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Agency for International Development
 
AFR/DR/SWAP - Room 2733A
 
New State Building

Washington, DC 20523
 

Attention: Mr. G.Cashion
 

Dear Mr. Cashion:
 

Attached are four (4)copies of the Project Evaluation Final Report for
 your reference and use. 
This issue 	isthe same as draft report submitted-in

April, 1985 with the following revised and updated pages:
 

Table of Contents - added sheet for Appendices (sheet ii)

Note (sheet iii)

Pages 1-1 through 4
 
Page 2-1
 
Page 3-2 
Pages 4-2 through 6,4-12 and 4-13 
Page 5-2
New Appendix E, containing 5 sheets of statisticalm:data.proViding water
and power 	production/consumption furnished by GOCV .:"
 

Updated site data received inJuly, 1985 has also'been included in'the
 
above revised pages.
 

As we discussed over the telephone some time ago, the project's most
urgent need issome new permeators. Actually, we provided inthe report the
identification of 10 worst performing membranes to be replaced at the earliest
possible time. We also had provided you wth a 
telex quotation from
Polymetrics for furnishing new permeators. We do not have a copy of
Polymetrics report on their plant fix during February-March, 1985. However, wi
understand that they do not intend to furnish any replacement permeators as a
part of their guarantee. We feel that any guarantee claim by GOCV may be
challenged by the vendor due to operational anomalies (against limits set by
the Operating Manuals) such as high delta-p across the membrane and reuse of
disposable cartridges infilters. This could lead to a long drawn argument and
loss of time and effort. What isimportant right now isto order some new
 
permeators for the plant to improve performance and economics.
 

Burns and Roe Industrial Services Corporation 
700 Kinderkamack Road w Oradell. New Jersey 07649 w Telephone: NJ(201) 265-2000 NY(212) 563-7700 

Telex: 13-0353 
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I do not intend to repeat the other recommendationsin the report.

However, as you indicated, ifnew funding isadequate an on-shore intake pit

could be built to resolve permanently the pump suction problem due to winter
 
storms.
 

Our contract performance period ended on March 31, 1985 (PACD). You also
 
advised that our proposal dated May 18, 1985 for additional services was not
 
approved. Incase you reconsider the situation and have FY 86 funding, we will
 
be glad to assist AID/GOCV in implementing any or all of the recomended actions
 
for improving the project performance.
 

Incase you have any questions, please let us know.
 

Very truly yours,
 

Amit Chattopadhyay P.E. 
Project Manager 

AC:cdn
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NOTE
 

The project evaluation report was originally scheduled to be
issued eight months after plant initial operation in March 1983.
However, in order to coincide with the 1-year "deferred perfor
mance test" of the desalination equipment the report was resche
duled to March, 1984.
 

In the meantime, desalination equipment problems started

affecting the water production in early 1984 and interim test
an

and inspection was made in May, 1984. 
 A claim was made to the
equipment supplier, Polymetrics, and the performance test was
further postponed subject to the Vendors correction of the

situation. Polymetrics after spending over eight months in

obtaining new parts, performed field change work and membrane
 
cleaning in February, 1985.
 

The performance test was made on March 5, 1985 and subsequently
this final evaluation report was prepared. Additional opera
tional data received from field beyond the March 31, 
 1985, date
(PACD) have been 
included to the extent relevant to 
this report.
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1.0 OVERALL REVIEW
 



1.0 OVERALL REVIEW
 

Through the close cooperation and financing by the Agency for
 
international Development (AID) and the Government 6f Cape Verde
 
(GOCV), the Sal Island Desalination and Power Project was
 

completed.
 

The project had been anxiously awaited by the population of Sal.
 
The island's fear of water shortage, rationing and at times
 
fearing complete absence of potable water production has ended
 
by the successful completion of this project. The immediate
 
impact was 
the closing down of the obsolete steam evaporation
 
desalination plant in Santa Maria, and the plant at Espargos
 
which produced potable water for the airport. Over 500 house
holds are connected to 
the water mains and over 800 connections
 
were made providing electric power. Moreover, numerous applica
tions for new connections have been received. People who now
are 

served with piped-in fresh water and house electric connections
 
are the primary beneficaries of the project. Moreover, potable
 
water is trucked to the communities and made available to the
 
households on 
a daily basis. This is one of the most effective
 
people to people programs between the U.S.A. and the Republic of
 
Cape Verde.
 

Improvement of water and power supply for the Amilcar Cabral
 
Airport has already benefited the most important industry on the
 
island. 
This airport is now able to accept increasing number of
 
landings per week. The foreign exchange earned by the airport
 
activity is vital for the entire republic.
 

Extensive town street lighting has been provided and existing
 
ones modernized.
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Other government facilities and industry and commerce in Palmeira
 
and Espargos/Preguica area account for additional 
scores of water
 
and power connections, helping boost the L.economic activities on
 
the 	island.
 

Overall improvement in the standard of living and economy on the
 
island has been achieved.
 

GOCV formed an independent water and power authority named
 
Electricidade e Agua do Cabo Verde 
(ELECTRA), with a delegation
 
on Sal Island which is responsible for the operation of the
 

plant.
 

Important Project Information:
 

A. Plant Capacities: 

Desalination Plant - 550 m3/d (average), 660 m3/d 

(installed) 
Desalination System - Reverse Osmosis (R.6.) 
Diesel-generators - 2x500 kW 

Communities directly served by the project 
- Palmeira, 
Espargos/Preguica, Airport 

Water is supplied by truck to other communities.
 

B. 	Financial Data:
 

US AID funding 
 - $7,790,000 
GOCV "in-kind" contribution -	 $1,635,793 
GOCV Contribution of land
 

and existing facilities,
 

valued at 
 $1,070,000
 
Total Project Cost 
 $10,495.793
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C. Project Completion Dates:
 

Desalinated water production started: 
 March 18, 1983
 
Supply of water by tank trucks started: March 28, 1983
 
Commerical sale of electrial power
 
(to Shell) started: 
 March 31, 1983.
 

Problems and Recommendations
 

There are 
several problem areas in the project which require
 
urgent action. The most important action 
item is to install a
 
number of 
new permeators in the desalination plant in order to
 
bring the overall product recovery to the desired range. 
 Present
 
recovery rate has dropped to approximately 55% of the design
 
value (with poorer water quality than design) resulting a very

high cost of water production. 
The problem was first analyzed
 
during May-June, 1984 and the vendor was notified of the
 
problems. To remedy, Polymetrics installed some replacement
 
stainless steel parts and attempted a thorough cleaning of the
 
R.O. membranes in February/March, 1985. 
 However, the performance
 
of the desalination equipment remained significantly below the
 
design values, as shown below:
 

Design Actual (March, 1985)
 

Quantity 660 m3/d 
 380 m3/d average
 
Quantity 600 ppm 
 925 ppm average
 

An attempt should also be made for possible guarantee claim for
 
replacement of permeators per GOCV contract with the supplier.
 

Some areas of the water storage tanks are showing corrosion.
 
This also requires urgent action. 
Due to the corrosive nature of
 
the ocean-front atmosphere, rusting will be progressive unless a
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corrective measure is taken. Services of a paint expert, pre
ferably from the tank manufacturer (Butler) is recommended to
 
implement a paint repair schedule.
 

The water surge in the natural intake well which causes suction
 
failure of intake pumps has been a problem during the stormy
 
winter months. Although in the 1983-1984 season this problem
 
caused a minor downtime, in the 1984-1985 
 season the problem
 
routinely caused plant shutdown for about two days every week for
 
several weeks. 
The effort of Electra in installing one suction
 
pipe to lower sea level (-8 m) will alleviate this problem.
 
Moreover, the present consideration by GOCV for application of 
a
 
submersible pump to provide priming water during winter storms
 
will be an added advantage. Contruction of an on-shore well
 
should be considered after 1985-1986 season if the other two
 
measures mentioned above become inadequate to maintain water and
 
power production.
 

Among other problems, the stainless steel flexible connections at
 
high pressure pump discharge which showed repeated leaks and
 
failures should be changed to rigid spools made of 316LSS
 
material. The flexible joint at the energy recovery turbine,
 
however, can not be similarly substituted due to the movement
 
required for belt-tightening. Polymetrics should be requested to
 
furnish the replacement pieces.
 

It is also recommended that sufficient spare parts and operating
 
chemicals are 
in stock well ahead of time to asure their availa
bility at all times. This will also help avoiding costly air
freight charges.
 

Rev 8/31/85
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Finally, the quality of operation and maintenance (O&M) must be
 
maintained at all times. 
 In this regard Electra may consider
 
contracting external expertise in 
some areas of O&M, if needed.
 
Replacement of a trained employee should be done with a similarly
 
trained person. Moreover, Electra's chief water chemist from
 
Mindelo should make periodic visits to Sal plant to verify ade
quac.y of various analysis and dosages required at the desalina
tion plant.
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2.0 PROJECT BACKGROUND
 

This project was initiated by a feasibility study prepared by a
 
technical and economic team sent to Sal by AID in March 1977.
 

The study (Project Paper) recommended complete systems of potable
 
water production, delivery and distribution; power generation,
 
transmission and distribution to all the five (5) communities on
 
Sal Island consisting 
of the Airport, Espargos, Preguica, Santa
 
Maria and Pedra de Lume. 
 It also recommended the installation of
 
sewerage for Espargos, Preguica and Sante Maria for collecting,
 
treating and storing the fresh wastewater for agricultural uses.
 
Included also were 20 housing units for the plant operators.
 

In July, 1979 AID awarded the A/E contract to Burns and Roe
 
Industrial Services Corporation (BRISC).
 

Project Phasing Concept
 

In November, 1979 BRISC completed the project conceptual design
 
of all systems recommended in the project paper. BRISC also pre
pared 
a cost estimate which showed the original aLthorized
 
funding was insufficient for carrying out the total program as
 
originally recommended.
 

In order not to postpone projcet implementation, AID and GOCV
 
decided to undertake the construction in two phases. Phase I
 
would be 
to build the basic systems with the presently available
 
funding.
 

Phase II would be to complete the remaining program when addi
tional funds would become available.
 

Figure-I shows the map of Sal Island indicating the communities
 
directly served by Phase I Scope.
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Sal Island
 

(also shown are major

communities and roadways)
 



zP i ect Financing 

Total project cost for Phase-I was approximately $10:.5 million 
with AID and GOCV participation as follows: 

AID Cqntribution 

Total AID funding for the proj ect was $7,:, u,uuu,, ana, con
sisted of the followin arants. 

