

some room %o raise water rates in view of the current tariff level and
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consumers' affordability to pay. Water rates should be determined and the
desirable level should reflect WASA's the actual expenditure and assetls so
far invested. 1Its early establishment can contribute greatly to
strengthening the financial capability and hence institutional management
of WASA.

Leakage Reductjion

The above two aim at reducing water wastage by improving the institutional
and Financial aspects of WASA. In addition, it is recommended that WASA
conducts a leakage reduction project to reduce physical water losses
through the pipe network. According to the pilot leakage survey conducted
under the current Study, most of unaccounted-for water is derived from
physical leakage through the pipelines and valves. For smooth
implementation of the leakage.reduction project, objectives and
implications of such activities will be recognized clearly by the public
as well as WASA. Public understanding and cooperation are of primary

importance in conducting the leakage reduétion project.

Update of Data and Maps of the Existing Water Supply System

As-built drawings and data based on detailed surveys available in WASA,
although very limited; are not always accurate as discussed in Part I of
this report. These data and maps sometimes contradict each other.
Possible reason for this may be attributable partly to the obscure unit
system and base line for survey and measurement. -To avoid such
circumstances, WASA is recommended to conduct topographical surveys on the
existing water supply system throughdut the country based on an unified

and standardized unit.

Periodical'Calibration/Overhanl/Replacement of the Equipment

It is often observed durlng field reconnaissance that meters, pressure
gauges, pumps and valves installed at the waterworks and on the
transmission/distribution network arc malfunctioning and left without
repair. More resources should be assigned'to appropriate maintenance and

periodical calibration of the installed eguipment. Such activities on
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dally routlne basis may be the most cost-effective measures to ensure
effectiveness of monitoring and control of the whole water supply system.

Public Campaign to Reduce Water Wastage

As described above, unaccounted-for water reaches to a high ratio of
approximately 50% according to the result of field surveys. This implies
the half of the production and investment cost are wasted. If such
wastage or losses were reduced, the water revenue would significantly
increase. To generate further income, it is also an important measure to
conduct campaign to enlighten the people how to use effectively the piped

water without wastage.

Development of Long and Mediuvm Térm Water Supply Master Plan

The present report deals with the Master Plan.of Water Supply Supervisory
System and Feasibility Study of the identified Phase I Project. The
report is prepared.in the absence of any comprehensive long-term water
sﬂpply master plan. In this sense, the current study on development of
watef supply supervisofy system stands unsupported. It is desirable to
establish long and medium tefm water supply master plan. as expeditiousiy
as possible: then, review the current study in compliance with the

strategy and targets established.

‘Self-sufficiency of WASA

'WASA depends significant part of the financing on the Central Government
for project investmént and even for routine maintenance. Vast amount of
accounts recelivable has been accumulated; cquivalent to nearly annual
water sales at the end 1989. Further, the working ratio (the ratio of
operating expenditures less depreciation to operating income), 1.58 in
1989, suggests current critical financial position of WASA. It can be
séid that the financial capability of WASA is quite vulmerable and weak as
sole utility responsible for developing &nd managing water and seéewerage
works in Trinidad and Tobago. As seen in SAL agreement concluded between
WASA and the World Bank in November 1989, it is fundamental to establish
self-sufficiency of WASA in the early stage of the project development.
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3) Improvement of Service Level of WASA to the Customers

Customers in some remoie areas are sufféring from water shortage whereas
much water are wasted as leakage particularly in high pressure zone. Current
practice by WASA to supply water to such customers is an intermittent supply
by valve turncock or by taﬁk truck. It can be salid that the existing systems,
particularly distribution network, have not been planhéd on the basis of
actual water demand. DMoreover, water ta$iff applied in Trinidad and Tobago is
most in practice a flat rate system according to the potential value of
property; customers are unmetered (99% In number), therefore pay constant
water rate regardless of water consumption. In such a situation, many may not
be satisfied with the services rendered by WASA. Much emphasis should be
directed to the strengthening institutional aspects to improve WASA's service

level.

