2.4 Cost Estimates and Present Value

To determine the method of project implementation, project costs are
estimated as summarized in Tables L-2 for Option A and L-3 for Option B.
Initial investment costs required for Steps-1 and 3 of Option A are US$ 6.9
million and US$ 41.1 million respectively. The Option B investment cost 1is
estimated at US$ 46.4 wmillion. The Option B is slightly moderate in initial
investment cost. These tables also show replacement costs of the instruments
and equipment, required when they ocutlive their durable years.

Table L-4 shows an annual investment plan for these two options, which are
developed on the basis of the initial investment and replacement costs
estimated, a tentative construction schedule and expected design 1life of
materials and equipment.

Present value method is applied to evaluate options. Discounts rates
employed are 5, 10, 12 and 15%. Present values estimated from annual
investment plans for coming 20 years up to 2010 are also shown in Table L-4.

2.5 Recommendat ions

As ‘clearly seen in Table L-4, "Option A" excels in every percentage of
discount rates. Difference in the net present value ranges from US$ 8.7
million to 13.5 million. The table also suggests that the higher the discount
rates are employed, the larger the deviation are seen. Since benefits accrued
from these options can be considered almost similar, it may be concluded that
"Option A" is. a more feasible solution for Phase I Project implementation.
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Table -1 LIST OF MONITORING AND CONTROL EQUIPHERT BY CENTRAL SHPERVISORY SYSTEM - OPTION A (1)

(300} ; PIPE DIAMETER (B4,

NOTE: AN; ANNUBAR, F ; FLOAT TYPE, Av ; AVENUE, W ; WATERWGRKS,
AP; AIR PURGE TYPE, O ; ORIFICE PLATE,  HW ; HIGH WAY,  OF :; OFF-TAKE, "+ EXISTINGS TO BE USED,
AV: ALTITUDE VALVE, P : PROPELLAR TYPE,  SH ; SIEET, JCT: JUKCTEON, "¥': EXISTINGS (REPLACEMENT PERIPHERALS),
B 5 BOURDON THBE, PF; PABSHALL FLUME, ST ; STREET, 1C : INTERCONNECTEON, . "a"; INSTALLATION OF GONTROL EQUIPMENT,
BU; BUTTERFLY VALVE,  V ; VENTURI TUSL, RES: RESETMVOIR, BPS; BOOSTER PUMPING STATION,
GV, CONE VALVE, 1: ROAD, IT ; INTAKE, D : DIFFERENTIAL PRESSHRE TYPE,
NUEBER & PHASE 1
NAME OF S TE PP 1 STEP 3
RTU STAL. NAHE OF EQUIPHMENT WUMBER OF MONITORINGINSTAL NIMBER OF MONITORING DATA ECUIPMENT TO BE
T0 BE KONITORING POINT 10 BE INSTALLED DATA BY REGORDER | EQUIP.| BY CERTRAL SUPERVISORY SYSTEM (CSS) CONTROLLED
INSTALLED 1EVEL | PRESS | FLOW WATEWERFLW [FOTALEONTROLWATE RWATERFLOW WALVE | PLMP WLARMTOTAL]  PUMP VALVE
[STEP 2] METER | GAUGE | METER LEVELPRESSRATE VALVE LEVELPRESSRATE BTATUSSTATHS NO.] PLACE ND. | PLACH
1 NORTH OROPOUCHE W¥ 5 5
RAW WATER 3 ¥ PE} ML 1 o) L] Ll
Z LIS
DISTRIBUTION {(600)
3 GILL TRACE
(UARE WATER TANK
¥
T SANGRE GRANDE 0T (400}
4 ARIPO BPS
ARIPO(NEW) RAW WATER (300)
) 2
( (
CUKOTO(2) OT (300)
5 GUANAPO JURCTION
GUANAPO RAW WATER (300)
(
GUANAPO JUNCTION OT {300}
5 DEWERARA JUNCTIOR
DEMERARA JGT OT (300}
- TMPUNA JCT OT {(300)
7 ARINA OLD RESERVOIR

ARIMA NEW RESERVOIR (375)

ARIMA B/PTNES

8 WAUSIEA JUNCTION

OLTON RD 0T {150}

)
MALONEY JCT 0T (300)

5 AROUCA

¥

CLEAR WATER TANK

{
LOPINGT I OT (300)

PS 0
PASEA 8D OT (175}

B AN 1 1 BU 1 1 1 1 [ SITE
10 CAURA W¥ 41 : 5
RWWATER ooy T I T ) I O S I T Y I O L O 1
CLESR WATER TANE. R T S O TN S 5 OO U U Y A N N
DISTRIBUTION {400) B M 1 1 Bl 1 1 1 1§ SITE
11 TACARIGUA WW _ 9 12
CLEAR WATER RESERVOIR 1% B i 1




Table L-1 LIST OF MONITORING AND CONTROL FQUIPMENT BY CENTRAL SUPERVISOHY SYSTEM - OPTION A (2)

NOTE: AN; ANNUBAR, F ; FLOAT TYPE,

AP; AIR PURGE TYPE,

0 ; ORIFICE PLATE,

AV; ALTITUDE VALVE, P ; PROPELLAR TYPL,

5 ; BOURDON TUBE,

PF; PARSHALL FLUME,

BU; BUTTERFLY VALVE, ¥ ; VENTURI TUBE,

3T ; STREET,
fES; RESERVOIR,

v ; AVERLE, WY . WATERWORKS,
AW 5 HIGH WAY,  OT ; OFF-TAKE,
Sit ; SHEET, JGT; - JUNCTION,

G ; INTERCONNECTION,
BPS: BOOSTER PUMPING STATION,

(300); PIPE DIAMETER{¥},
", EXISTINGS TO BE USED,

; EXISTINGS (REPLACEMENT PERIPHERALS),

"#"; INSTALLATION OF CONTROL EQUIPMENT,

C¥; CONE VALVE, RD; ROAD, 1T_; INTAKE, D, DIFFERENTIAL PRESSURE TYPE,
NUMBER & P llAS E I
NAME OF STEP 1 5STE®P 3
RTU STAT. HAME OF EQUIPHERT NUMBER 0F MONITORINGINSTAL! NUMBER OF HONITORING DATA EQUIPHENT TO BE
10 BE MONITORING POINT T0 BE_INSTALLED DATA BY RECORDER | EQUIP.| BY CENTRAL SUPERVISORY SYSTEM (CSS) CONTROLLED
INSTALLED LEVEL, | PRESS | FLO® WATEREATERFLUW TOTAL‘ONTROLWATE]WATEBFLGW VALYE § PUMP ALARMEOTALY _PLMP VALVE
[STEP 2] METER | GAUGE { METER LEVELPRESSRATE VALVE LEVELPRESSRATE STATUSSTATUS NO.t PLACE] NO.| PLACE

12 FLOR CONTROL STATION

PIARCO JCT OT (300)

FLOW GONTROL, STATION{800)

| SITE.
SITE
SITE

13 ST AUGUSTINE RESERVOIR

RESERVOIR (750
€

)
RIVERSIDE RD OT (100)

14 TUNAPUNA_BPS

TURAPUNA (1) (150

TUNAPUNA B/PUMPS

5 ST JOSEPH RESERVOIR
ERVO

ST JOSEPH(2) (300}

16 VALSAYN W¥

RAW RATER (750)

YALSAYR B/FUNPS

17 URIAH BUTLER i JUNCTION

| STAG/NESTL 0T (300}

18 Wi. HOPE RESERVGIR

HESFRVGIR (600}

(260)
TO_SANTA CRifZ 07 (250

13 MALICK RESERVOIR

(300)
T0_LADY Y()UNG Ay, 0T (450)

