
Caroni water treatment plant with a 273 000 m3/d (60 imgd) 
: :capacity,/ :double is the largest treatment plant in Trinidad's program toits potable and industrial water supplies, and ItIsthe first 

landmark visitors see when entering Trinidad at Piarco 
International Airport 
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An ongoing staff training program and a comprehensive
maintenance management system are evolving as a result
of recently constructed water treatment plants on the 
island of Trinidad. With approximately 130 trained 
technical staff needed to operate the treatment systems, 
an accelerated four-phase training program was initiated,
Local water system engineer and superintendent trainees 
were sent to the United States for specialized classes and 
plant tours; a full-time operator trainer was employed;
and, with guidance from outside consultants, operators
and maintenance technicians are being trained In 
specializations by equipment manufacturers and suppliers, 

* 

The Water and Sewerage Authority (WASA) was 
established in September 1965 atnd charged with re-
sponsibility for the development of water resources in 
Trinidad and Tobago; the conservation and proper use 
of water supplies; and the collection, treatment, and 
disposal of wastewater. Water needs for the 11 million 
people> of the two islands were estimated in 1970 to be 
305 000 mI'/d (67 irngd), about 32 000 m'!cl (7 imgd) in 
excess of the supply. These needs for a potable and 
inclustrial-use water supply have been projected to 

reach 523 000 mli (115 imgld) by 1985. Available 
groundwater reserves were recogmized as inadeluate to 
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meet rapidly increasing demands, and the government

turned to developing surface water resources.
 

A plan for water supply development was adopted,

based on a comprehensive study of the available
 
se on acpeensve s o te a 

sources and anticipated demands, A system was
 
needed to supply the entire island of Trinidad and to
 
rplace truckborne potable supplies to the less-popu­
lated, rural areas and to fringes of the existing systems.
The objective was to link these areas in an integrated 
system that would also supply the industrial develop­
ment resulting from the government's push for econom­
ic diversification. This water supply program has been 
a major undertaking for WASA, not only in construct
ing facilities but also il recruiting and training person­
nel to supervise, operate, and maintain the sophisti­
cated system required. 

Scope of project 
During the early 1970s the government of Trinidad 

and Tobago contracted* to expand the existing NaVet 
scheme in the south-central part of Trinidad and later 
to design, provide construction supervision, and train + 
operating personnel for six new water treatment plalts
In July 1971 a contract was let foroepansion of thle 
Navet systcm into the 55 000-m'/ld (12-imgcl) treat 0en 
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p lntthat was to supply 50 percent more water. A subject to varying degrees of contamination by silt and 

Lontraict for the design of the Carorri-Arena water organic material during flash runoff and by some 
contract for the Northern Range valleys and North A larger plant ofg91000 m'/d (20 imgd) is supplied
Oropuche systems was awarded in late 1976. from the North Oropuche River in the northeasterly

The largest plant taps impounded storage released to sector of the islanrd, which is ap~proxina tely 105 km (65
the Caroni River for 273 000 miVd (60 imgd). W~ater from in) long by 72 km (45 mi) wide. Water from the North
this iver, the largest in TFriidctad, carries high organiiic Orolpuchie is relativelh, unrcon tarn inahted except by naht­

'3oatinos and silt from runoff and aggregate ininng ratlsilt and orga nic debris. Thris plant was constructed 
pera tions upstreani; it is Iso con tamia ted by waste- in tlwo phases: the first, to produce 91 060 ni'/d (20

waters from agricultural prsu its, incl ustria I uses, anrd inrr.d) from natural stream tlow ard the: second, to
*hirmani ha bita tion within the watershed As a resu]l, the inrcrease ptanuL output to 273 000 m'/dl (60 imgd). The 
* reat ient processes are more sophisticated tia n those adlditlioral water is suipplied from an in pun idfin,: stor­

for the other sources and require a high clegree of age darnm and reservoir, schedled,€ for c;Oiistr'nctionl 
operator skill a rd judgsment as well as a high level of wit hin the next decade. 
preventive mainhtea nce. Tlheyage complex; a raw water include a prim pet stor- In late 1978 coiistru ction had Ipr'oceel el to thre po inlinake; meterig, cheica that startup operations were able to cormnince in themixing, artid sterilization; setimentatio arnid loccula- summer of 1979. In recogiitioi of the greatly expasoed
tion; prectairal sludge removal; filtration with GAG; need for skilled supervisory staff, the WASA developedposttr'atent cord itio ng, arnd treated-water l iNo- aadgimplemented a t'a i niglrogra for personnel for
ing. In addsition, the Caror i water treatieit thesenew StRafirg plans werellant pa nr. itvehorted for all 