FY 78 
 6,290-,000'
 

Y 81 
 900,000
 

FY 82 
 600,000,
 

Total $7,790,000
 

GOCV Contribution. (in equivalent U.S. dollars)
 

Shipping 
 $1,153,208
 

Local. Materials 
 23,145
 

Local Lacor 
 86,098
 

Buildings rehabilitation for 207,000
 
housing and field offices
 

Miscellaneous 
 166,342
 

Total "in-kind" $1,635,793
 

Land and exist ing facilities $1,070,000
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Contractors
 

There were four U.S. cbntractors participating in the project:
 

1)Architect/Engineer Services - Burns and Roe Industrial 

Services, Corp. (BRISC) 
Oradell, New Jersey 

2) Desalination Equipment - Polymetries, Inc. 

Jose, California 

San 

11 n ,w,rGeneration Equipment* = Maison International" 

Norwood, New Jersey 

4):construction and Installation 
 -
and balance of plant equipment- uhlin/Wallace, a joint
 

venture of Ruhlin Company
 
of Columbus, Ohio and 
Carl P. Wallace of 
Dallas, Texas. 

*Diesel engine manufacturer -Cummins 

Schedules
 

A/E Contract was awarded in July, 1979. 
 Conceptual design and
 
cost estimates were completed toward the end 1979. 
 Several
 
months of time was elapsed for arranging increased AID, and GOCV
 
financing, project phasing concept development and revising pro
ject economic analysis. 
Figure II shows the overall project
 
schedule for the Phase I scope. 
Design was restarted in April,
 
1980 and pre-purchase equipment contracts were awarded in the
 
third quarter of 1981. Construction contract was 
awarded in
 
January, 1982. Construction was completed and water/power pro
duction started by end-March, 1983. BRISC operation and training
 
supervisor continued his stay at site during eight months of
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YEAR 

.,No.of Quarters .
 

Design Development
 

Construction Documents
 

Construction Phase
 

2.. PROCUREMENT:
 

Power Generation Equip
ment 


Desalination Equipment 


General 	Construction
 

3. SHIPPING DATES
 

-
Leave New Bedford


4. 	CONSTRUCTION
 

Mobilization
 

Construction/Install a-.
 
tion 


Check-out and tests
 

5. OPERATION AND TRAINING 


1980 1981 	 1982 
 1983
 
3 '4 1 2 	 -3 :3 ::i 2:1 .C 
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FIGURE II Overall Project Schedule
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3.0 DESIGN SUMMARY,
 

A schematic representation of the project islprovided in
 
Figure-III.
 

3.1 Phase I.Contruction Scope
 

Phase I involved the construction and installation of a desali
nation and power generation plant in Palmeira to produce 660 m3
 
per day of potable water with provision for future expansion to
 
900 m3 per day. The potable water is stored in a steel tank of
 
2000 m3 at the Palmeira plant site. 
 The water is pumped and
 
delivered to 
a 980 m3 tank located at 74 m elevation on Morro
 
Curral. 
The water is conducted by distribution mains and sub
mains to users in Espargos, Preguica and the airport. 
A 100
 
m3 overhead water storage tank is provided at the airport.

Provision is made to extend the distribution systems to Pedra de
 
Lume and Santa Maria in Phase II. 
The Palmeira water distribu
tion system wag included in Phase I.
 

Installed power generation in Phase I consisted of 2-500 kw
 
diesel generators with provision for doubling the generating
 
capacity in the future to meet the demand for 15 years of
 
industrial and population growth. 
The generated power is
 
transmitted to substations in Espargos and the airport by 11 
km
 
of direct buried 13.8 kV power cables. From the various substa
tions the electric power is distributed to Espargos/Preguica and
 
the airport with new poles added where required; additional
 
street lighting was also installed. Provisions were made to
 
extend the power transmission and distribution to Pedra de Lume
 
and Santa Maria in Phase II. An administration building is
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constructed at the Palmmeira plant site. 
 Construction of
 
workers' homes and sewerage and wastewater treatment systems were
 
excluded from Phase'-I.
 

3.2 System Capacities
 

3.2.1 Desalination Plant
 

The desalination plant output capacity was based on 
an average
 
daily production of 550 m3/d. Assuming an 
availabilty factor
 
83%, the installed plant capacity was specified at 550 4. 0.83 or
 
660 m3/d. Three-shift operation of the plant is required.
 

The plant consists of a full pretreatment system followed by

three (3) parallel trains of Reverse Osmosis 
(R.O.) systems of
 
220 m3/d capacity each.
 

It was projected that after about 5 years of operation another
 
220 m3/d R.O. system capacity will be required to be added to
 
meet the increased demand.
 

3.2.2 Power Generation
 

Based on an initial peak demana projection !of 884 kW, two (2) 500
 
kW diesel-generators were specified for Phase 
Iconstruction.
 
Obviously ths leaves _no spare generator during the peak load
 
hours.
 

3.2.3 Storage Capacities
 

The main storage tank at the Palmeira plant site is
 
2000m 3 capacity. 
This provides over 72 hours of full ratedplant
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production or approximately a week's water demand at the actual
 
present rate of 290 m3-/d.
 

The 980 m 
storage tank-on top of Morro Curral provides gravity

distribution to the population of Espargos/Preguica. The airport
 
has been provided with its own 100 m3 overhead tank.
 

3.3 Water and Power Transmission
 

3.3.1 Potable Water Transmission
 

Main transmission line from Palmeira 2000m 
storage tank to the 
Espargos/Preguica 980 m3 storage tank, and upto Airport  6"
 
underground pipeline. Pumping capacity is 75 m3/h. The system
 
is suitable for providing water upto 20 years of demand growth.
 

3.3.2 Electrical Power Transmission
 

Main transmission line from the substation at Palmeira plant site
 
is 15 kV 3/C#l Aluminum Cable, suitable of carrying upto 2000,kW
 
of load to Espargos/Preguica communities.
 

3.4 Town Distribvtion Systems
 

3.4.1 Potable Water Disbribution
 

a) Palmeira
 

i) Water supply to the plant site
 
ii) Tank truck fill station
 
iii) Town street underground 4" mains and 2" submains
 
iv) 3/4" 
laterals and curb stops for house connections
 
v) Overhead tank was excluded from Phase-I.
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b) Espargos/Preguica (including part of Hortela) 

i) Town street underground 4" mains and 2" submains
 

ii) 3/4, laterals and curb stops for house connec

tions
 
3
iii) Overhead storage tank, 980 m


c) Airport 

i) Supply piping underground 4" main and 2" submains 
ii)' 3/4"'flaterals and curb stops 
iii) Overhead storage tank, 100 m3 

.tric Power Distribution
 

a) Palmeira
 

i) Power supply for plant , equipment and 'plant 
lighting 

ii) House connections with metez 
iii) Town streetlighting . 

b) Espargos/Preguica' (including part of Hortela)
 

i) House connections with meter
 
ii) Town street lighting 

.c) Airport'
 

i) Interconnection with airport-generating station
 
ii) Connections with meter to the airport and com

merical facilities
 

iii) Street lighting
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4.0 EVALUATION OF PLANT SYSTEMS
 

4.1 overall Dqsiqn
 

4.1.1. Project Concept and Achievement
 

The chronic water shortage on Sal Island could only be resolved 
by providing an 
adequate size seawater desalination plant..
 

Original investigation and field research for building 
a desali
nation and power plant with distribution systems on Sal Island
 
were carried out by a technical team sponsored by AID. This
 
investigation was conducted in March, 1977 and recommended imple
mentation based on its technoeconomic viability. This was pre
sented in the AID "Project Paper".
 

BRISC studies concurred with and followed the overall AID con
cept. Some of the design parameters were revised based on 
up-to
date field data gathered during early design stage.
 

The project was implemented as Phase-I, which included the water
 
and power plant and limited the distribution water and power to
 
the major population centers and the airport.
 

The project as designed and constructed achieved the goal of
 
supplying water and electricity to two-thirds of the Sal
 
Islanders as well as 
to the airport, which is vital to 
the eco
nomy of the entire republic. Moreover, abundance of drinking
 
water is expected to restore public health and together with the
 
availibility of electric energy, the island's economic growth is
 
underway. This results in the fulfillment of the goal of impro
vement in standard of living of the Sal Islanders.
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The 	following are several examples of commerical and industrial
 
facilities being planned or are in construction stages on Sal
 
based on the improved availability of water and power:
 

1) 	SALMAR (the Lobster Plant) completed the expansion of its
 
facilities to include freezing, ice making and fresh food
 
storage (for local consumption). It has installed storage
 
capacities of 640 tons each for fish, lobster and food. 
 It
 
has capacity for making 10 
tons of flake ice for selling to
 
fishing boats to take to sea for preserving the fish to bring
 
back to port. 
The fishing fleet will be increased from the
 
present three ship fleet 
to sixteen of smaller sizes. In the
 
initial period before the completion of the Palmeira pier
 
construction it is anticipated that SALMAR will attain 30 
to
 
50 percent production capacity. The initial power consump
tion of this plant will be 240 kVA and will ultimately reach
 
400 	kVA.
 

2) 	The Palmeira port construction was started in October, 1984
 
and to be completed soon. The pier can berth ships up to 
300
 
tons. 
Sal Island will export frozen fish and lobster by ship
 
directly to Europe and likewise import its needed products.
 

3) 	The airport commissioned Italian architects to make plans for
 
expanding the modernizing its facilities, the terminal
 
buildings, to include a modern 75 
room hotel at the airport
 

1) 	A new hotel in Santa Maria is now under construction. The
 
hotel (95 rooms) wil be owned by a joint-venture (private and
 
government) company called Hotelmar to be financed by 
a
 
French source. 
 The 	same French source will probably finance
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water and electricity transmission lines from the airport

toSanta Maria. 
The present Hotel Morabeza at Santa Maria
 
completed.a major expansion of its dining rooms and has an
 
addition of 80 rooms under construction.
 

4.1.2 Plant Capacities
 

The demand for water and electricity on the island is steadily

increasing. Prior to construction of this project the total
 
water available was 170 m3/d (including brackish water,
 
unsuitable for drinking). Now the average demand has grown to

290 m3/d. This is somewhat lower than the projections made in
 
1979. 
 The following table provides the comparison:
 

(only 5 years shown)
 

Years of 
 Water Demand Actual Water
 
Operation- Originally projected 
 Demand
 

m3/d 
 m3/d
 

1 
 396 
 170
 

435 
 290
 
3 
 468
 

4 
 501
 

5 
 534
 

It'is obvious that the water plant sizing has been adequate. The
 
timing of future addition should be adjusted to reflect actual
 
growth pattern.
 