PO EL SOCORRO ww

RAW WATER (750)

| £LS0C0RRD B/PUHPS

¢l LAVENTILLE

[ T0 LAVENTILLE OT_ (300}

2 BLACK RIVER




Table L-1 LIST OF MONITORING AND CONTROL EQUIPHENT BY CENTRAL SUPERVISORY SYSTEM - GPTION A (3)

(300); PIPE DYAMETER(MY),

NOTE: AN: ANNUBAR, F : FLOAT TYPE, Av ; AVENUE, WY ; WATERWORKS,
AP: AIR PURGE TYPE,  © ; ORIFICE PLATE,  WW ; HIGH WAY, OT ; OFF-TAKE, "¢". EXISTINGS TO BE USED,
AV: ALTITUDE VALVE, P ; PROPELLAR TYPE,  SH ; SHEET, JCT; JUNCEION, "y". EXISTINGS (REPLACEMENT PERIPHERALS),
B ; BOURDON TUBE, PF: PAHSHALL FLUME, ST ; STREET, G ; INTERCONNECTION, "4": INSTALLATION OF CONTROL EQUIPMENT,
BU: BUTTERFLY VALVE. V ; VENTURI TUBE, RES; RESERVOIR, BPS: BOOSTER PUMPING STATION,
CY: CONE VALVE, RD; ROAD T . INTAKE, D : DIFFERENTIAL PRESSURE TYPE,
NUMBER & P HASE | .
HAME OF ST EP 1 ST EP 3 .
RTU STAT. KAME GF FQUIPHERT FIMBER OF ¥ONITORINGINSTALL NUKBER OF MONITORING DATA FQUIPHENT 10 BE
T0 BE MONITORING POINT 70 BE INSTALLED | DATA BY RECORDER | FQUIP.| BY CENTRAL SUPERVISORY SYSTEM (CSS) CONTRROLLED
INSTALLED TEVEL | PRESS | FLOW WATERWATERFLOK [FOTALECNTROLWATERWATERFLOW NALVE | PUMD hLARMTOTALl PUMP | VALVE .
[STEP 2} WMETER | GAUGE | METER LEVELPRESSRATE VALVE LEVELPRESSHATE STATUSSTATUS NO.] PLAGE| NO.] PLACE
BLAGKRIVER (D or ooy [ 1 B b { xp af bl i 1p Y ol 1 [ SITE
(o} | ol ooBy o ANL o oaponor ek e R 1| SITE,
G2y |l ANy o ve )] I |SITE.
0 LADY YoUNG b 0T {900 1| §19E
73 PIGTON ND. 3 REGERVOIR 16
PI(:T(}’i #1 RESERVOIR (400)| « D FO RN T U U .\ 2 U % TV S VSt v Uy A
KERR HB 0T (160}
B4 SEAVOL LIEE CENTER g
BEETIAM DUME GT (100) B o o ooy loapoab o oy 1 I SITE.
B AN Vyore o LoBoy b e 1| SHE
B M 1 1]SIE
JE ™ RNAGGS HILL 19
ESERVOIR (2% . |2} b ooawl o2 o lotpoqrava ozl o o4oab bt b b
.................... SIE
....................... SHE
........................ SHE
________________________ SHE
BARRACK (750) B AN il 111
6 WATIONAL FLOUR RILL 2 3
RNEMOT (100) [0 LS O S I ST VU OO N DO FOUUR ! o I 1|SHE
PORT AUTHORITY @00y | ¢ ko b
POST OFFICE 300y (¢ 4 p b b v A
NATIONAL STADIUM {300)
7 TUNPURA STORAGE LIFT P5 ] 77
ARENA_IMPOUNDING RES. ¥ AP 1 1
TUMPINA S. L. /PUNPS i2
8 CARONI WIP 1 7 -
BAWWATER 1 yoap ¥ PE| 1} | oot o1 T TN OOt oo O
CLEAR WATER RESERVOIR ¥ AP  f [ . Lol 158 ISUUNOS TEUUNS ST ISTU IO ISR O
CARONT NORTH (800) o *BOIY AN L b YR TS NS 1 TN N U SN SRS
CARDNI SOUTH (1200} + B ¥ MK i1 ¥ B 1i 1 1 1 CARDNI
D0 RELLY VILLAGE ] 3
[RELLY VILLAGE OT (300 B N 1] 1 [ 1 1f 1 1 [ SITE
0 SCALE YARD 3 -
SCALE yARD OT (aoo) L 1 B L ooawpb oy Ll v pooeut by  oud o nfo b 1| SHE
HINGKING BD 0T (300) i SHiE
1 LAS LOWAS WR 5
RewatER GO} 4 (oo b bl
GLEAH WATER RESERVORR 1 b | b v b A e b
DISTRUBUTION (660) ¥ s ¥y v | [ ol Vel 7yl vy 1| SHE
RZ JERNINGHAM JUNGTION 5
TOLAS LOMAS OT (00 | | B 1 Ay | it 1+ | |t 1 |+ § 111 1
JERNINGHAM JCT OF (300) 1| SKTE
37 CIGUANAS 3
CHAGUANAS OT (300) 1| SHE
LANGE PARK OF G0y | R e e e e 1. 1| SETE
A ORI SEN FIFLD W 7
CLEAR WATER RESERVOAR F % x L rl b,
DISTRIBUTION(LY {200} . e 1| SITE.
DISTREBUTIONGD G50} | 13 1 | i e i oy 1| SITE
B5  GABAPICIADG 7
CARAPICHAIMA OT (200} 1| SITE
.JO CARLSEN FIELD OT (360) SO IO T I I
e e e e e[S St (R o e o o
§  WARDEN OFEIGE ]




Table L-1 LIST OF HONITORING AND CONTROL EQUIPMENT BY CENTRAL SUPERVISORY SYSTEM - OPTION A (4)

NOTE: AN; ANNUBAR, ; FLOAT TYPE, Av 1 AVENUE, WY ; WATERWORKS, (300); PIPE DIAMETER (M),
AP AIR PURGE TYPE, O : ORIFIGE PLATE, I ; HIGH WAY, OT ; OFF-TAKE, "+ EXISTINGS TO BE USED,
AV: ALTITUDE VALVE, P ; PROPELLAR TYPE,  SH ; SHEET, JCT; JUNCEION, "y © EXJSTINGS (REPLACEMENT PERIPHERALS),
B ; BOURDON TUBE, PF: PARSMALL FLUME, ST : STREET, IC ; IKTERCONNEGTION, "#"; ISSTALLATION OF CONTROL EQUIPMENT,
BU; BUTTERFLY VALVE, ¥ ; VENTURI TUBE, RES: RESERVOIR, BPS; BOOSTER PUMPENG STATION,
CV; CONE VALVE, RD;_ROAD, IT ; INFAKE, D DIFFERENTIAL PRESSURE TYPE,
KIMBER & - i P HASE 1
HAME OF STEP 1 S TEUP _ 3
RIU STAT. NAME OF EGUTPMENT NUEBER OF MONITORINGNSTALI NUMBER OF MONITORING DATA FGUIPMENT TO RE
T0 BE MORITORIXG POINT T0 BE INSTALLED DATA BY NECORDER | EQMIP.| BY CERTRAL SUFERVISORY SYSTEM (CS5) GONTROLLED
IHSTALLED LEVEL § PRESS | FLOW RATERWATERFLO® [TOTALLONTROLWATERKATERFLOW WALVE [ PUMP RLARMIDTAL{ _PUMP VALVE
[STEP 2] METER | GAUGE | METER LEVELPRESSRATE VALVE LEVELPRESSRATE STATUSSTATUS KO.§ PLACE! NO. | PLACE]
WARDEN OFFICE OF (300) | 3 BT AT 17 RS T TN RN O O SOOI O OO 1 [SITE
COUVA LANE 6T Cao) " TR AN Y - 0%V OO 10 O OO N U NN SOV O O 1| SIE°
POINT LISAS OF (609) B AN 1) 1 Bl 1[ 1 1 1 | SITE
B7 TRINGER 11 2 3
TRINGEN 11 0T (300) B AN 1] 1 il 1f 1 1 1} SITE
B8 CALIFGRHIA RESERVOIR -2 I : 2
RESERVOIR {900) D Ml o1 1] a1 1
3¢ 0L o 2 3
TCL OT (360) B AR 11 1 BU 1] 1 1 1| SITE
) WARAVELLA i 2 3
FHARAVELLA OT- (300} B AN 1] 1 Bl 11 i 1 [ SITE
il SAN FERNANDO BPS 14 49
_| SAN F' DO B/PUMPS 6| 25 31688
H?  MOSQUITO CREEK 2 3
[ T0 MGSQUITO GR. OT (6OD) B AN 1] 1 il 11 1 1 1 [SHE
i3 ST CLEMENT 4 R S A &
ST CLEMENT (1) o1 ooy [} ] Bp AL .. 1.1 B RN Bl ] 1| SITE.
ST CLEMENT (2) 0T (250) B AN 11 1 BU 1| 1 1 1 [ SITE
4 DAISY
DAISY OT (400)
%5 WALGRETOUTE BPS
BOOSTER SUCTION (900}
MALGRETOUTE B/PUMPS
15 BROTIER RDAD
_BROTRER ROAD 8T (TS0}
O PIPARD/ARGH 0T (250)
T0 ST JULIAN OT (375)
47 100 BPS
'BOCSTER SUCTION {900}
TGO B/PUYPS
18
= LIST OF ITEMS =
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3. REMOTE CONTROL BCOSTER PUMPING STATION
3.1 Outline of Existing Booster Pumping Stations