Sincludes two se(:ondtary processes: soclin i hypochlto- personinel levels, iriluriing sri pervising engineers,Srite generation and carbon regeneration. superinterfeits, ptali operators (Levels 1, 2, a 3,(nt four small plants have been coristrricd in he lora tory staff,rmaivnhe ace tcl icia s, a d labor-INorthern Panige 'valleys ('fable 1). rhese plians are eras.
 
tsupplied fromi smia l strurea itsoriginatinrg in ushe
readive­

ly tihabited areas of the Northern Ranse that ar e .l.,,vti ..... to 273 0('vr,. 
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Figure 2. In-house operator training 

TABLE 1 
Projected plants in the Northern Range valleys 

Plant Size 
Location m'ld 1mgd" 

Acnno 2250 0.5
Loango-Naranjn 4500 1.0 
Aripo 11400 2.5 
Caura 11400 2.5 

'Million Imperialigallons per day 

A central supervisory system (CSS) was constructed 
to monitor the Caroni-Arena water supply system, the 
stats of certain featuics of the five smaller treatment 
plants, and many of the existing water supply and 
distribution facilities. This system will also facilitate 
operations and maintenance dispatching. 

In addi to its primary purpose of expediting and 
optimizing system operation, the CSS has developed 
historical data acquisition and processing that will 
permit both long-rang and short-range plainning. The 
majr,componenls of lhe syste~m includea voiceC1om-
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Engineer manager 
3l:e
 
2 

Plant superintend2 
2
 

Plant operator 
2 

Electrical engineer 
3 

Electrical superintendent
ElcralthninElectrical technician
 
Electrical foreman 2
 
Mechanical equipment supervisor 2
 

Mechanical equipment mechanic
 
Process control equipment engineer 2
 
Digital electronics engineer 
 2 

communications superintendent
control technician 

Digital electronics technician
 
.tdlo communications technician
 

Chemist 
 3
 
Systems analyst
 
Scientific assistant .
 2 

TABLE 3 
Training provided by manufacturer or supplier 

Staff Member
 
Receiving 
 Type of
 
Training Manufacturer or Supplier Training
 

Systems engineer Digital Equipment programming and operating pro-

Corp. .. . cedures for computers and pe. 

. 
ripherals; diagnosis 3f problemsSystems Controls, Inc. operations, progri ming; and dl. 
agnfosls oi hardware fnd soft­
ware problems ..
 

Digital electronics Topax, Inc. 
 operation and maintenance of un­
engineer 
 interruptahle supply 

Vadic, Inc. operationmodemsand maintenance of 

Fisher & Porter Co. fundamentals of digital logic, pro­

c a ontrol, and industrial 
electronics 

Digital Equipment introduction to ninicomputers, di. 
Corp. gital computer logic, and PD1-

Modicon, Inc. programming nttdmaintenance of
programmable controllers 

Process control Fisher & Porter Co. fundamentals of process'lnltru­equipnment mentation, electronic Instru.engineer ment maintenance, pneumatic 

and mechanical Instrument 
mulinteanee, and flow inca- . 

surement

Process control finch Chemical Co. repair and calibration of turbidl­

equipment 
 metersengineer Mniollex Corp. operation, maintenance, and call. 
bration of density meters 

Wallace & Tternan, Inc. operfiston, maintenante, and cali. 
bration of chlorination equip. 

munication system, primary elements (sensors for lev­
els, flows, pipeline pressures, equipment status, turbid" 
ity, pH, and Cl, residual alarms), a data radio systemit 
and a central computer. 

Overall training requirements 
The design features of the smaller plants are similar

to existing surfaco: water treatment plantsin rinidad. 
However, the Caioni plant, besides being by far thae 
largest treatment facility in the country, also corpO 
rates hypnchlorile genert..n and carbonn "geneiat;iof 
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 The plant control panel provides the plant operator with the statusand critical control of the raw water pump station, the sedimentation 
2 and filtration processes, the finished water pumps, and the waterdistribution system. The operator Isadjusting the speed of one of the

large finished water pumps to match system demand. 
TABLE 4 

Stuay tours in the United States 

Length ofTraining Period 
Category 0€Stalff Type of Training 	 days 

ngpro. i Engineer 2 tutorialassistance at Oregon State Univ.and pe. * Corvallis, Ore.. In carbon adsorption,

problems - - stabilization softening, process control.
and dl. water quality testing, troubleshooting

d soft-. 
 development of performance-oriented 2operator training programs at Linn-Den. 