Electra is providing house connections on demand basis. 
A total
 
of 527 connections have been provided so 
far:
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Government Facilities 37
 

Industry and Commerce '27"
 
Private Homes 
 463
 

Demand for electricity is also steadily increasing. The two(2)
 
500 KW each diesel generators must both run at times to meet the
 
peak demand. Moreover, the existing generators at the airport
 
plant also operate as needed. 
 It must be noted that at this time
 
the electric power demand in Santa Maria and Pedra de Lume 
are
 
met by their local generators and are excluded from this project.
 
Forecasted and actual demand data are provided below:
 

(only 5 years shown)
 
Years of Power Demand Actual Power
 
Operation Originally projected(1) Production(2 )
 

Year total/Peak Year total/Peak
 

MWh/kW MWh/kW
 

1 3765/800 
 2356/(3)
 

2 3938/832 (4)2941/(3)
 
3. 
 4112/869
 

4 4285/906
 

5; 4459/945 -

Note:
 

(1) (Phase I only)
 

(2) Excludes Airport Generators
 
(3) Data Unavailable
 

(4) Estimated by Interpolation of Data for First 9 Months
 

The generating capacity as installed is adequate to meet present
 
demand. However, because of current high peak demand and 
to
 
alleviate burden on 
the airport generators, the third 500 kW
 
(spare) diesel enerator should be installed soon.
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A total of 832 connections have so far been provided for the
 
electricity consumers:
 

Government Facilities 
 17
 
Industry and Commerce 9
 
Private Homes 
 8061
 

The goal of providing house connections to 1000 homes (80% of th( 
island total households) has not yet been fully materialized.-
However, new connections are 
being added on a continuous basis.
 

4.1.3 Desalination Process
 

During the conceptual stage a process selection study was con
ducted. The study indicated a clear economic advantage of the
 
Revese Osmosis (R.O.) System over the vapor systems for seawater
 
desalination on Sal. Consequently, an R.O. system, together with
 
energy recovery from the high pressure reject concentrate, was
 
adopted for design. 
The drive power for the high pressure pumps
 
is obtained from the diesel-electric plant.
 

It is important that only trained operators operate the R.O.
 
plant and in strict accordance with the manufacturer's operation
 
manual.
 

4.1.4 Materials Selection
 

Handling of 
seawater required special attention to the materials
 
selection for corrosion consideration.
 

Major selections were as follows:
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LowPressure Systems, , FRP.and PVC piping
 

High Pressure Systems- 316L SS piping
 

Process Vessels -Rubber lined steel, FRP 
Low Pressure Valves - PVC, bronze or rubberlined 

steel 
Intake pumps - All bronze 
Process pumps .316L 

Due to budget restrictions, exotic ,alloy materials werenot,spe

cified. 
However, all the specified items 
are,of good engineering
 
selection considered adequate-for the intended 
use.
 

For potable water system, main delivery and distribution lines
 
were of PVC material with ductile iron fittings. Valves cast
 
iron except for 2 inch and below which were 
either PVC'or bronze.
 

Underground fuel oil line was 
steel with factory coated
 
outerlining.
 

4.1.5 Problem Areas
 

One area of design which is creating problem is at the intake.
 
During stormy winter months the surge action at the intake well
 
becomes so great at 
times that the suction is lost. The horizon
tal centrifugal intake pumps become airbound due to passage of
 
air through the suction pipe and fail 
to reprime. Due to lack of
 
feed water the desalination plant and the diesel generators must
 
be shut down until the pumps are reprimed.
 

During the 1983-1984 winter season-the lost availibility was
 
relatively minor. 
However, during the 1984-1985 winter season
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the stormy weather continued for several weeks causing almost two
 
days of shutdown every week during that period. 
 In this case
 
site water storage tank could not provide adequate surge capacity

due to simultaneous low water production rate (see paragraph
 
4.2.1).
 

See Section 5 for discussion on remedial actions.
 

As a background information it may be recalled that to avoid an
 
expensive on-shore intake suction pit installation, BRISC intake
 
design considered using a existing natural well instead. The
 
natural well, based on original measurements *, would have pro
vided 7 ft. 9 in. submergence at low water, which was considered
 
adequate to provide margin for wave or 
surge action. However,
 
due to the site conditions developed during construction, the
 
elevation of suction pipe foot valve was installed 3 ft. higher
 
than that shown on the design drawings. This aggravated the suc
tion problem during the rough weather.
 

*Note:
 

Measurements were taken by a local diver hired by GOCV. 
Refer
 
to Report No. 14 dated October, 1980. During construction some
 
of the measured data were found to be inaccurate.
 

4.2 Equipment
 

A plant equipment list is provided in Appendix-A for ready
 
reference.

4.2.1 Desalination Equipment
 

This equipment was supplied by Polymetrics which utilized R.O.
 
membranes manufactured by DuPont. 
Major components of this
 
system are:
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-Raw Water Storage Tank
 
-Booster Pumps
 
-Two stage media filtration.
 
-Backwash system with pumps,
 
-Micron filtering
 

-H.P. pumps
 

-R.O. System
 
-Membrane cleaning system with pumps.,
 
-Energy Recovery Turbines
 
-Chemicals Feed Systems
 
-Control Panel
 

The equipment is not performing well due to degradation of R.O.
 
membranes in all three trains. 
The problem started with the iron
 
fouling due the corrosion products from the accumulators at the'
 
H.P. pump. The supplier was advised of the problem since the
 
early 1984. Polymetrics acknowledged the problem with the accu
mulator material (was originally supplied with carbon steel body
 
with hypalon coating) and new 316L SS accumulators were installed
 
in February, 1985. 
 At the same time Polymetrics also attempted
 
to rejuvenate the membranes by special chemical cleaning.
 
Performance test conducted in early March, 1985 showed 
some
 
improvement but still falls far short of the guarantee con
ditions. 
A chronology of events is provided in Appendix-B. Also
 
refer to Paragraph 4.3.1 of discussion on performance.
 

Another problem was with the leaky high pressure flexible joints.
 
Several new joints were supplied by Polymetrics. These replace
ment parts were required 
to undergo better quality assurance
 
than the original ones. 
 H.P. pumps discharge joints can be
 
changed to rigid pieces. However, those at the energy recovery
 
turbine can not be replaced with rigid ones as explained below.
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One equipment design error which was uncovered during start-up is
 
the position of the slack side of the power transfer belt between
 
the recovery turbine and the H.P. pump. 
Only way the belt
 
tighting is accomplished is by periodically (2-3 times a year)
 
adjusting the recovery turbine positioning bolts. This requires
 
use of vendor supplied spacer plates and for minor positioning
 
adjustments the flexible joints remain useful.
 

4.2.2 Power Generation Equipment
 

For the last one year the two 500kW each diesel-generators (no
 
spares) have been performing satisfactorily. However, generator
 
shutdowns have occurred during winter storms caused by occasional
 
lack of seawater cooling intake problems.
 

Thediesel engines are manufactured by Cummins and the generators
 

by Kato. 
 PACS Industries supplied the switchgears.
 

4.2.3 Balance of Plant Components
 

Balance of plant equipment was supplied by Ruhlin/Wallace who was
 
also the general installation and construction contractor.
 

a) 	Seawater Supply System
 
3 horizontal centrifugal type seawater pumps provide
 
supply water to the desalination plant and cooling
 
water to the diesel engines (using heat exchangers).
 
Each pump is rated 114 m3/h, and was manufactured by
 
Goulds. 
The pumps are of all bronze construction with
 
SS shaft as specified. The impellers have been
 
reported to have undergone visible metal loss. 
 Some
 
corrosion of bronze is expected in seawater service.
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This probably have been aggravated by cavitation
 
(during big surges) and/or by suspened rock particles.
 
Periodic inspection and repair should be performed, if
 
necessary. Impeller replacement may be required after
 
approximately 3 years of operation.
 

The shafts were originally supplied in carbon steel
 
material by an oversight by the Contractor. The car
bon steel shafts failed in mid-1984 but subsequently
 
have been replaced by the Contractor by 316 SS
 
material at no charge. 
No further problem is reported
 
in this regard.
 

b) Potable Water Delivery and Distribution System
 

There are two 75 m3/h each potable'water delivery
 
pumps (one spare) supplying water from the 2000
 
m site storage tank to 980 
m Morro Curral overhead
 
tank and to 100 m3 airport overhead tank. The pumping
 
system is operating satisfactorily. The level
 
controls at the overhead tanks have been left out of
 
operation and the daily filling is accomplished by
 
predetermined (by experience) timing of pumps opera
tion.
 

House connections are continuously being added.
 
Moreover water is trucked to other communities by
 
tank-truck. The water distribution system is
 
operating satisfactorily.
 

Corrosion and local paint failure in some internal and
 
external areas of the water tanks have occured. 
 The
 
tanks are of steel, bolted type, manufactured by
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Butler and were supplied factory-coated. Electra has
 
coated the affected areas with primer. However, a
 
sand-blasting and recoating of affected areas are
 
necessary to control progressive corrosion. A
 
recoating program should be adopted using manufac
terer's expertise. (This was recommended by BRISC
 
Report No. 35 dated August 31, 1984).
 

Brown water has been reported which is most likely
 
caused by ferrous corrosion products in the water
 
system. Maintaining proper PH and controlling water
 
salinity should resolve this problem. Moreover,
 
painting of corroded part of the tanks is urgently
 
required.
 

c) Power Transmission and Distribution Systems
 

These system consists principally of the following:
 

i) 2000 kVA, 400v/13.8-7.9 kV transformer
 
ii) 
2000 kVA, 400v/6.3 kV transformer
 

iii) 
 1500 kVA 6.3 kV/13.8 kV transformer
 
iv) 
 1500 kVA 13.8 kV/6.3 kV transformer
 
V) Motor Control Centers
 

vi) 
 Vacuum Switches and Fault Interruptors
 
vii) Voltage Regulator
 

viii) 112.5 kVA Substation, 2 75 kVA Substations
 
ix) Underground transmission line
 
x) Overhead town distribution lines
 

xi) Street lighting
 
xii) House connections
 

rhe system is working satisfactorily including inter
connection with the airport generating plant. House
 
connections are being continuously added.
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One problem was reported for the underground power
 
cable feeding the intake pumphouse from the plant
 
building. Apparently some portions of the trench,
 
during installation, was not properly sand bedded and
 
the cable was damaged by the presence of sharp rocks.
 