As described in the Part I of the Main Report, booster pumping stations
in Trinidad and Tobago are summed up to 58 in number including high 1ift
punping stations.

There are three types of punping stations construclted so far ‘in Trinidad
and Tobago. They are booster pumping stations, high 1ift pumping stations and
storage 1ift pumping stations. - Difference of the former two is whether the
pumping well exists or not in the pumping station. The latter aims to 1if¢
raw water from the downsiream river/low dam to the water resource reservoir
when water level is quite low in the reservoir.

Most of the pumping stations, although some pumps are dismantled for
repair, are working normally. Table 1-4.3 given in the context of the Main
Report presents the working conditions of booster pumps with some technical
information. '

3.2 Method of Selection

It is difficult to select some alternatives beforehand due to lack of data
and information on actual pump capacity and transmission/distribution system.

In view of the objectives of the Phase I project to be fcellowed by Phase
11 Expansion Project, it is desirable that several key pumping stations are
monitored and controlled from the €SS building during the period of the Phase
I Project. After collation and analyses of the compiled data, the number of
pumping stations will be increased according to the requirements during Phase
1I Project. ' '

Hence, it seems rather reasonable to select several pumping stations out
of 58, which are located along the transmission/distribution mains from four
large scale water supply systems. Evaluation of each pumping station will,
then, be made from viewpoints of cost, scale, number of operators, etc.
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3.3 Selected Booster Puuping Stations

The selected hooster pumping stations. for remote éontrol during the period
of Phase I Project are following six booster pumping stations and one storage
1ift punmps, which are also 1listed in Table L-5:

Booster Pumpling Stations

1} Tunapuna BPS

2) Valsayn BPS -

3) E1 Socorro BPS
4} San Fernando BPS
5) Malgretoute BPS
6) TCO BPS

Storage Lift Pumps

1} Tumpuna SLP

3.4 Recommendation

Foilowing are the JICA Team's recommcndations related to remote control
operation of the pumping stations:

1) Initiation of remote control operation will require repair works of
pumping facilities in advance. It is minimum requirements that all pumps
installed for standby should be overhauled and any dismantled pumps for
repair should be also restored as originally designed.

2} After initiation of the remofe control operation by.the'CSS, periodical

maintenance of pumps and the appurtenances will be indispensable to
operate the system as longer period as possible.
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Table L-5  SELECTION OF BOOSTER PUMPIRG STATIORS

NAME OF  NUMBER OFl} CAPACITY NUMBER OF  DISTRICT2)cosT or3) EvaLuaTION®

STATION PUMPS (CMD) OPERATORS - INSTLLTN
funapuna 3(1) 15,300 4 NC Ir- - II
Valsayn 3(1) 36,300 4 NC 11 11
El Socorro 3(1) 90,700 4 N¥ 11 -1
San Fernando 3(1) 68,300 4 SF/SC 1 . 1
Malgretoute 5(2) 67,000 4 SE 11 I
TCO 6(2) 77,184 4 SE i1 I
Aripo 2{1) 4,600 1 NE ' iT 11l
Arima . 2(1) 4,600 1 NE 11 I1T
Tumpuna 6(2) 257,000 B ¢ NC I B |
Navet 6(2) 90,700 1 SE 1X It
Note:

1) Number in parentheses means number of stand-by.
2) Abbreviation of districts are as follows:
NE: North East
NC: North central
N¥W: North west
SF: San Fernando
S5C: South central
SE: South east ' : - :
3) Priority(I, II and II1) evaluated in the table means as follows:
I: Most effective or reasonable
I1: Priority between I and 111
I1i: not effective at the moment
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M. EXISTING €SS FACILITIES

FACILITIES

1.

a)

b)

c)

d)

e)

)

Background
The €SS was commissioned in November 1980 with the following components:

Two (2} computer Systems and peripheral devices.
Twelve (12) Remote Terminal Units (RTU) at the following places:

Mallic Reservoir :

El Socorro Booster Pump Station
San Fernando Booster Pump Station
Mt Hope Reservoir

Caroni Water Treatment Plant
Valsayn Booster Pump Station
Loango/Naranjo Waterworks

Acono Waterworks

Caura Waterworks

Subero S$t. Booster Pump Station
Aripo Waterworks

Flow Control Station

The following RTUs were 1nstélled by the end of 1980,

Picton Reservoir
Morvant Reservoir
St Joseph Reservoir

The following RTUs were installed in 1981,

Tunapuna Booster Pump Station
Tumpuna Pump Station

Valley View Reservoir

Arima Reservoir

North Oropouche Waterworks

The following RTUs were installed in 1986,

Knaggs Hill Reservoir
California Reservoir

The RTU was_installed at Pepper Hill Reservoir in 1987.

The RTU at_Sﬁberc St. Booster Pump Station was removed in 1989 due to
removal ‘of booster pump. '



2. Existing CSS Facilities

The existing CSS facilities consist of four main system blocks such as (a)
Central Processing Unit, Peripheral and Auxlliary Equipment, (b) Data Radio
Communication, (c) Remote Terminal Units and (d) Field Instruments and
Equipment as shown on Fig. M-1. The details of those systems are described
below.

a) Central Processing Unit and Peripherals
-A computer is always carrying out the real time monitoring of the water
system functions. Whenever this computer fails, the stand by was to be

switched to carry out the said functions of monitoring the water system.

The Central Processing Unit and Peripherals consist of the following

components.
Uninterrupted Power Supply 1 Topaz 81415-17
Central Processing Unit 2 DEC PDP 11/34
Fixed Disk Drive 2 DEC RKO5-I7
Cartridge Disk Drive 2 DEC RKO05-]
Magnetic Disk Drive 2 DEC TS03
High Speed Printer 1 DEC LA 180 PA
Graphic Printer 1 HP 7202 A
Video Terminal 1 DEC VIs2
Printer Terminal 1  DEC LA 36 CE
Color Video Terminal 2 ISC 8100
NODEM 2 Racal/Yadic VA 1230 K
Switch Panel 1

Note: DEC ; Digital Equipment Corporation
HP ; iHlewlett Packard :
I8C ; Intelligence Systems Corporation

b) Data Radio Communication

The Data Radio Communication Link is made up of the following (ref. Fig.
M-2). ' :

Data Radio Transceiver at the Central Supervisory System Building
" Data Radio Repeater at Pepper Hill
Data Radio Transceiver at each RTU

_ The Data Radio Communication Link consists of the following Components.