ice of us- ton Community College, Albany, Ore.
visits to water treatment plants at Hills- 10
co of born, Estacads. Lake Oswego, Dailas,
andEugene. Ore, and atIDenver andAu.-riigdlvr 
O.
and pE.enea.andatenvthe

s)gic.pro.trial 	 rore.Coin.ifvisit to C12M Hill'scorporate offices. I 
Corvallis, Ore!uters, dl- attendance at preventive maintenance 2d PDP. workshop 

visit to Byron lackson Pump Co.nance of Superintendent 3 	 2visits to water treatment plants at Denver, 34
irs Aurora, Breckenridge, and Dillon, Coio.; 
instru- Corvallis, Lake Oswego, Dallas, Spring.
istru field, *andEugune, Ore.; Contra Costa.umatic 	 Sacramento. Truckee (,astewater plant),
ient and South Lake Tahoe (wastewater
mes plant). Calif.; Lower Potomac, Va.
(wastewater plant); and Philadelphia, 
turbid[. 	 Pa. 

visit
to AWWA headquarters. Denver, I 

d call. Colo.
r 
 visit toCH2N2Hill's corporate offices. 


Id call- Corvallis, Ore.

equip- visit to a sodlm hypochlorlie generation I


facility at Diamond Shamrock, Chardon.
~Ohio 
Oworking 

-- ----	 J 

r lev- systems, the operation of which is completely new to
irbid- WASA personnel. Most of tie features of the CSS and 
.sten, 	 its maintenance are also new to the existing staff. Thus,
an e>tensive recruitment and training program was 


necessary. The staff training scheme, depicted in Figure 

Iconsists of training through ain overseas training

imilar program (specialized training and instruction in the 
idad United States), an operator trainer (a full-time

ir the employee in Trinidad), consultants (part-tile staff ill
:Orpo" Trinidal), and ma1n facturers or sutppliers (part-i me 
aitjon - staff in Trinidad). 
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Approxiahtely130 trained techiicalstaff, including 
70 plant operators, are required to operate the supply

systems. A breakdown of the typ6s of technical person­
nel needing training is shown in Table'2.' 

Overseas training
 
Manufacturers' 
 courses. In several cases, contracts
 

that specialized types of training would be
 
furnished as a r-rt of the 
work of the 6ontractor or
 
supplier. This was particularly tiue in the case of
 
training required for CSS personnel. Selected person­

were sent to the United States for specializedby the manufacturers of the equipment. Table
 
3 summarizes this type of training.
 

Study tours. Where specialized courses were not
 
or appropriate, study tours were arranged for 

personnel. These included visits to treatment 
plants or factories; training sessions at academic insti­
tutions; and attendance at seminars, workshops, or
 
conferences. Table 4 summarizes this type of training.
 
Operator trainer 

A full-time operator trainer with 30 years of experi­
ence provided continuous monitoring of, and assis­
tance with, all training efforts. His involvement with all
 
asliects of preparing the operational'staff for their new
 
positions is covered in the following paper, "TraineeInvolvement in the Training Process.',
 

s "u 


Ca
 

Special consulants periodically assisted with the
training program, particularly in developing the opera­
tional 
 training delivery system and the maintenahce 
mana'gement system. 

Training delivery system.J. H. Austin,vice president of
ytm .H utn iepeieto
MAXIMA Corporation, was employed by the pro..


ject consultant. Along with the authors, Austin pro,'{
 
vicled direction for the operational training programthat emerged. Resident and US-based consultants and
 
technical specialists worked closely .with WASA's
training officer and staff to assess the levels of staff 
competency and specialized training required. Theconsultants were then able to provide expertise directly
 

e
applicable to the project during their visits and at
 
preselected times during the training period. Continuity
was provided by the resident' training staft"Major

wt 	 .


elements in 'he development of the training cieliverysystem are shown in Figure 2.
 
si 

Maintenance management system. Consultaits are 
with WASA in the initial stages of a compre­

hensive plan to upgrade tile utility's maintenance pro­
cedures, which will be coordinated with the training 
program for plant operators and maintenance staff. Theresult will be an overall maintenance management
system and an ongoing training program for all levels of 
WASA maintenance personnel.

The first phase of the plant maintenance program 
was development of a preventive maintenance system 
for use at tile Northiernl Range v'alleys, North ~Oropuche,
Caroni-Arena, and CSS facilities. This initial phase 
covers equipment only. Under this concept, tile pro­
gram will later be expanded to inclule mi)ntenance of 
buildings and grounds; then, progressively, it will be 
applied at all WASA's exisling facilities. 
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TABLE5 
Manufacturer or supplhr ov siie training for operators 

_________, 

Manufacturer 

rSupplier
Fivirex, Inc. 

r .