This fault by the Contractor originally went unde
tected by the BRISC and Electra supervisors. The
 
problem is now being corrected by Electra personnel.
 

d) Miscellaneous Systems
 

All other systems, including plant compressed air,
 
fuel oil and other plant facilities have been per
forming satisfactorily. Administration building spa
ces 
and layout have proved to be excellent.
 

4.3 Performance
 

4.3.1 Desalination Plant
 

The performance of the desalination plant must be improved. 
The
 
latest series of tests conducted in March, 1985 by Polymetrics in
 
the presence of BRISC representative shows the following overall
performance:
 

Product Quantity 360 to 400 m
3/d, say average 380 m3/d
 
Product Quality 
 900 to 950 ppm, say average 925 ppm
 
(No. of operable permeators - 30)
 

The above data fall drastically inferior to the design and
 
guaranteed values of 660 
m3/d and 600 mg/l (1.5% salt passage).
 
Thirty-three(33) Permeators were originally supplied.
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A guarantee claim to the supplier to correct the situation should 
be considered. 

Due 	to low productivity, the costs of feedwater pumping power
 
(less energy recovery) and chemical cleaning per unit volume of
 
product have been running very high. Furthermore, since a year
 
ago 	the frequency of chemical cleaning has been required to be 3
 
to 4 times more often than originally specified by the vendor.
 

The following relevant information is presented based on the site
 
visit by BRISC engineer,during the period March 2 through March
 
8, 1985:
 

A) 	Extensive cleaning and PT-A and Pt-B treatment was
 
performed by Polymetrics between February 27 and March
 
5, 1985.
 

B) 	Tables 1, 2 and 3 provide the performance data
 
collected on February 27 and March 5, 1985 and for
 
R.O. trains A, B and C respectively.
 

C) 	Silt density index (SDI) of the feed water was within
 
the range 2.5 to 3.0
 

D) 	Polymetrics representative reported the following
 
feed/reject characteristics correlation:
 

Chlorides feed 21270 ppm 
Chlorides brine 24106 ppm 
Conductivity feed 48000 umhos 
Conductivity brine 55000 nmhnn 
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TRAIN A.PERFORMANCE 

TABLE 1 

Date 27 February 1985,-, 5 March 1985 

Time 400 1100 

Temp ,3.8 22.5 

Prod. Flow 1/mi 97 114 

No. of Per 11.I 2 

Feed Flow 1/mm 540 550 

Feed Press bar 68 70 

Prod. Press bar 1.0 1.04 

Prod. Cond. umhos 1700 1350 

Suction Press bar 3.7 3.4 

Pos. Ser. No. Flow Cond AP Flow Cond AP 

1 8108501 12.36 1400 1.5 13.84 700 1.05 

2 8200076 7.82 1600 1.0 7.82 1000 0.65 

3 8108992 8.71 1400 0.6 9.31 900 0.45 

4 8200088 8.18 1600 0.65 7.71 850 0.50 

5 8110313 8.85 1600 1.2 9.15 1200 0.85 

6 8201206 9.82 3700 1.1 10.59 3100 0,85 

7 8200082 8.18 1200 0.7 9015 750 0.50 

8 8200056 8.06 1250 1.05 8.57 1000 0.70 

9 8201209 - - - 9.64 3300 0.85 

10 8109439 8.57 1000 1.3 8.44 600 0.90 

11 8109473 8.57 1250 0.75 8.85 900 0.50 

12 8201653 9.64 2200 - 10.19 1200 1.20 

Total 98.76 113.26 



•TRAIN B PERFORMANCE 

TABLE 2 

Datw 27 February 1985 5 March/1985 

Temp OC 23.8 22.5 

Prod. 'Flow I/min 60 76 

No. of Perm - 9 9 

Feed Flow 1/min 540 550 

Feed Press bar 60 64 

Prod. Press bar 1 1 

Prod. Cond. umhos 110,0 2200 

Suction Press bar 307 3.4 

Pos. Ser. No. Flow Cond AP Flow Cond AP 

2 

3 8109558 7.82 200 1.25 8.85 700 0.95 

4 8110205 7.4 3700 1.45 9.64 2000 0.95 

5 8109718 7.5' 2200 1.50 8.05 1200 1.15 

6 8108262 11.25 2400 1.40 8,85 1900 0.93 

7 8110389 7.71 2550 1.35 8.06 850 1.05 

9 : , 8109608 7.6 2300 0.85 9.82 2000 1.35 

10 8200520 9.0 3300 0.85 8.18 1500 0.70 

11 8201295 7.5 3500 1.35 9.15 4000 1.15 

12 8201191 7.4 4000 1.25 7.94 2250 0.85 

Total 73.2 78.5 



TRAIN C PERFORMANCE:
 

TABLE 3
 

Date 


Temp 


Prod Flow / 


No. of Perm 


Feed Flow , /mn 

Feed Press bar 

Prod Press bar 

Prod Cond umhos 

Suct Press bar 


Pos. Serial No. Flow 

1 8108781 9.31 

2 8108982 9.64 

3 

44 

5 8201182 11074 

6 8110953 9.15 

7 8110385 8.31 

8 8110383 13.17 

9 

10 8109530 8.57 

11 8201238 8.57 

12 8200083 8.31 

Total 89.5 

5 March 1985,
 

22,5
 

85 

9 

540 

65
 

28.50 

3.4
 

Cond AP 

1350 1.15 

3000 1.15 

4000 1.3
 

2800 0.8
 

2200 1.9
 

4000 1.i
 

2950 

2850 1.7 

1900 



E) Polymetrics representative inspected the fiber bundles
 
of approximately 20 permeators between February 15 and
 
February 28, 1985. 
 He found that in all instances the
 
Reemay had burst and that severe channeling was evi
dent. 
He also noted the presence of substantial
 
amounts of a brown/black muddy substance.
 

F) During BRISC presence on March 4, another permeator
 
was inspected. This permeator, No. 8201269, had also
 
ruptured Reemay and a good amount of black muddy
 
material in it. Permeator No. 8108501 was also
 
opened. This is still a relatively good performer at
 
12.5 1/min and 1400 umhos. In this permeator at least
 
the outer wrap of Reemay was still intact and only a
 
few black streaks were 
noted in the fiber bundle. The
 
inner core of the fiber bundle could not be inspected
 
because this would have meant breaking the Reemay.
 

G) Rupturing of Reemay will occur when the AP exceeds
 
2.5 -3 bars. Excessive AP's may have been caused by
 
the iron from the accumulator or by suspended material
 
in the seawater feed or a combination of the first two
 
factors. 
 Because many of the Reemay ruptures probably
 
occurred already before May 1984, (for performance
 
data see BRISC report No. 34 dated June 15, 1984) 
it
 
is impossible to establish which of the above factors
 
is to blame for the ruptured Reemay. With the Reemay
 
ruptured in so many permeators and severe channeling
 
in the fiber bundle it is no surprise that the perfor
mance of the plant is poor.
 

H) There are 6 permeators with cracked potheads.
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x. Tne piant is 
now capable of producing only approxima
tely 55% of the rated capacity with a Salt content
 
50760% too high. 
A real crisis is avoided due to the
 
fact that the actual demand is still low and does not
 
exceed 290 m3/day.
 

J) 'Power Consumption Data
 

On March 5, 1985 the electric power consumption was
 
neasured as 
12 kWH/m3 . This data is compared with the
 
lesign and past performance values as follows:
 

Study Vendor Proj.
 
ran'. 80 June '81 Jan. '84 
 May '84 March '85
 

6.9 5.6 
 '6. 
 7.6 12.0
 

(aoove data in kWH/mo)
 
(i) only this data includes pumping cost
 
(ii) data provided by Electra
 
(iii) data from BRISC Report No. 34
 

K) Cartridge Filters
 

Apparently, Electra has been using 10 microns
 
cartridge filters for some time. 
 Polymetric represen
tative stated all other plants that he knows of are
 
using at least 5 microns and in most cases 1 micron
 
filter. 
 Based upon his advise Electra has switched to
 
using 1 micron filter.
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4.3.2 Power Generation Plant
 

Overall performance of the diesel generators have been satisfac
tory. Several plant shut-down had occurred due to lack of
 
cooling 
sea water during stormy periods and intake pump suction
 
problems.
 

The fuel consumption data are provided below:
 

Design 
 Actual
 

0.241 kg/kWH 	 Kg/kWH 

4.3.3 Balance of Plant
 

No major problems in maintaining performance of the balance of
 
plant systems have been reported except for the occasional
 
seawater supply which has been discussed in Paragraph 4.1.5.
 
hlso refer to Paragraph 4.2.3 for a discussion on the equipment
 
performance.
 

4.4 Production Costs/Revenues
 

)verall costs have been reportea to oe talling short of revenues -

3y a big margin.
 

he following information has been gathered during the BRISC
 
?ngineer's trip to the site during the early March, 1985:
 

A) 	Water -


Water costs are now estimated by Electra to be 
in the
 
range 550-600 ECV (Cape Verdean Escudos) /m3 . At the
 
present exchange rate of 94 ECV/1 US$, this translates to
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$5.85 to $6.38 per m4 
(average is $6.10/m 3 or $23/1000
 
gallons).
 

The above cost includes depreciation. Value of depre
ciation used by Electra is not known at this time.
 
However, based on 
the last economic analysis a cost of
 
$3.04/m 3* should have been projected.
 

First quarter 1980 projected cost was $2.25/m.
3
 

A ratio
 
f Consumer Price Index (U.S.) of 1.35 has been applied
 
or first quarter 1985 cost.
 

It must be pointed out that the economic analysis used
 
the projected water demand (at the second year) as 436
 
M3/d whereas the actual demand 
is around 290 m3/d. This
 
makes the plant fixed costs portion 50% higher than pro
jected.
 

The energy cost per unit product has also risen due to
 
Eall in the plant productivity to 55% level. 
 The chemi
,als cost has risen not only due to lower productivity,
 
)ut also partly due to more frequent chemical cleaning
 
:equired for the membranes to maintain the WP.
 

!he following price structure is now being used on Sal: 

Residential
 

between 1 to 5m/month - 80 EVC/mJ 
(Average 33 to 165 I/d) - ($0.85/m) 
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above 5m3./month 	 - 120 ECV/m3
 

above 165 1/d - ($1.28/m3 )
 
Industrial
 

all consumptions - 130 ECV/M 3
 

3):
($1.38/m
 

The 	selling rates are sustantially lower than the $3.04

3
,m projected price.(CPI adjusted.) established during 

project planning stage. 