“Transceivers 2 Master II VC 55 RAD 77B:

Repeaters 2 Master I1 SC 55 RAL 778

Repeaters 2 Master II SC 76 RAD 66A _
Transceivers 6 Custom MVP CT 56 AAP with duplex
Transceivers 19 - Custom MVP CT 56 AAP without duplex



c)

d)

3.

Remote Terminal Unit (RTU)

Presently there are twenty two (22) RTUs at water supply facilities. The

following are type, quantities and manufacturers of conponents in a

typical RTU The components are more or less standard in each RTU except
that thEIe are different quantities of input/output interfaces in ecach
RTU.

Modem Watch Dog Timer 1 SC1 PC 737315
Micro Processor Unit 1 MTR M 68 MM 01 A
AC/DC Power Supply 1 R/0 Model 750
DC/DE Power Supply(Input/Qutput Interfaces) 1 SCI AD 757340

Two States Input PC Card SCI AD 7573505

Relay Driver Output Card SCI AD 7573510

Multiplexed

Analog Input PC Card SCI AD 7573500

Analog Qutput PC Card SCI AD 753520-2

Note: SCIL; Systenm Cdntrol Incorporated
MTR; Motorola
R/0;. R.0.Associated Incorporated
Field Instruménts and Equipment

The fleld instruments and equipment are classified into four (4) main
categories as follows:

Analog Input Devices
Analog Qutput Devices
Discrete Input Devices
Discrete Qutput Devices

The analog input and output dev1ces are instruments and dlscrete input and
output devices are relay or two state switches.

The 1list of instruments, type and manufacturers is shown in Table M-1.

Function of the Components of the Central Pfocessing Unit and Peripherals

The each function of the'components of the Central Processing Unit and

Peripherals is described below.

a)

b)

Uninterrupted Power Supply (UPS)

The. UPS supplies power even during the Cime it takes between loss of
utility electrical power and supply of electrical power supply from stand
by electrical power generating plant. The Central Processing Unit and
Peripherals are supplied with electrical power through the UPS.

Central Processing Unit (CPU)

“The Central Proce531ng Unlt is the main intelllgence of the Central

Supervisory System. It communicates with all the other peripherals to
control them. ' It uses a number of computer programs designed to. operate
on available data.



d)

e)

f)

g)

h}

i)

Fixed Disk Drive

The fixed disk located in the Fixed Disk Drive stores the programs which
make up the operating system, indefinitely. When the computer system is
being placed "on-line", the operating system is loaded from the Fixed Disk
Drive into the CPU's main memory where it may communicate faster with the
processor, the main controlling components of the CPU. The fixed disk
also store indefinitely, the program which monitoring and data logging of
water system information.

Cartridge Disk Drive

The Cartridge Disk is removable from the cartridge disk drive and stores
the information from water system obtained through data logging by the
Central Supcrvisory System. '

Magnetic Tape Drive

The magnetic tape in the Magnetic Tape Drive is removable and performs the
same functions as the Cartridge Disks.

High-Speed Printer

The High-Speed Printer is a unidircctional machine fo man communication
link. It prints out alphanumeric information regarding the activities
taking place within the central processing unit on paper, as directed by
the CPU. It is a one-way communication link since man cannot communicate
with the equipment in the Central Supervisory System through this printer.

Graphic Printer

The Graphic Printer is a unidirectional machine to man communication link.
The graphic printer prints out graphical information on paper as directed
by the CPU.

Video Terminal

The Video Terminal is a bidirectional man/machine intercommunication link.
It is the intercommunication link between man and computer and provides
the features for writing, running and editing programs via a key-board.
Through this terminal new program can be written and old programs
modified.

Printer Terminal

The four (4) printer terminals are all bidirectional man/machine
intercommunication links. Two {(2) of the terminals are programmer's
terminals communjicate with the Central Processing Unit in the same manner
as the Video Terminal. They perform functions similar to the Video
Terminal, and in addition they print ouft on paper all the
intercommunication. There are twoe other printer terminals called
Operator's Terminal which mainly log errors, alarms or significant events
as they occur within the water system. :



k)

a)

b}

Color Video Terminal

The two (2) color video terminals provide bidirectional man/machine
intercomeunication with the water system. They communicate information
from the water system to the operator via the screen in both graphic and
aiphanumeric symbols.

MODEM

‘There are two modem cards in the modem card cage through which all data

communication between the Central Computer at the CSS Building and the
Remote Terminal Units take place. One of the modem cards is connected to
each of the CPU's. The modem which effectively modulates and demodulates
data signals, converts data signal from standard two level voltages used
in the computer for digital data manipulation to two level frequency used
in telephone line transmission of digital data. The modem also converts
two level frequency received as digital data from the Remote Terminal
Units via the data radio transceivers to two level voltages used in the
computer for digital data manipulation.

Switch Panel

This 1s basically a panel with switches on it to enable manual switching
of certain equipment within the €SS Building between CPU's.

Function of the Data Radio Communication Equipment

The each function of the Data Communication Equipment is described below.
Transceivers

These two way radio transceivers located at the €SS Building are used to
transmit digital signals from the Central Computer to the Remote Terminal

Units via the repeaters. They are also used to receive digital signals
from the RTU's via the repeaters. The digital signals which reach the

‘transceiver from the Central Computer are a train of two level discrete

frequencies.. The frequencies are 1200 cycles per second and 2200 cycles

" per second. The transceivers radio transmissiom through the air via the

antenna is modulated by the two-level frequency received from the
computer. . The level of radio transmission (carrier} is ultra high
frequency (UHF), being 418.025 million cycles per second. The level of
radio reception carrier is also UHF being 413.250 million cycles per
second.

Repeaters_
TRANSCEIVERS (Master II SC 55 PAL T78)

_ This repeater receives a train of digital signals on UHF radio waves
entering through the -antenna from the transceivers at the CSS Building.
The digital signals are then extracted from the UHF waves and transmitted
to the very high frequency (VHF} repeaters to modulate the VHF radio waves
and so transmit signals to the transceivers at the RTU. It also receive a
train of digital signals transmitted by the VHF repeater from the RTU's
which modulates its UHF carrier transmission through its anienna to the
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transceiver at the Central Computer.
TRANSCEIVERS (Master II SC 76 RAD 66A)

The repeater receives a train of digital signals transmitted by the
UHF repeater which are then used to modulate the VHF repeater transmission
{carrier) to the Remote Terminal Units (RTU's) via the antenna and air
medium. It also receives & train of digital signals on the VHF radio
waves entering through the antenna from the transceiver at the RTU. The
digital signals are then extracted from the carrier and transmitted to the
ultra high frequency (UHF) repeater, which will modulate UHF carrier and
g0 transmit signals to the transceivers at the Central Computer.

TRANSCEIVERS (Custom MVP 56 AAP 66A)

These two way radio transceivers located in the RTU's are used to
receive digital radic signals from the Central Computer via the repeater.
These signals enter the transceivers on VHF carrier via the antenna and
are transmitted Lo the microprocessor unit in the RTU. These transceivers
are also used to transmit digital signals from the microprocessor unit in
the RTU to the Central Computer via the repeater. The digital signals
which reach the transceiver from the Remote Terminal Unit's microprocessor
are a series of two level discrete frequencies. These frequencies are
1200 cycles per second and 2200 cycles per second. The transceivers radio
transmission through the air via the antenna is modulated by the two level
frequency received from the microprocessor unit of the RTU. The leével of
radio transmission (carrier) is very high frequency (VHF) being 153.950
million cycle per second. The level of radio reception through the
antenna is also VHF being 159.960 million cycles per second.