Vibra" (ow, Inc. 

Diamond Shamrock, lic. 
Worthington Pump, Inc.Hoffman Air,.Inc. 

Miscellaneous suppliers 


Cleaver B,rooksOnan 

Mud Cat 

Fisher & Porter Co,

Industrial Marine, Inc. 


Patterson Candy, Inc. 

-

Equipment
traveling band screenstraveling bridge sludge collectors 

cross-screw sludge colector 
raw water pump 
lime systemsodium hypochlorite generation system 
backwash pumpsair blowers and filter silencers 
carbon regeneration system 
pump stations 
boiler treatment equipment
diesel generator 
sludge dredge
Instrumentation and control system
rapid mixer 
backwash pump
air blowers and silencers 
coagulation control centerchemical feeders
diesel generator 
hoisting and wveighing equipmentfrs
Instrumentation and control system 
package watcr treatment plants 

The goal of the preventive maintenance system is to 
extend the useful life of equipmentand plant facilities, 
to reduce overall maintenance costs and service inter-

* 	 ruptions, and to minimize'breakdowns and shutdowns 
that threaten the quality of the water supply.

A manual card-file' system-was proposed initially for 
rec6rd-keeping aid for acquainting plant operating 
personnel with the' system. The Aripo plant wasselected as a pilot installation site, and the system was 
installed 'at the other fif atment plants as they were 

system and ti-e reports to be generated will be tailored 
to WASA's reeds as this system is used during initial 
plant operation. The numbering system is composed of 
two parts: the identification numbering system and the
equipment component list. The first part identifies the

by tree-igitstartupsite by a three-digit code, the location or structure 
containing the piece of equipment, and the specific
pieces of equipment. The second part identifies the 
components (e.g., the motor for a raw water pump ad 
the referenced pum p). Each facility uses the sam e 
system to identify all items requiring preventive main-
tenance. 

The manual card system can be readily adapted for 
computerization when the preventive maintenance sys­
tern is fully operational and when the savings to be 

erealized in record-keeping justify this conversion. 
Microfiche will be considered for future use to reduce 

*the volum'e c' operations and maintenance manuals, 
job aids, and niaster files on manufacturers. 

Plant operating and maintenance staff are expected 
to be responsible for all routine preventive mainte­
nance tasks and corrdctive maintenance within their 
skill levels. Job descriptions and job aids are being 
developed to define responsibilities and to ensure that 
maeintnance tasks are properly execuited. The staff 
triaining program has been extended to include nlainte-
niane tr.aining. 
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In 	several cases contracts with contractors or sup.­
pliers required on-site startup and operational assis­
tance for a period of time. This requirement was 
designed to give operational staff time to become 
familiar with the equipment and its operation andmaintenance features under the guidance of the manu­
facturer's representative. Table 5 indicates activities inthis area of training and lits the manufacturers and 
suppliers providing this service. W henever possible, 
trainees were given hands-on experience as the equip­
ment was placed in service and adjustments made.chu 
Training schedule 

Development of manpower information, preliminarywork on the training delivery System, and planning forsttsd foohrtf wowuda
stateside training for the staff who would operate the 
CSS began in the last quarter of 1978 under the 
direction of J. H. Austin. Training activities during th,

ut'P cniedoafirst quarterof 1979 consisted primarily of a series of 
workshops for WASA staff on performance problem. 
solving, basic instructional design, and preparation and 
use of job aids. 

When the supervisor-operator trainer arrived in 
Trinidad to assume his duties in late March 1979, 
screening and selection of trainees began. Orientationof training staff continued through the second quarter.
A nucleus of WASA staff members, including potential 
plant superintendents, was formed to assist in the 
training'prograni. - . . " 

Classwork began for the first group of 20 trainees on 
Jul, 9, 1979. Four basic groups of trainees went through 
the program diring the n'ext eleven mohths. They took 
charge of the four Northern Range valleys plants assoon as these facilities were operational, and they are 
now operating the North Oropuche system, Phase 1, asplanned. The results of the training program have been 
demonstrated since these trainees assumed their 
assignments in the initial operationn ofe the Caroni plant
in April 1981, Full operation of Phase 2 of the North 

Oropuche system occurred almost simultaneously withof the large Caronji plant. 
Ongoing training 

Operational training will not stop with completion of 
the new water supply facilities. The success of the 
pe sn t e r an l c ti e s . by su o an­

present effort and continued support by WASA man­agement mean that training replacement staff andcontinuing efforts toward staff improvement at
 
WASA's existing plants will receive high priority.
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