B) 	Power -

Electricity cost is reported by Electra as 17 ECV/kWH ot
 
18 cents/kWH, including depreciation. Value of depre
ciation used by Electra is not known at 
this time.
 

The 	ro-±owlng price structure is 
now 	being used on Sal: 

40 kWH/mOnth and under -1 12.50 ECV/kWH 
(13.3 Cents/kWH)
 

over 40 kWH/month - 15.00 ECV/kWH 

(16.0 Cents/kWH)
 

The production cost is from the original projected 
selling price of 21.2 Cents/kwH. However, the CPI 
adjusted value of the projected selling price should now
 
be 28.6 Cents/kWH.
 

The 	present actual selling price is substantially lower
 
*han the projected selling price. 
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C) Overall Costs -

The various costs and demand data as projected during
 
the economic analysis (February, 1985) is presented in
 
Appendix-C for ready reference. 

4.5 Operation and Maintenance (O&M) 

Since the start up and initial operation in end-March 1983 BRISC 
field supervisor continued to provide O&M supervision, training 
and guidance for a period of approximately seven(7) months.
 
Since October 1983, and upon completion of BRISC site activities,
 

Electra personnel has been operating and maintaining the plant.

The plant was originally staffed with qualified and trained per
sonnel who also participated in the project during the construc
tion phase.
 

rhe significant activities toward the O&M goal has been the
 
following:
 

i) Selection of candidates by GOCV and BRISC review and
 
concurrence.
 

ii) Preparation by BRISC of a training plan, approved by 
GOCV 	and AID.
 

iii) 	 Implementation of the training program in the U.S.
 

iv) 	 Providing manufacturers' instruction manuals.
 
Desalination plant O&M manual has been provided in
 
Portugese language. 
Spanish language materials have
 
been supplied as available on other items.
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v) 	Participation of the trainees during the equipiment
 
installation at site.
 

vi) BRISC overall O&M manual has been supplied.i This has
 
been translated by GOCV.
 

vii) 
 operational training under BRISC field/supervisor.
 

The 	quality of Electra's O&M activity has beer generally good.

Unfortunately two trained employees left Electra. 
Furthermore,

Mr. M. Ramos, who was the original project manager from GOCV, is
 
now 	located on another island.
 

There have been some instances of relaxing operational limits set
 
by manufactures. Also, lack of adequate stock of spare parts and
 
dosage chemicals may have created operating problems.
 

Housekeeping is generally good but there is 
room for improvement.
 
Electra needs their own ordering system for parts. BRISC has
 
thus far assisted them in purchasing and airfreighting parts in
 
many cases.
 

It must be pointed out that due to high cost of airshipment the
 
overall parts cost becomes excessive. Electra requires
 
preplanning in order to utilize surface shipment, when possible.
 

Periodic membrane replacement is also required to maintain R.O.
 
System productivity. A replacement rate of 15 
to 25% of membra
nes per year of operation may be expected. In the economic ana
lysis (Feb. 1980) a value of $50,000 or more per year was assumed
 
as membrane replacement cost (refer to Appendix 
- C, sheet B-7).
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It is important that the new employees replacing the original
 
trained personnel have appropriate training. It is doubtful that
 
such training system is in effect at site.
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5.0 RECOMMENDATIONS
 



5.0 RECOMMENDATIONS
 

5.1 Desal.nation Plant
 

A) Membranes
 

By far the most important action item is to 
improve the
 
R.O. performance. Installation of new membranes and
 
retiring the poorest performing ones should be planned.
 
Listed below are the 10 worst performing membrane modu
les:
 

Location 
 Serial No
 

B11 
 8201295
 
C5 
 8201183
 
C8 
 8110383
 
A9 
 8201209
 
C10 
 8109530
 

A6 
 8201206
 
C2 
 8108982
 
C6 
 8110953
 

Cl-1 
 8201238
 
Rio) A201191
 

Improving the overall product recovery rate will 
imme
diately cut the fuel and chemicals portion of unit pro
duction cost drastically improving the project economy.
 
The quality of product will also be improved.
 

B) 
High Pressure Flexible Connections
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Since the newly installed 316L accummulators are
 
expected to provide a reliable service in reducing
 
pulsations and vibrations, the flexible connections
 
should be replaced by rigid SS pipe spool pieces when
 
practical.
 

The three (3) 3-inch size 24" overall length flex pieces

with 600 ANSI flanged ends at the high pressure pump
 
discharge should be replaced by similar size spool
 
pieces made of 316L SS material with minimum pipe
 
thickness of lOS.
 

The other three (3) 3-inch size 30",overall length flex
 
pieces with 600 ANSI flanged ends at 
the energy recovery
 
turbine inlet must 
remain flexible to accommodate for
 
turbine base adjustments. 
In this case the existing
 
Elexible joints (24" long) from the high pressure pump

Jischarge may be used 
as spares, when each used with 
a
 
nake-up spool piece of nominal 6" length. The make-up
 
;pool pieces should be fabricated of 316L SS material.
 

C) Warranty Claims
 

Possible warranty claim should be considered by GOCV to
 
the equipment supplier, Polymetrics for all the existing
 
deficiencies, including:
 

- Permeator replacement
 

- Rigid spool pieces
 
- Malfunctioning parts not yet corrected.
 

In this regard the following documents are attached for
 
quick reference (Appendix D)
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Polymetrics Membrane Warranty (for othei
 
warranties refer to 
the Contract)
 

- Copy of AID (Praia) letter dated 5/29/84 
to American Home Assurance 

- Copy of BRISC letter dated 6/20/84 to
 
Polymetrics
 

Copy of BRISC letter dated 5/7/84 to
 
American International Companies with
 
copiers of previous BRISC letters and
 
telexes to Polymetrics.
 

Copy of original DuPont membrane test
 
data.
 

- BRISC Report No. 34 dated June 15, 1984
 
is also an important reference 
(not
 
attached).
 

5.2 Intake Suqtion
 

The present implentation of installing by Electra one 8-inch
 
flexible line extending to a deeper ocean levelI will definitely
 
improve operational reliability during winter sea storms. 
 In an
 
unlikely case of increased cavitation, the problem can be mini
mized by slightly throttling the pump discharge valve.
 

Electra also made a good decision in planning to buy a full capa
city submersible pump from Germany.
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BRISC believes that the above two measures will be sufficient to
 
meet the winter disruptions. The present natural intake well
 
should be continued to be used.
 

An on-shore construction of a pit, although most reliable is very

expensive and consequently was excluded from the design as 
a cost
 
saving measure.
 

5.3 Tnks Corrosion
 

A cleaning and repainting program to repair the affected areas as
 
well as to avoid new rust-spots should be adopted. 
An inspection
 
and recommendation by a painting expert, perferably from the
 
manufacturer (Butler) should be utilized for this purpose. 
This
 
was also recommended in BRISC Report No. 35 dated August 31,
 
1984.
 

5.4 Damage topipe and Cable
 

Electra is repairing the affected parts and the trench between
 
the pl " 
building and the intake pump house is being sand-bedded
 
priot , re-installation of the 
same. Electra action has been
 
very appropriate in this regard.
 

5.5 Brown Water
 

Repair of the tanks corrosion, correction of product water PH and
 
reduction of water salinity should resolve this problem. 
When
 
new permeators are installed, the overall quality of the potable
 
water will be improved.
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5.6 Operation and Maintenance (O&M)
 

To maintain the quality of O&M, all new personnel hired must be
 
qualified and trained for the job. This is also true when a 
substitute operator takes over during the vacation of an
 
experienced operator. 
 If necessary, a training supervisor from
 
the U.S. should be contracted for this purpose.
 

All manufacturers' instructions must be adhered to at all times.
 
Strictest control of R.O. feedwater quality, adequate chemical
 
dosage, required cleaning and cartridge replacements must be
 
maintained. Cartridges should not be backwashed for reuse.
 

Managing spare parts purchase and stocking is also important. To
 
avoid costly air freights, preplanning is essential in this
 
regard. 
 The same holds true for the consumables, including che
micals.
 

Due to higher frequency of surface transportation between Europe
 
and Cape Verde, Electra should plan to buy spare parts from
 
European countries, whenever possible.
 

BRISC records indicate that there is a surplus uncommitted fund
 
of 
at least $38,000 from the AID project fund. The money will be
 
useful in procurement of additional services in helping Electra
 
in the O&M area. 
 Part of the fund may also be tsed for purchase
 
of spare parts.
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5.7 Overall Economics
 

The following major points are worthwhile to note for improvement
 
on the overall economics:
 

A) 	Installation of new permeators will improve product reco
very and quality. Unit production costs will be drasti
cally reduced.
 

B) 	Review the sales rate structure and upgrade rates to
 
increase revenue.
 

C) The power recovery trubine should be in 
use at all times.
 

D) 	Maintain diesel-generators to keep at their best effi
ciencies.
 

E) 	The program for installing a 4-inch line to Santa Maria
 
should be given a priority. The expanding hotel business
 
and other residental/commercial activities growing at
 
this southern town will result in 
a significant increase
 
in demand. At this time the sales quantities are signi
ficantly lower than projected.
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CAE V DESALIMATION AD POiWER(SAL) PROJECT 

PlOJrCID 0DE0SSALIIZADO E EMMIA DA ILHA DO SAL.- REPiSLICR 00 0o0 

EUIPMENT LIST - LISTA 005 I UIIPAI EIIS PIASE-I; SHEET I OF .j FMLI 

Identificatio INo. Partof Skid or Manufactuer DriveIMtor 

L i e t .E Equ p m et N o e E u ori pm$Izeat I l etl g Part. de Skid owPa r t o f S s t e S pp lI e r FeblicntN . Dr w l l. D I n-ode l 	 bg Dodos do ltbur 

NO. Linhm Ne do Equilpeamento Dodos do Elulpeemmio Parte do Slstge Foreecedo No. Madelo MD.Desela Dirigente 

2 	 3 4 5 6 7 

205 A, S. C 	 PRE-TREATFNT IP. 3om-
BOOST PUMPS SYSTEM 	 ORTHINGTOM 0034051 36/50 HZ 
I.- - -  - - - -. - - - -. - -E . A OV- - - - PO L E T RI C S -- TEF C 

DIEYRASFEROCIADONAS 	 170 G1172 F; zLISTEMA DE DIO223x2x8 
38.64./H; 52.41 	 PRE-TRATAMEMfO 7.4"D. IMP.