5. Function of the Remote Terminal Unit Component

The each function of the Remote Terminal Unit Component is described
below.

a) Remote Terminal Unit {RTU)

The Remote Terminal Units are microprocessor controlled ﬂnits which
perform the function of interpreter between the Central Computer and Field
Equipment or instruments. All communication transmitted from the RTU to
the Central Computer and all communication received by the RTU from the
Central Computer must pass through the Microprocessor Unit (MPU), and
Modem and Watchdog Timer Printed Circuit (PC) cards in the RTU. The
instruction and request from the Central Computer are decoded and
understood by these two modules in the RTU. The microprocessor unit then
sends signals via input/output printed circuit cards to the field
instruments and equipment. It also receives signals via the said
input/output PC Cards (Modules) from the field instruments and equipment.

M- 6



¢)

d)

e)

f)

g}

Modem and Watchdog Timer

A1l communication from the Central Computer to the RTU enter the RTU via
the modem and watchdog timer printed cirveuit card. Within this module the
train of two level discrete frequency digital data are converted to two
level discrete voltage levels of the type used by microprocessor. The
data transmission train received by the modem and watchdog timer card is
decoded to some extent and the information rcceived is transmitted to the
microprocessor unit.

Microprocessor Unit

The Microprocessor Unit (printed circuit card}) contains the main
intelligence of the Remote Terminal Unit. 1t contains computer programs
for scanning the field instruments and cquipment based on instructions or
request from the Central Computer.

AC/BC Power Supply

The RTU receives .its electrical power from Electric Utility Company which
supplies alternating current (AC) electricity. Computer equipment needs
direct current (DC) electrical power for data manipulation. As such an AC
to DC converter is needed to supply the required DC voltages and hence the
need and function of the AC/DC power converter.

DC/DC Power Converter -

The AC/DC power supply provides only a +12 volts referenced to ground
(zero volts). llowever, the components of the RTU utilizes several level
of DC voltapes. These voltages are +5 volts, -12 volts, +12 volts, +24
voits. As a result the DC to DC power converter is utilized to produce
the various levels of DC voltages. '

Batteries

The batteries are used to provide the 12 volts to the DC/DC power
converter when there is a loss.of Electric Utility Company electrical
power supply. These batteries are sized to power the RTU for only a
limited time. The time limit is based on a reasonable time for the
electrical power to be restored by the utility company.

Twg Status Input PC Card

This card is used for the MiCroproceSsor unit to receive signals from
field instrument or equipment indicating that they arc in one of two
possible status.

Relay Driver Output PC Card

This card is used for the microprocessor unit to send signals to field
instrument or equipment to drive them into one of two possible status,



i)

1)

a)

b)

Multiplexed Analog Input PC Card

This card is used for the microprocessor unit-to receive signals from
field instrument or equipment indicating that they arc in one of several
possible states or positions,

Analog Output PC Card

This card is used for the microprocessor unit to send signals to field
instrument or equipment to drive them into one of several possible states.

Data on C8S

The monitoring data at CSS building are described below.

Water Level : 34
Flow Rate : 25
Water Pressure : 17
Others Sl 14

{pump and valve status,etc.)'

The list of those data is shown in Table M-2.

Data Processing
Supervisory Control and Data Acquisition (SCADA) System
In general, a SCADA system is comprised of the following subsystems:

i) remote sensor data acquisition :

ii} data transmission channel to the central control site
iii) data input multiplexing at the central site

iv) data base control and usage

In addition a SCADA system requires off-line software utilities that
support on-line operaticn and creation of the data base in main memory and
on disk. In the Central Supervisory System remote sensing and data
transmission are provided by the Remote Terminal Unit which collect water
system data through transducers, pack the data into a data strecam using a
geonmetric coding scheme and transmit that data by radio link to the
central site, on-line PDP 11/34 computer. The system controis the input
of that data, incorporates the data into its data base in main memory and
on disk, and provides a man/machinc interface with which operators and
engineers can monitor the sensor environment, handle alarms as they arise,
and make correction and improvements to the system as required.

System Software
This supervisory system provides three basic functions: data vauisition,

alarm notification and generation of a historical data base. As data 1is
acquired, pre-defined checks are made for alarm conditions which will

.produce an alarm message and activate the alarm horn. All analog

information is saved on disk at 6-minutes intervals -and processed each day
at midnight to provide a complete history of the system on magnetic tape.
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c)

There are seven (7) subsystems which function independently using the
system data base. These are:

- Input/Output to RTU's
- Alarm Processing

- Process Control

- Historical Database

- Fail-over

- Message Facility

- Man/Machine Interface

The man/Machine Interface {MMI) tasks provide functions which can be
classed into four general categories.

- Display functions : gystem status and database display

- Modification functions : control of system through database changes
- Process Control functions: output to RTU's

- Operating system function: for privileged operator only

Fig. M-3 shows a diagram of the major executable program units, called
tasks, for on-line system. The major features are the glcbal common
database, the remote terminal unit I/0 processor, the man/machine
interface tasks and controller, the historical database tasks and point
alarm notification task.

The hardware, tasks and data base are interconneclted in such a way that
inter-task control information and inter-task data movement is minimized.
Only one task, PIOX, handles inpul and output for the RTU's.

Remote point data moves directly from remote input channels to the data
base in global common (a memory partition in the CPU) by way of the RTU
1/0 processor. PIOX in turn receives all requests for changes to the RTU
channels, and verifies the result of the command output.

All software tasks, including PIOX, must follow a global common access
protocol to use certain parts of the data base. The protocol allows
sharing of the data and of direct access files. Sharing is accomplished
through the employment of software lock devices. When data base access is
allowed, global parameters facilitate efficient conversion of input data
and movement inte fhe proper location in global common.

Global Common Blocks

A global common partition, PCSCOM, is defined in this system to occupy a
specific area in physical memory. PCSCOM is currently allocated 6K words
of memory of which all but 32 words are currently being used. All tasks
mnust set aside 8K words of their 32K words virtual address space in order
to access this global common partition. This means that the maximum task
size is 24K words.

Tasks CKPGCM and RSTGCM are used to save and restore an image of entire
global_common-p&rtition_in the file PCSCOM DAT. The Fortran block data
program PCSCOM is used to Initialize global common. PCSCO.TSK and
PCSCOM.STB (symbol table) which are produced by the PCSCOM task build must
be on DK2: under UIC = [1,101]. Any change to the structure of PCSCOM
will require that all tasks referencing PCSCOM be compiled (or assembled)
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d)

and task built with the new global commoen installed. This is accomplished
by using the command file PCSBUILD.CMP which will build all task in the

system. _ :
The followings are the summary of global common blocks.

AAACOM - size of global common

ALRCOM - alarm message file data

CRTCOM -~ CRT communication

DATCOM - PIODMP data buffer and flag
DDBCOM - digital device descriptor blocks
EUTCOM - engineering units table - all point information
FLGCOM - logical system flags

HSTCOM - system history information

IDXCOM - point indices for process tasks
PCVCOM - process control variables

RTUCOM - RTU attributes

SUMCOM - daily and yearly integrated values
SYSCOM - system configuration information
UNTCOM - definition of variable units
VPPCOM - virtual point Interpolation tables

Function of the Task
The followings are the functions of the major tasks in the system.
AAACONM (Global Common Partition Size)

This global common block is placed at the beginning of the partition
so that the tasks CKPGCM and PSTGCM can access an address for copying
global common into PCSCOM.DAT disk file. The contents of GCSIZE refer to
the number of 32 word blocks. The system generation of 2.July '79
produced a global common of 191 blocks (192 max for 6K word common
partition).