4) Water Resource Development

 As suggested_in the present Report, total dependable yields from the
existing water sources available in the country is exceeding the water demand
of the whole population. This situation will continue up to the target year
of 2005, provided that the unaccounted-for water ratio be Significantly
reduced from the currenf 50% to 20% in 2005. The field survey conducted in
the course of the Study also suggests that the southerm rural area of Trinidad
rather than the northern urban area, and most part of Tobago are suffering
chronic water shortage. Immediate improvement of this situation in a few
years might be impossible becaﬁse of the consfraints of physical configuration
of the existing water sﬁpply systems, such as the transmission and
distribution facilities, and the limited avallability of water sources. It Is
therefore recommended that WASA urgently formulates comprehensive water source
development plan to cope with this problem.

- 38 -






Fig. 2 MAP SHOWING WASA WATER AREA
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Fig. 3 COMPREHENSIVE MAP OF EXISTING WATER SYSTEM
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Fisz. 6 ITMPLEMENTATION SCHEDULE

PROGRAN

PHASE [ / DBSEDIATE PROJEGT ‘ : PHASE 11

STAGE 1 | STAGE 2

 DESCRIPTLOR

L. Master Plan and Feasibility Stedy

167 1901 11992 1993 1994 1695 [1995 1067 :1988 1999 2000 2001 2002 2003 2004 2005

2. loan Kegotiation/Financing for
[mmediaie and Phase 1

3. IMMEDIATE PROJECT

3.1 Select and Award Engineering Service

3.2 Engineering Service

3.3 Tendering and Awavd of Contract

3.4 Construction/Installation

3.5 Place Facilities in Operation

4. PHASE 1 PROJECT

4.1 Select and Award Engineering Service

4. 2 Engineering Service

4.3 Tendering and Award of Contract

4. 4 Construction/Instaliation

4.5 Place Facilities in Operation

4.6 Commissioning

5. Kegotiate Loan/Finance for Phase II

6. Operation, Data Collection/Analysis

7. PHASE 11 PROJECT

7.1 Select and Award Engineering Service

7.2 Engineering Service

7.3 Tendering and Award of Contract

7. 4 Construction/Installation

7.5 Place Facilities in Operation

7.6 Commissioning

NOTE: DD - Delailed Design
“FE - Tender Evaluation

€5~ Construction Gupervision
TR - Test Run
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% - Water Supply Oporation Guideline
(fASA) - Executed by WASA
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-REMOTE TERMINAL UNIT (RTU)

PROPOSED

STATIONS

PROPOSED
REMOTE TERMINAL UNIT (RIU)
STATIONS

LOCATION

NO. LOCATION

=
o

§ § MAUSICA JUNCTION ...

NORTH OROPOUCHE

o HOLLIS WY |14 {TUNAPUNA BPS . . ..
3| GILL TRACE T
4 ARIPO BPS | o
GUANAPO_JUNCTION

6| DEVERARA_JUNGTION
7

9 AROUCA W

13 1 ST. - AUGUSTINE RESERVOIR

‘17 | URTAT BUTLER MW JUNCTION

18 { MT. HOPE RESERVOIR -

11 | TACARIGUA Wi

12 | FLOW CONTROL STATION

24 | SERVOL LIFE CENTER

NOTE:

BPS: BOOSTER PUMPING STATION = H¥: HIGH WAY

Wi¥: WATERWORKS

PROPOSED PROPOSED
REMOTE TERMINAL UNIT (RTU) REMOTE TERMINAL UNIT (RTU)
STATIONS ___ STATIONS
NO LOCATION NO.[ _ LOCATION
25 | KNAGGS HILL |37 | TRINGEN 1T
26 | NATIONAL FLOUR MILL | 38 | CALIFORNIA RESERVOIR
27 ) TUMPUNA STORAGE LIFT PS 139 TCL i
28 L CARONE WTP . f 40 | MABAVELLA . .l
29 KBLLY VILLAGE V41| SAN FERWANDO BPS
301 SCALE YARD .| A2 MOSQUITO CREEX .
SLALASLOMAS | 43 | ST.. CLEMENT
32:( JERNINGHAM JUNCTION 44 paiSY
33 | CHAGUANAS . . .....] 45 1 MALGRETOUIE BPS .. ..
34 | CARLSEN FIELD WY . . 146 BROTHER ROAD . ...

CARAPICHAIMA

| WARDEN OFPICE T

48

A

NAVET WW

NOTE: BPS: BOOSTER PUMPING STATION

PROPOSED LOCATION OF RTU STATIONS

WIP: WATER TREATMENT PLANT

PS: PUNDING STATION
Wf: WATERWORKS
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