PRE-TREA171MT 
COAGULANT SKIDSYSTEM SYSTEM 	 POLTETRICS . -. . . . .	 . . . . . . . . . . . . .
 OLI M MT -O. . ICS - - - 0 OW5" 
SISTEVA DE IJ. CDOAGULANTE 7.6 m/m.. SISTEIA DE 

PRE-TRATMAET0O 

COAGULANT MIXERCOAGULANTTNK 	 217 SYSTEMSKID -/4 

TNQu. DE CAGULIATE 70 GALMOS SISTE)A DE INJ. TEFC
265 LI1TS 	 DEWDAGUL. 

COAULANT
OAGULANTINJECTION PUMPS 214 A, B SYSTEMSKID MILTON ADY 1/4 HP 
.. . .. . . .. .------------ . . . . POLUIETRICS 	 - - 220/1W5O HZBOMBASDE INJECCADDE OAGU.LANTE 2.33 CPH MAX. ..SISTEIA DE I", 5RI12-117

DE 0DAGUL. (FRAM-A-) 
PRE-TREATMENTROUGHING 	 232FILTERS A, a. C. D SYSTEM POLVIETRICS 


POLYETRICS -------- 004080 

FILTR8S PRIMMKIDS 90" a 60W SIDE 
 $ STEMA DE 

229tu x 152m H 	 PRE-RAT __________ _E__ _E 
25 HP. 3000 MBAOWASHPUMPS 	 262 A, 8 BAO(WISH. . . . . . . . . . . . . . . . . . .	 SYSTEM WOMRfINGTON 0034052 3801/3/50- - . . . . - . . - . . - . . . . . . . . . .-	 - - - - ..-- POLYMEIRICS -.. . . . . HZ..- TEFC, 1. 15 S.F. 

SMBAS I LAVAGEM SEE CO4MENTS SISTEMADE D-1022. 6x4x5 S.E, 220v/I
VER WMHENTARIO LAVAGE _ 6.ro. 	 IIM. A ECDDR 

BAOCWASHTAWK 255 	 BAOWASHSYSTEM 0034055.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--. POVNt ICS - -..-..-..-..--

TANQU DE LAVAGEM 10' ; 14'h ISTEA DELAVAGEM 

AIR BLOWER 	 248 AIR LOER SKID ROTSBLOER KI NG-KMIQIT 15 HP. 3000 1 a---------------------------------------------- POLIETRICS 3-3 /50 H-
' -TPRADORCFM, 8 PSI SISTENA DE277 3505 J A-3637-Ml TEFC 

2650 1MN 	 SOR.-.I 

iRISC V.O. 4850 

DE a R.z Feb. 3. 1913 
fBy: A.C. Date: June 28, 1982 

Opmrstlyq (asumbleslo m blvels Other meows) of TA Remrks 

Lubricest, - . . . -.. . Eq u lip metOthers Onilroe,) Nom(s) do slar lo 

Lubrlflceate Outros Equlpeaml" 

9 J 10 II 	 12 

- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

JADIAFLOE 573-C 
P04.- 2900 KWR 
ELECTRO- . . .-_ . . . .- -  . . . .- -  -  . . . _-- -
LA 

-P 

| 

FILL RE-
PLAEMET 100 PSI A4E CO0, RUSER-LIED 

...... . . -- -

TR0CR ;KGJ COI0 ASHE 

EEAETO 

800 V35 PSI &500 GPWV50PSI EAOI. . . . . . . . . . .. 	 - - -- -. . . . . . . . . . . . . . . .- ..-

BOMA3 DE 182m?/H; 2.46 KQ'€ 
CNTRA LAVAGEM 1|4 3

/H 3.5 KG/ CAM 

..-..-..-- ..-..-..-.......... -- --


COMMJDAEMTNQUE 0£ 

AIR SWOURL ERI .....................
 



_ _ 

-- - ---- - ---- - ----- - -------- 

_____ _______ 

CAPEVERDEDESALIMATIONANDPOWER(SAL) PR.1LC 
wISC M.O. 4850 

PROXECO DE DESSALINIZACAOE EEIIGIA DA JIM DO SA. - REPUBLICA W CABOVERDE 

EUIP ENT LIST - LISTA DOSEQUIPAI4NTOS; PHASE-I; S H:EET 2 or a; FOLHA 2 D I a ReV. Feb. 3 1 33 

I I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _B y t A .C . On t o : lan a 2 3 138

I Ia~ienti '-catim " 1" Operating Coedm ible TI I 
I L Ni. 

_ P.rtor Skid or I I Mwaturer I I MoivetorI Cosuomva INo. Equi ent t Rting Othr w(s) orth. RemsE Part of Sysatm I M o. Drwing No. I Data 
ISuppier ode!I I I or Size I Part. da Scid ou - -- -------- - EquipmetI .abrte.t. 

K2
I No. Linhal Mme. da 

J Dodo do Motor Lu.ricantl Othae I Outro(.) Nome(s) do I Comork l +Eqipmento Dodoado Equipmantoi Part, do Sias=il Fomnecador I No. Modato No. Osamiho Dirigmnte Lubrificuite Datroa Equipsawto 

I 3 I 4 IsI 5 1 6 7 9 lID 11 12PRE-TIREAflT 
F NE-
PoI2s7,AFALES I , B. C, 0 I SYSTEM POLIMETRICSI ------------ PLAaCE- -- ---.---- - - - - ---- --- ---

I I I NTI I IOOPSI AS COE RIBERLIND-- POL MTRICS I- ----.- - 00 079FILTROS SECWAROS I72x 6 SID E Is7IS'TEW DE I - I---- - - - - ------. . . ---- -------- ---sta 
2TROCARI FILTROS D PIo gsc.m COD-W A183 c- 152 cmH PRE-TRATAENTaI_ 

1CHLORIE c E(NA- D AAS 
HYPOCL OR ( MOO ) SEAA RITE ENERAT III I TIWoSYSTEM II EGLEMART (MAOTEmr ) 25 I2- -- I NOTFORPOTABLE2 -- WATER 
G - - - ---- POLVETRICSI-.ERDORD HIPOCLORI O -- -- ---- 00312S3.2 LBSHR I SISTIEMAD I I 51127 , (NIN,)-----------------------13 #15/ I ACM DO MAR1 I IeR -D~DO CLI J A P/A GJMP TAVEL 

I sI I -----_ II PRE-TREATMIE I I I I I 
I I 

STABILIZER I.. CT . . S . I . I sCoLEsrEING - ISYSTEM . . . . , I .. . .fzcs I I STABIL- I I POLYSTABILIZER S- 5I 3 I-----------------------------4----------4P~II IsrMA DEIM3ICCAODCESABILIZA0DR 7.6 L.Imn. I SISrEMA DC xji~cs- - - - - - ----4 oe zlR2950 LITROSI- -.. - - - - - - - - - - -A..NTE DC. S. .ESt .------- . 
_PrE-TAS TAL,NIO I"A- MIXER S-5POLYESTABILIZADIOR 

hSTABILIZER TANK *1 
I I 

33 SASTEM . - .-.- .....-...-.-.- I-.....-...---.-. - - ....-/I/ M 
? f1 MIP~I ----I ......-------. S NZN I 4 I . .. .I I TAMXEDEESABILIZYR 7 GALLONS IssE ,AI . .. . . .I ItEF ITI4~ ~~ ~ ~~~~6 

- I-

fi1 TROS jD0 ESTABILIZADOR I______ 
I STABILIZER I.XCTION PIMPS I 3Z7 A, * STABILIZERI i' - --I --- IINXCTIWE SYSTEM LNETR I ILT ROYP 

___ 

I --I 
I jBONBAS DE IKXCCAD DE ESTAILIZAlO SISTM DC INKCCAO - - . . . . . . . . I 5R1 - 2 V HI.. . . .. .. I#5_. . . . . . . . . IO. . . . . . . .. -- - -- - - -- jcSO I i . . . ... -I I _ _ _ LI I - - -- - 

. . . . . . . . I _ _ _ _ _ __ I S I[ IP RET ME I I 
_ _ _ _ _ _ I

IrI ECTION YSTEMII Iisu EN I ISYSTRM I I I su ItE I I9 K GIRS- ------ - --------- -- - - - - - -s - - -O - ---- --- 4P TRzcsI-- -- -4 I I --- ---------.. -5J05GDEBSLL1 ---SI51AD TO 7.6 d/amin. SISTEMADE

BIStlLrl E SLITO -IM3 KG/ANOPRE-TRAIA)ENTO 141XER 

BiSULFirE TANK I? I 
DO.SODID I l347 I I CTIEM SYSTEM7 - -- -- -- -- -- -- -- -- -- -- -- -- -- --- IHP4 -- -- - - - - -- POLRCS ----- -- 4 - I220V/1/5OsNZ - -- 4-TII UE DE BI SLFITo 

-- - ----- ---------------------I? I SSTEMA DEDM'IICCAl 
zu~r e ITcIBI ojDE si R.F 1 I -IT - I[ I 

NJECIEMPoPS I IKIECIION SYSTEMI- -.- -.-.-.-.-.- . - -------- 8 INCICT-8 . - -.-.--. . -S-I -0/-/o-- EM,- ------------------m- IHILTrON ROY 11/4 HP- I-I BOHAS ICIN.CCCAODCUI lsuLrTo 1 ISISTEMA o I5R12-17 I 
z I I I--- .. -+ - I11I I I - _ _.__I_ _ ID~C IstU.To .L I R I--A. I _I "__-- _______ -- I

I 
I 



- ---- -- -- -- -- -- --- -- -- -- -- -- ----
____ 

- ----- 

----

CAPE VERDEOESALIATIO ANDPO(ER (SAL) PR03ECI oauu w.u. 4. g 

PROXCIO DE DESSALINUACAE EMERGIADA ILHA 00 SAL- REPUBLICA 00 CABOWRDE 

EQUIPMENTLIST - LISTA DOSEQUIPAMNTOSgPMA-Ij SHUT 3 OF 8 F LM 3 DE 8 

By: A.C. 
Rov.z Feb. 3, 193 

Dete: .)uem 23, 1982 

SI~ No--------~---PoFSior I N t .rLine No. EquipmentNoen I Prt of Systm I Supli.r I Mdl No. I Nr.
I I I or Sir. I PetodeSdido~ l I Fr can, I 
I No. Lircal "can do Equipmnt I Dade do Equipmentoi Part. do Sitml ronce o I No. ,,delo No. D ,oII I I t 