ALRCOM (Alarm Message Common)

The ALRCOM task write the alarm message in record AINDEX of the
direct access file ALARMS.DAT, then bumps AINDEX by one. If AINDEX is
greater than ALSIZE it is reset fo 1. ALS uses AINDEX to. determine where
to start checking ALMAPS for an -active alarm in reverse chronological
order. ALMAP is gzero if the alarm is not active and one if an active
alarm message.

DATCOM {RTU Input Data Buffer)

DATCOM consists of DATAIN, DATFIG tasks. DATAIN is used as an
intermediate buffer when the dump bit is set in RTUTS (RTUCOM). Whenever
this RTU is scanned the input bytes will be transferred to DATAIN if
DATFLG=0 and task PIODMP will be activated. When PIODMP finishes printing
the buffer DATFLG will be reset to zero indicating PIODMP is ready for
more data in DATAIN.
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DDBCOM (Digital Device Description Block)

A digital device (i.e. pump or valve) may have 2 or 3 digital inpuf
points used to describe the state of the device. In order to display the
state of this device on CRT a mapping must be made from the input points
to a device state name. If a digital input point is part of a device the
device name (DDNAME) is stored in EUCKHL (EUTCOM) of the point. In order
- to map from any point to the other points in a device DDPTNR is used.
DDMAP provides an index to the device state name given the states of the 3
digital input points associated with the device (e.g. pump on, off and
fail status inputs). DDSTAT is used to disable a device so that process
control tasks will not attempt to control the device.

IDXCOM (Point Indices for Process Tasks)

This array is used by the Caroni/Tumpuna control task PROCS3: so that
the point indices need be looked up only once. When PROCS3 1s first run
the task IDXSET is activated. IDXSET fills INDEX with 102 indices which
PROCS3 will use. The additional entries in INDEX1 are reserved for future
expansion of PROCS3 control functions.

HSTCOM (System History Information)

HSTCOM is divided into 3 parts which are used by SCANSV, HISTRY and
TAPESY tasks. HISTCOM is initialized by the utility task HSTINI which
fills the array SCHA with point indices for all analog points. Currently
the history system is limited to 125 analog values. The MMI task DCM can
be used to display all values in HSTCOM.

PCVCOM (Process Control Variables)

Three parameters are provided for up to 5 elementary process contrel
loops in the global common block PCVCOM. PCVMIN and PCVMAX are used as
minimum and maximum set point values and PCVDBD is used as an absolute
deadband value.

SUNCOM (Daily and Year to Date Integrated Values)

All analog points which must be integrated on a daily and yearly
basis have their names defined in the global common array INAMES.
Currently these points are all system flows (integrated to volume) and the
2 rainfaill measurcments. PROCS4 does the summing and places the
integrated values into PTSUMS. . The task HSTRY resets the daily and yearly
sums and moves the array PTSUMS into. the appropriate location in the daily
history file. The array INAMES is filled by the task HSTINI from the edit
file SUMNAME.TXT which contains a list of up to 508 character point name.

SYSCOM (System Configuration Common)
- SYSCOM allows the operator through the MMI task CON to change the
physical device assigned to a logical device, e.g., 1f the LA-18 printer

is down, the logical printer devices may be reassigned to port 5, which is
a LA-36 terminal.

M- 11



UNTCOM (Units Definition)

" The units code associated with each analog point can be modified by
the task CPA and stored in EUSTAT {(EUTCOM}.

VPPCOM (Virtual Point Inferpolation Tables)

The common block VPPCOM allows up te 5 table to be defined with a
maximum of 20 pairs of points to be used for calculating virtual polnts
using empirical data. The task CVP allows the operator to add, delete or
modify these fables. The subroutine LGINTR contained in PROCS4.FTN is
used to perform quadratic interpolation using these tables. The utility
task VPPCRE will create these tables from the source file TABLES.TXT.

FOV (CPU Failure Detection Task)

This task sends a pulse to the DRI1 watchdog timer bit every 5
seconds. If FOV fails to send this pulse he CPU fail -1ight and CPU fail
alarm will be activated. 1In general, FOV only indicates that the on-line
CPU is still exccuting the task FOV, FOV will dctect a fallure of the RTU
communication task, PIOX. PIOX sets a flag (RTUFLG(2)) every second in
its mark time AST service routine. FOV checks if the flag is set and then
clears the flag. If it is not set FOV will turn on the alarm horn and log
the message "PIOX STALLED". FOV also checks the status of the two switch
panel power supply bits in the DR-11 status register. If either bit is
off, a message is logeged and the system alarm horn is enabled.

PIOX (RTU Interface Task)

PI0X is a memory resident task written in assembly. language which
handies all communications with the remote terminal units. PIOX is
divided into an input section and an output section which share common
subroutines for message formatting.

ALARM (Alarm Notification Program)

ALARM is activated when ALRCON finds either an alarm condition or no
alarm and the message printed bit set an any input point. ALARM then
scans all valid points to determine which points have an alarm flag set.
Jf a flag is set and the message printed bit is not set, a message is
formatted and entered into the ALARMS.DAT file and printed on the alarm
logeging device. If the alarm flag is not set but the message printed bit
is on an "out of alarm" message is printed on the alarm device and the
message printed bit is cleared. All other conditions are ignored. After
checking all points, if any alarm condition has been detected the alarm
horn is turned on by sending a message to the DR11 1/0 task. If no alarm
have been detected the alarm horn is turned off through the DRi11 I/0 task.

ALRCON {Alarm Activation Task)

ALRCON is a small memory resident task which checks all points in
EUTCOM every 5 second. ALRCON will activate the ALARM fask under the
following conditions. ‘

- The alarm bit is set and the message printed bit is clear in EUSTAT
for any point. ALARM will then print a polnt in alarm state message.
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= The alarm bit is not sct and the message printed bit is set. ALARM
will print the point out of dldrm message and clear the message
printed bit.

Any task which changes the condition under which an alarm is detected
must make the initial alarm checks itself and set the alarm bit if
required.

CRTCON (Man/Machine Interface Control Task)

This task controls the man/machine interface (MMI)}, i.e. the
interface between the system operator at the CRT and the tasks which allow
the operator to interact with the systen.

The services which are provided by CRTCON are:

- Add/remove a CRT from the system

- Pass a character and or function key input to the active task

- Activate tasks as requested by function index task or function keys

- Provide means of exiting from a running task and activating a
' successor task

- Provide screen freeze enable/disable control for copy page function

- Provide clock enable/disable control

A1l input from the CRT to MMI tasks must pass through CRTCON. This
is accomplished by using the logical function GETINP which will place the
input into a line buffer for the aftached CRT. MMI tasks are attached to
a given CRT by including the block of code "GETCRT.TXT" at the beginning
of the program. All output to the CRT may be done with the usual write
statements and formats. CRTCON traps all incoming data from the CRT by
using an AST service routine.

HISTRY (Calculate and Save Daily System History)

- HISTRY runs at midnight each -day to compress the previous 24 hours of
scan data saved in the file SCANSAVE.DAT. HISTRY calculate for each
analog variables the following parameters.

- minimum value

- time of minimum value

- maximum value

- time of maximum value

- daily average

- 24 hourly average _

- integrated daily value {selected points)
- integrated yearly value (selected points)

The name of points which are integrated on a daily and yearly basis
are in the global common SUMCOM in the array INAMES. After writing the
‘daily history file HISTRY DAT, HISTRY zeros all daily sums, saved the
current rainfall pulse count in EUCKLD (EUTCOM) and zeros the yearly sums
of the date is January 1.