__,____I_ i _ _ _ _ I ___ ____ I __t _ I I2 _ 3 4 [ 5 fI 
I PRE-Tr -ATENT 


I I CARTRIDGE 290 A, I SYSTEM I CA MU I
FILTERS 

I J- -- - -..- -.-.-.--------------------------- . m.Eezcs I- --- - -- 4003057 


FILTROS rE CARTUCHS I MICRON SISIA OE 2I09 CFRI5T 

iPRE-TRATAENTO 
-1-' 



ooSIS I R.o. UIT A, B. C SYSTEM I

1 2 1-- -- -- -- -- -- -- -- -- -- -- -- -- -- --


REVERSE SID 1.o. I IPOLYETRICS 
4- -- -- -- - -- POLETRXCS---- -- - - - -4EWTI POLIN DE OOSE REVERSA z220 /D. PROUCT SISTEA 0.1. I IIRAR 

__ _ __ __ _ __IACUA 00 PRODuCT0 ______ 

I I EMRANEIMOD IUESO I I IDONT 
A LS012 ;o )I N IN D O. . II 69 :5 

I I,, , -,,, ,I 
A, B, I I 

-- --,I- ------------- - - -- --- -- ------------ PERICS------- - S
I P.LIN OE. IA . ... . . . SISTENA 0.1. I I -1.15 

IPOERSCIU P09-TEINE I .. SISTER,-TUCPMEN 

H..PMS113A8, C IPOWERSKID I QUINTUPLEX IE 
__1_E 8 P LIN DCEERCIAI HP-25L

3CADA36.8 /S;631IC/c.2 I 1 
"x3-1/2A_ r2 , 

ENERGY TU NE 114 POWER -RECOVERY . A, B. C SKIDI . .... . . .l. . . 4o----- ------- I -----------------. .. . . .. .. . . I o, c,,R,,csI--.. .. ..---- oo-s 8 
TI.RWINAP/RECPERACAD DE E ERGIA 4 BePa I POLIN DE ENERCIA i 1.10.5.5/rERT 

------- ----- - --ID I V-u -TY-E-
*7.6 27.5 

I __________________________I I fLS AKI--t.-,c I 3
/hr A 59.8 KG/Ce 

2 

o - I I PO, ZSI 

7 - . . .--. FLS-.-A-.. .-... . . -.- -- --..- ,R I --..-. .-.-.. . .- -. . . .- 4 .BCPWR510Pc.1mETRICS 4 O,,M II 

I10 GALLONS IPOLIN DEENERGIA I I I 

I ICLEARING I IR.O.sysrx 9( SYSTEM I I POLYIEIETICS II - - - - - - -------------------------------- POLYEIRICS I- - - ---- 4005
I POLIN DESISTEMA DELI I ssTEA o.!. I I I 

I ______ _ I 

I Drive motor I Co.mu.ivee I Other N(e) orot Rearks I 
a.te - -------- 4 quipnt I

I De.o. do Motor LubrLe l I Other. I Outro(s) Nom(s) do Comantarlo I 
I Oirigenmte L, rtlica.te u Itrs .quipmItoI SI ' I 'I* 
I _ _ _ _ _ _ _ _ _ _ _ _II__ _ _
 
. T _ _ __ 11_ _ __11
1*gcaTwI°

I CARA l I EACH FILTER CNTAIS 19-30 LONG 
I REPLAC- MICRON I CARTRIDGS, POLYPROYLENEIFILTERS 1 

I - I I-Er I- -- - -.. -.---- I----------------
TROCAR ICADA FIL TRO C NcI.1POLY ,RoPZ-I 

I I I S LENO19 - 76.2 es CARTUCHOS 

I I REPLAC-I R.O. RACK SYSTEM I 1 OOLES PERSKID 

CIIDUIO DEoNWLWA 11 NO LOS PO CADAPOLIN I 

PEWATOR HOHLWFIBER I 
IPEAMEADO I i AoBRA 


I '' 
I 3oVI3I/0 SE I I PI-mT0R-TIMI S1 NOTO HAS 22OV/* SACE HEATER 
ITEcSV.OT. I --,------------ - - - --- - -4 

S.F. I PLISEMOT -..... I.OTOR 22Y.# AQE.TEM. .EDOR 

LIN 4 I.o. PiwSI _ _ _ 

VER LIHA BM .I 

_ _ _ __ _ 


' IRI POWER TURBINE WHEEL -EL--

i I . . -... . . .. - ... -- .lll . . . - .. ..--.I i e RR----R- - Ip-, M- En - I 
I RODAPELION 

I I *I I_ I 
-

I I - I 

I I SEE I I FORMALDYh, CITRIC ACID,I I U S EMBANE CLEANING ASMMOIUM HYDROXIDEREM I SYSTEMII - I I-vE ------- 4.- ......-.- - 4I- - - ---------
I sI BELD9UEZA TANIC NZYMEENErT- IsIsrEmA DE ACID DETERGENT 
I RIO ISEiRAMAS I I! IOs 

http:ITEcSV.OT
http:rtlica.te


------ ------ - ----------

CAPEVERE O(S4LINATION AMDPOWER(SA.) PRJcT &IISC M.O. 4850 

PROZETOCE DCSSM.INIZADAOE CIERGIA DA ILHA 00 SA. - EUEPBLICA00 CABOVERDE 

ESIIPMOET LIST - LISTA DOSEQUIPAMEMI)S; PHASE-I; S1EEf 4 0or 8 1 FOLHA 4 DE 8 HeW.1Feb. 3, 19163 

Jyt A.C. Dotez 28, 192 

Identiricati No.-I , jperating C. abl.I Part of Skid or aHnufacturer Drive Motor Cormm ives Other Ne,(s) of ti RemrksLine No. Equipmnt Nie EquLpen;t ting Part ofSt- I SUPlez I Nod.& No. Draing No. I I -t - -- ---- 4 Equim t II I or Size Part. de Skid ouI Fbr ient. I I De do Notorl Lu.ricanI Other I Out t() Nmke(*) do ICtarioI No. Linhal II.__ I Nome do Equipamnto I Da do Equipmentol Parts do Slatol Fonmecdor J No. obd-lo I No. Oeeuho Dirigete, 1[I. I _ _ _ _..__ Lutrlficmte Outrom Equipmuto_II Ii I I I _ _ _ _ . _ _ _ __o 

I I 2 3 4 I 6 I 7 .I I I io iIIIII I 12t I I 1I I 
CLEANINGTAN I39 ICLANING SSTEM I PL EI.tICS I IXER I I l- 1- - .. -T -2 I P ------- I- HPHP I I I--- 4 -I TItM DELIh'CZA I GALLO I SISTOMA I3@W/3O50 I - - IDELUeEZAI I I __ I.w I I I II I I__I' I1 1 
CARTRIDGE - CEANING SYST) I 35 CLEANINGFILTER C SYSTEM l P~WJ I I I LEANIN FILTER I 316 SSAS+E150 PSI.21-.- .- . . . ......- - ..."I +1 R-cs I . . .I I I - I----------I LTRO I n ----DE CA*TlUDCOS(SISTIMA 1DENICRON I SISTO4AEDCMLADE L 1U-3-V I I I ILIWEZA) I I I 7-iD ELEMENTS II I I-si I I I I II I I ' IT 'TD i57-25.. ca.CARTUCQ I 
c----------------------------III ____II I______I

SVsIE 
____I I ' 

1 
I 
J 

I
jj 

"I 
P,%-PYPROPYLEDj 

I+ 
Cmz I I 0122 I I 7.S mP I I I II CLEANIG MW CLEN
 

3 -- ..-.- ..-.-.-..-- --- ---- -.--4 - --- --- cs I- . ----. 4 I- z
l DE 
-

6 I SISTEMA DE LIPZ I I------------- ---------------us mwazFr" I3- x2-x6 tr l I I37.- 3/" 25HH 5.+-P Ii - I _ ___ I 
I HYPODLO.IIE IN3CCld SKID POLYNETRICS H CRETE IPOT-TREArENTI174 KD/YR.- - - - - - -------------- ------- 4--I I I- POLWMEtRICS----D I -
l I POLI, DESISTHMAE INXCCAO DE 10 /m,,. I PS-TRATAENTO I I I IHIPOO.ORITO 174 KDIA.I IDE CaLCmO I 
I I NPUCHO0RirE sc3uTiN TANK I 378 IIN ECT IO I IPD0Thuitcs INIEMIE I I5I -, - -.- - ------------------------------.- ETICS -/41W- ----. II ITAMNE Ds sroMDn I- ...-. - .......
DEtrrA IDcALns IPL INDSISENA I I N I 

I____jHIPOCRITO j265 LITROS jDE HIPOCLORITO _ _ ___LI2 /150UII 
I - I I m.IHPl :I I I Ii I m m z ,. r uPs I s . I ct ~ D I I H TO I I ,/ 

' I II jBOMSS DE l'4.ICCAO DEHIPOCRITO 12.33 GPHMAX P01KM13ESISTEMA I I I I15R 112-117IIIIII I . . . . . . . I 4 DE HIPRITO I PL It rR_ . , . . I. . .I . . . . .AX . 4 . . . . I m I . I Iln_ _ __lI "__I " I -I 

I * I - -.---- I-'-..-. .--. .-.-. . I .. . .. . I -.--.--.-- I I I------- I I .. . .. . I I• II I I I I - - - -----' I I I.I I1 II I ............ ......- I-...-------------------------------4 
 I I I I....... - .- . - . -----. . .
. .---
I I I I I I I I I . II ______I ____- I I__ I I. I. I__I_ __J____ I I I 
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CAPEVERDEDESALINAION ANCPOWER (SAL) PROJEC 
BRISC v.0. 4a5O 

PROJECTO DE DESSALINIZACAOE EMERGIADA ILA Do SAL - REIPUBLICADO CAW VERE 

MOUIPMENTLIST - LISTA DOS EQUIPMETOS; PHASE-I; SHEr 5 OF 8 . FLA S DE 8 

By: A.C. DwtwtFeb. 3. 1983

IId*I rictiaon.o I I I I I oer-nUng IscombleI I IParI of Skid rl nater Iwve

ILine No. I Er ipme tm.ss." 
' " Motor c alvel JoterOth me(.)or the I . ftPetor syet s I u,,pler I Node o. Dr-.g o.I I I or Size I Part. ds Scid aul I F",ric, te I OIu. I -. .. .. Equp-* I

INo. _ _ LinhelI _ Nme do Equi onto I Dade doEquipeeritol Part do Sist-,l Fr dor 
I Oudm do IttorI Lubricutl Other. OutroC()N-() do I 0 ontari I _ _ _ _ _ I I No. od ao No. ,,.. o Dirigente I L riflcs .utre Equip"entoI I* I ' I__ _ _ _-_ I 

I 2 A S 7 I f 9 12
I Is, I SEAWATERS IPY s I I I I DIESL GEERATMoI SEAWATER.INTI.. . . . . .B, C. . . . .S.E.M G I . 