M- 13
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MESSAG (Message Format and Qutput Task)

All system message are logged on the logging device by the task
MESSAG. A task requests a message to be logged by issuing a send data
directive and then an activation request to MESSAG. The send data buffer
contains the message number, the number of parameters and up to 12 words
of parameter data. MESSAG reads the message template from the disk filc
MESSAG,DAT. and fills in the blanks with the parameter from the send data
directive. The message Is then printed on the logging device along with
the system date and time, the message number, the operator name (if an MMI
task) and the name of requesting task. '

CRT Display

The operator can. monitor the data of various kind by CRT displéy at CS8S
building. The 1list of CRT dispiay is shown in Table M-3.

Remote Manual Control of Pump and Valve

The six (6) storagellift pumps and two (2) river discharge valves at

Tﬁmpuna Pumping ‘Station are controlled at Caroni Water Treatment PLant by
start/stop pushbuttons and open/close pushbuttons through €SS (Caroni Water
"Treatment Plant/Tumpuna Pumping Station Pump and Valve Comntrol).

M- 14



STATION

Picton

Mallick

EL Socorro

San Fernando

Mt .Hope

Caroni

Tumpuna

California.

Pable M-1 List of Field Insiruments

DATA KAME

Picton I Level
Picton IT Level
Picton III Level

Reservoir Level
Clearwell Level 1

1" 2 )
Picton II Out Pressure

Picton III Out Pressure

Picton 11 Out Flow
Picton III Out Flow
Caroni WTP In Flow
Clearweli Flow

 Wellfield Flow

Spill over Flow

San F'do Res. Level
Marryat Res. Level
Naparima Res. Level
Chacon Res. Level
Caroni WIP In pres.
Pump 8T Out Pressure
Caroni WTP In Flow
Navet Line In Flow
Navet Line Out Flow
Pump Status 1 2 3

Reservoir Level
River. Level

Clearwell level
North Pipeline Pres.

‘South Pipeline Pres.

North Pipeline Flow
South Pipeline Flow

Arena Res. Level
Channel Level
Tumpuna Weir Level
Flow to Reservoir

" Flow to River

Pump Status 1 - 6
River Discharge Valve

‘Weir AC Fail
PS AC Fail

Reservoir Level

M- 15

FIELD INSTRUMENT

L/T - F/P D/P Cell

" ™ L

1" " tt "

L/T - R/S 160-Bl

P/D - F/P 50 DP 2000

" "o "

P/T - F/P 50 EP 1000

tr " "

S/R - R/M 1151 b/

n "

P/ - F/P 50 EP 1000C

1" 111 " "

S/R. -~ F/P 50 ES 3000

L1 ¥

L/T - R/S 160-B1
L/T - ¥/P /P

P/T " ”

L/T - F/P

F/P

F/P Positioh Indicator
Relay Contact

L/T - R/S 160 Bl



STATION

Valsayn

Knaggs Hill

Loango/
Naranjo

Acono

Caura

Arima

Aripo
N.Oropuche
Flow Control

Pepper Hill

Note;

L/T :
B/T :
S/R :
P/D :
R/8S :
F/P :
R/M
S/T :
D/B :

Table M-1 (cont'd)y

DATA NAME

Clearwell Level
Mt Hope Out Pressure
Caroni WIP In Pres.

St Augustine Out Pres.

Caroni WIP 1In Flow

81 Augustine Out Flow

Wellfield Flow

North Res. Level
South Res lLevel

Treated Water Pres.
Treated Water Fliow

Raw Water Level
Treated Water Pres.
Treated Water TFlow

Clearwell Level

Raw Water Sump Level
Treated Water Pres.
Treated Water Flow

Reservoir Level

Raw Water Pump Level
Treated Water Flow

Reservoir 1 Level
Reservoir 2 Level
Raw Water Flow

Pipeline Pressure
Pipeline Flow

Reservoir Level
Radio Room Temp.

Level Transmitter

Robertshow
Fisher & Porter
Rosemount
Sybron Taylor
Drexblook

M- 16

Pressure Transmitter
Square Root Extractor
Pressure Difference Transmitter

FIELD INSTRUMENT
L/T - R/S 160 B1
P/T - F/P 50 EP 1000
S/R - R/M 1151 D/P
L/T - S/T 1333 TF
P/D - S/T 1338 TF
S/R - S/T 1386 NA
L/T - Eurcguage 3664-50
P/T - S/T 1333 TF
S/R - S/T 1336 NA
L/T - D/B 506-6000
P/T - F/P 50 DP 2000
S/R - F/P 50 ES 3000
L/T - L/S 160 Bl
L/T - Euroguage 3664-50
S/R ~ S/T 1336 NA
L/T - F/P

F/P
P/T - F/P

F/P
L/T - R/M 1151 b/P

R/M 444



10.

i1.

12.

13.
. Reservoir

14.

15.

Table M-2

LOCATION

Picton Reéervoir
Morvant Reservoir
Mallick Reservoir

E1l Socorro WTP/BPS

San Fernando BPS

Mt Hope Reservoir
St Joseph Reservoir
Tunapuna BPS

Caroni WTP

Tumpuna PS

California

Reservolr

Valsayn WIP/BPS

Knaggs Hill

Loango/Naranjo WTP

‘Acono WTP

List of Data Obtained By (5SS

DATA OBTAINED

Picton I Level/Picton 11 level/ Picton II1I Level
Reservotir Leﬁel

Reservolr Level

Clearwell Level 1/Clearwell Level 2

Picton II Out Pressure/Picton III out Pressure
Caroni WIP In Pressure/Picton II OQut Flow
Picton III Qut Flow/Caroni WIP In Flow
Clearwell Flow/Wellfiecld Flow/Spiliover Flow

San Fernando Reservoir Level

Marryat Reservoir Level/Naparima Reservoir Level
Chacon Reservoir Level/Caroni WTP In Pressure
Navet Line In Flow/Navet Line Qut Flow

Pump 1 Status/Pump 2 Status/Pump 3 Status

Reservoir Level
Reservoir Level
Inlet Pressure/Outlet Pressure/Qutlet Flow

River Level/Clearwell Level

North Pipeline Pressure

South Pipeline Pressuore

North Pipeline Flow/South Pipeline Flow

Arena Reservoir Level/Channel Level

Tumpuna Weir Level/Flow to Reservoir

Pump Status 1 - &/River Discharge Valve 1,2
Yeir AC Fail/PS AC Fail

- Reservoir Level

Clearwell Level/Mt Hope Out pressure

Caroni WTP In Pressure

8t Augustine Out Pressure/Caroni WTP In Flow
St Augustine Out Flow/Wellfield Flow

North Reservoir Level/South Reservoir Level

Treated Wﬁter Pfeséure/Treated ¥ater Flow

Raw Water Level/Treated Water Pressure
Treated Water Flow :
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16.

17.

i8.

19.

20.

21.

22,

LOCATION

Valley View
Reservolr

Caura WIP

Arima Reservoir

Aripo WIP

North Oropuche WIP

Flow Control
Station

Pepper Hill
Reservoir

Table M-2 (cont'd}

DATA OBTAINED

Reservoir Level

Clearwell Level/Raw Water Sump Level -
Treated Water Pressure/Treated Water Flow

Reservoir Level/Fort Read Reservoir Level
Raw Water Sump Level/Treated Water Flow
River Level/Reservoir 1 Level

Reservoir 2 Level

Pipeline Pressure/Pipeline Flow

Reservoir Level/Radio Room Temperature

Note; WTP : Water Treatment Plant
- BPS : Booster Pump Station
PS : Pump Station
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Table M~3 List of CRT Display

function index

alarm summary

digital ocutput and analog ocutput

change configuration example

configuration display

change points attributes, analog point description
analog points units _

analog points limits and 1/0 specification

" analog point range

. add new analog point

. delete point, modify analog output point
. modify digital output point

. change trending defaults

. change point value, analog input and output point
. change value of digital input and cutput point
. change virtual point intcrpolation table
. display global common EUTCOM

. display global common HISTCOM and CRTCOM
. display global common IDXCOM

. display global common RTUCOM

. digital device commands .

. digital device, modify points

. digital device, modify state names

. digital device modification

. display integrated values

. display integrated values, modify Iintegrated value
. display group log

. display point name

. display RTU status, scan hold

. display RTU status, scan enabled

. display point values, analog and digital
. event flag service .
. execute a task -

. log message on logging device

. print point log _

. operator password service

. RTU specification modify

. trend analog point wvalue on CRT

. CRT trend, one variable

. CRT trend with two variables

. trend hourly average over 10 days on CRT
. CRT trend of hourly average

. trend output to 'line printer

. picture ‘display index

. 'E1 Socorre - Picton System

. Valsayn System

. -Caroni - Mallick System

. North Oropuche System

. Caroni - Arena System

. Caroni WTP - San Fernando System

. San Fernando - Marryat System

. Maracas Valley - St Joseph System

M- 19



53.
54. A
. Hollis System
56.
57.
58,
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

Table M-3 (cont'd)

Caura - St Augustine Systenm
Aripo - Arima System

Navet System

display legend

system block diagram

North Caroni System Status
South Caroni System Status
Caroni/Tumpuna System Status
North Range Valley Project
reservoir status display
RTU #11 input point display
Tumpuna PS8 detail

character color combination
map of Trinidad

test picture

system parameters
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CENTRAL PROCESSOR UNIT
AND.

PERIPHERALS

DATA RADIO COMMUNICATION LINK

REMOTE TERMINAL UNIT

( RTU )

FIELD - INSTRUMENTS AND EQUIPMENT

Fig. M-1 BLOCK DIAGRAM OF CENTRAL SUPERVISORY SYSTEM HARDWARE
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TRANSCEIVER AT CENTRAL
COMPUTER MASTER IIVC

UHF
(413.250 MHZ)
Radio Wave

55 RAD 77B
fif Antenna
——— éz’ UHF
. . (418.025 MHZ)
fp Radio Wave
i

UHF REPEATER
MASTER II SC 55 RAL 77B

Modulating
Signal

- VHF REPEATER
MASTER II SC 76 RAD 66A

VHF .
(153.950 MHZ)
Radio Wave

-2

Antenna

Modulating
Signals

Antenna

VHF

(159.960 MHZ)
Radio Wave

E

TRANSCEIVER AT RTU'S
CUSTOMER MVP CT 56 AAP 66A

Fig. M-2 DATA RADIO SIGNAL MODULATION
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rov ‘ »  BACKUP
PDP-11/34
GLOBAL FATLOVER COMPUTER
COMMON TASK 1 S
A
ARACOM
PIOX o[  RTUS
PLRCOM "| PrOCESS RTU L DATA
ACQUIS N
© CRTCOM 1/0 ¥ QUISITIO
DATCOM
Y - :
| ALARM
DDBCOM * HoRN ::]
_ ALARM
EUTCOM | ALRCOM »] ALARM
. " ALARMS N LNHE?G
FLGCOM CHECKING M
HSTCOM
b
IDXCOM _ :
MESSAG ALARM
PCVCOM PRINT " PRINTING
MESSAGES]| . LOG
RTUCOM CRTCOM
CRT Y
SUMCOM »  OPERATOR
COMMUNICATION
SYSCOM CONTROL -~ EY
UNTCOM
-
VPPCONM . .y
MM “ ' _
»| MAN/MACHINE PICTURE
) INTERFACE i FILES
(MAIN TASKS : :
MEMORY
DATA
BASE) DIRECT
_ ACCESS
HISTRY _ DATA BASE]
SCANSV . HISTORY
N T HISTORY | 1 DISK FILES
LOGGING
HISTORY
MAG TAPE
Fig. N-3 SUPERVISORY SYSTEM BLOCK DIAGRAM
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N-1.2
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N-1.4
N-1.5

N-1.6

N-1.7
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N-2.1

N-2.2
N-2.3

N-2.4
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NT PERIPHRALS),

EXISTINGS (REPLACE

PROPELLAR TYPE.

]
b

P

o

PRIMARY SENSOR,

7

INSTRUMENT; INSTRUMENTATION,
PRIMARY

FOREIGN CLRRENCY,
LOCAL CURRENCY,

£

L/

VENTURI TUBE,

PARSHALL FLUME,

'
i

FF
¥V

ORIFICE PLATE,

ANNUBAR,

)

AN

Q

Table ¥-1.5 COST ESTIMATE OF MONITORING AND GONTROL EQUIPMENT TG BE INSTALLED FOR CENTRAL SUPERVISORY SYSTEM (PHASE II) - (i)
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; INSTALLATICN OF CONTRQL E NO.; NUMBER,
; EXISTINGS (REPLACEMENT PERIPHRALS),

rur
*
nyr

LOCAL CURRERCY,

I

F/C; FOREIGN CURRENGY,

L/C

CIRCUIT,
REMOTE CONTROL,

CIR'T
R-CNT

)

BUTTERFLY VALVE,
CONTROL

'
L

BU
CNT

ALTITUDE VALVE,
CONE VALVE,

AV,
Tv;

Table X-1.5 CGST ESTIMATE OF MONITORING AND CONTROL EQUIPMENT TC BE INSTALLED FOR CENTRAL SUPERVISORY SYSTEM (PHASE YT} - (2)
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Table R-1.5 COST ESTIMATE OF MONITORING AND CONTROL EQUIPMENT TO BE INSTALLED FOR CENTRAL SUPERVISORY SYSTEM (PHASE I1) - (3)
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Table N-1.7 GOST ESTIMATE OF HONITORING EQUIPMENT TO BE INSTALLED FOR LOCAL SUPERVISORY SYSTEM (PHASE Ii)
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Table N—-2. 2

LIST OF CONSTRUCTION MACHINE RATES AND LABOUR.COST

SOURCE: FUJIKO CARIBBEAN LTD.

I'TEX

L)ESCRIPTIOIJ UHIT FRICE

ITEM

uEscnurrmrJ WNT | pRIcE

B 1 B R

Holg | 10- &

CORCRETE WIXER TAUCK

01l JACK (PIBE DRIVINGY 1T

HOUR

100 - 80

_ 250 - 180

Table N-2. 3

NAME OF MATERIAL

FIXED CASH PRICE (1T $)

LIST OF CONSTRUCTION MATERIALS COST

SOURCE: FUJIKO CARIBBEAN LTD.

5% OFF CASH PRICE (TT 8)

__10% OFF CASl PRICE (TT §}

HINTHIE 1 CY - 25 ©Y

ABVANGE 30 CY - 99 CY

ADYANCE 100 CY - 9588 CY

BASIC VAT ANMGURT

BASIC VAT AMOUNT

BASIC VAT AMOUNT

STONE DUST FINE o [

FINE FILL 1
QUARRY RUN 80 - ¢ by load

d0.00

48,00

NOTE:

. The above prices are valid from January 1, 1980 to March 31, 1980,

. A 5% discount will be granted, if over 30 cy/Loads of material is purchased on a Cash basis.
., A 10% discount wili be granted, if over 100 cy/Loads of material is purchased on a Cash basis.

. For any Credit granted there will be a 1.5% finance charge per month on all pasf due accounts.

. 1 CY = 0.7645 M3

1
2
3
4 If over 1,000 cy/loads of material is required prices are negotiable.
5
[

N -
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