II . . . 4----------°* I I "*' ON S -*-PSYST PUM SLANT FEED
I I -A-OA -I--O- --O-- - 

- ssr -AO-- Ij Im - - - -A-S -
 FRINEN O .
TASSIOM. DA. M.. D . .. U I.. . .. I---------ACUA. DO N .. 4IIooc111SS .. I~ :16M ENTUDASIA DoVA 319I . M. ESP.s-.l .HT .MATER I _._._________ IA OAS IAI- J~SEA SUPPLY -. 
... DIESEL... .. . ...I ABV E .. OISAE .4BA A DDED C ,______o-_ONCETRLIN . TANK___________

RANATER TANK SYSTEM I " K U. IE.L C I SOS. E S 
I ---..- .--..--.-.-.-z-.- . . .. .- .. .
I TANOIX EDC UeDO ------ ---. . . .-.--. 1JRS = GALS. SISTE OAD f . I o.OT - II I ..........-.- -- -
I TP' U- O NCa -o - --00 R I 

I7 MENT O AA 00MR,
ISORAG RESEROIR I I _ _
I LIVERY SYSTEM _o,ATR[M 'L, " I* IPO'A&EsAsrDC I 
013 I V MAIN STORAGETAI- BOLED TAKI 

I I II--------------------I RESERVATORD OE AGUR POTAVEL M3 SISTEMA 1 I IDE SRI-
I II AIRPORTo OL[VE j____M 

I RERVATIO PRINCIPAL TA.E C/PARAFUOS I _____ _____ _OL IIIPOTABLEWATERDE-I
POTABLE 3LIVERY PZWS AB LIVERY SYSTEM I I I IWATER 

I I 
3
IBO DE. OD A PO IAVEL.M .EMA. IE.. .. . I I

S. RI EN M . 75 ;117 M.SIS 
.. A.R.E POTAVEL I .I I E II I I I-III TRIBIJTNKPSYItESISTEIBULERBOLTEDI
-- -- -- -- -- -- - -- -- -- - --- -- -------- Ia
3 - - - ---- 8.0.110i77 TANKTANHE DE AGUA NOOaROanCURA 9M - -- -- -- -- -- -- -- - -- --1ISIEMADEDISrRI-l -- -- ----- -II II - III -ITAWiE C/PAAFUSOStBUICAODEAGlIA POTAVEL _ _ _ _ _ _ _ I If PORTABLE 0114WATER 

TANKc
AIRPORT ELEVATED TRIBUTION SYSTEMII BUTLER I. 
1g I 1 

61- -- -- BOLTEDTAW I-- - - - - I--- - - - - - 80.180736 
TANQEELEVAO NOAEROPORTO I 100M 1 SISEMA DEDISrRI-I 

TAM~E C/PARAFU S 
FUEL TAULOLOIL STRAGE SYSTEM BfUTLER 
 [-TEITN


ITANW E EmD EcOLEOanlauXSIEl 3I7M13 ISIEMADE OLEO IIII 
COMBGUST.__ TNQl C/PARAFUSOSI _ L_ II 

-
 -
 -
 -
 -I
 



--------- ---- ------ 

C IPEV E D SALI ATIO ANDPO R (SAL) P IRoXIc 
m ISC W.. 4850 

PRJECIO DE DSSALIIIZAAO E EWAIGIADAILIA 00 SAL - REPI.ICA WOCAC VERD 
UUI3PMENT LISTA DOS£QJIPAI(NIMV PHASE-II SHEET 6 01r8

LIST 
l NJFOUR 6 

Bp- A.C. Deter Feb. 3, 190
I T uidetirication] , to.I
I I 1 "1" I oa tlng rEnammblia I -L-----------I Part or Skid or I Manrctur.er I I otorLine o.J qulm., MDY. cou..miuu I ot,,.h a.(.) or uh Iem-l,
I i Eq m Rtig I Pat or syas SuIp.ir odel No. I Drang No. Dt.e - --.-.---- -.- -
I I or Size I art. do Skid oul rFbricnt" I Dodos doMotor 

-p - tI
Lubri.anI Othur OU () Nome(s) do omntwioINo. Linhal Pne do Equipenmto IDodos do Equi atol Parts do Sistes Forecidor 9 NO. Nmoi No. Do"ImI Dirigent. IILu*.rificants, Outros Equipmmonto 

zi 3 4 5 I 7
2 

T AIR a 101 11 912,fINS I 21)I • INTt ENT AIR COMRESSOR 18 cYm AISYSTEM IGEERSOL.L. 9SW. 380v NI-LBURICATE AIR-UL ED II ---- -- -- -- -- -- -- -- -- --II______________,__.________i___. .. JE.T.S 9.I -- -- -- -- - 4-- -- - - - 9-- --CORESS R D.A.PA R I. --.. , a - - - -- 437783I______s____ K __o_____+_'-'° 136. SM I9I .-4I . . . -- --+-- -- -- -- --DAR 9Ee .SIST.A I G.D .P. ao...I--- -- --. . -- . --. . .IFICA . .A..- '*--- ---+OR ERIA Wp0INSTR E.NTO_
~~~ISTRt1MENTAIR t91INsTIUM.t AIR RECIVER So CAL SYSTEM I IERS.L-A- l I IlII MT lGISss EI I I.. --------................- na I - I I-

INTEmRL WITH OMPRESSO,
I TANJEK ARP/INSTR1Ms II IDEIS T-I 9 LINSTRUME.TO 1 L IJut o oCm RESSm_

INSt.NT 

. . T AIR DRYER. .. I
INSTRI. .. SSTE .. 9KLTEDI -lI II. . . . . . . . . . . . . . . . . . I- - - - - - - - - -- - -------- , o ,I ISECADR KE ARP/INSTRURENTOS I ISIENA DEARKDE0 tI IINSTRUENTO I I ---------------------- TW-" I EVI~AR OR~. .. . .... .. ... 3.. . . I.. 1 1SO- m I O IAIIR---------iI-, I RURICRACASRVICEA..RESS R I TIom sm IIL--'-----------------------------------------4 17.I-,. 

I SW..RESS II-----I°'-'P" I ..... ..... RPM575-Il
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APPENDIX - B
 

CHRONOLOGY OF EVENTS
 

Al, 



CHRONOLOGY OF EVENTS
 

(Desalination-Equipment Problems)
 

o 
 Numerous telexes were sent to Polymetrics during February and
 
March, 1984 stating the.progressive corrosion problem with
 
the accumulators housing material.
 

o 
 A telex was sent to Polymetrics on April 13, 1984, stating
 
the breach of warranty and requesting their urgent corrrec
tive action.
 

o 
 On May 4, 1984 failed permeators were listed to be replaced
 
and requested Polymetrics to send their inspector to the
 
plant site. Polymetrics did not comply.
 

o 
 At the request of AID/GOCV, BRISC made an inspection trip to
 
site in May, 1984 and the trip report (Report No. 34) was
 
issued on June 15, .1984. Accumulator corrosion problem was
 
obvious and was severely affecting membrane performance.
 

o AID/Praia wrote to the bonding company on May 29, 
1984
 
enclosing GOCV communication dated April 4, 1984 requesting
 
holding the bond until Polymetrics corrects the equipment
 
problems. 
BRISC mailed a copy of Report No. 34 on June 20,
 
1984.
 

o 
 On June 20, 1984, Polymetric was again requested to make
 
good on the deficient components. The inspection report was
 
also sent.
 



0 

o 	 On July 3, 1984, Polymetrics telexed BRISC stating their 
intention of replacing the accumulators (with 316 SS). They
 
also planned to ship cleaning reagents followed by sending a
 
site representative for parts installation and membrane
 
cleaning.
 

Polymetrics-
 supplied cleaning chemicals arrived on SAL in
 
December, 1984.
 

D 	 Polymetrics - suppieu new accumulators arrived at site in
 
January, 1985.
 

Polymetrics field representative remained at site during the
 
second half of February through the first week of March,
 
1985. New accumulators were installed and membrane cleaning
 
was performed.
 

o 	 BRISC representative witnessed the performance test on March
 
5, 1985, 
 The performance results was still significantly
 
below the guaranteed values.
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APPENDIX - D
 

SELCTED REFERENCE DOCUMENTS
 



MEMBRANE WARRANTY
 

1. 	General
 

Polymetrics, Incorporated will provide the following
 

guarantees regarding DuPont PermasepTM permeators:
 

1) 	Materials and workmanship 'of each permeator.
 

2) 	Initial performance of each permeator.
 

3) 	Long-term performance of the Reverse Osmosis (RO) System
 
employing one or more permeators.
 

These guarantees are as described below.
 

2. 	Guarantee Date
 

The Guarantee Date is defined as the date of start-up of the
 
System, but in all events the Guarantee Date shall not be
 
later than one (1) year from the date of shipment of the
 
permeators from their original manufacturer.
 

3. 	Materials & Workmanship Guarantee
 

Each permeator is guaranteed to be free of defects in
 
materials and workmanship for a period of twelve (12) months
 
following the Guarantee Date.
 

The liability of Polymetrics under this guarantee is limited
 
to credit as defined in Paragraph 6 herein for permeators

requiring replacement, or is limited to the repair and
 
shipment to Purchaser of permeators requiring repair because
 
of defects in materials and workmanship.
 

4. 	Initial Performance Guarantee
 

Each permeator is guaranteed to meet initial permeate flow
 
rate and salt passage specifications under the standard test
 
conditions for that model permeator, as stated in Paragraph 11
 
herein. This guarantee extends to the date of plant start-up
 
or to twelve (12) months from the date of shipment of the
 
permeators, whichever occurs first. Permeators failing to
 
meet initial performance specifications upon testing at
 
Purchaser's plant must be reported to Polymetrics within
 
thirty (30) days after first detected deficiency. Polymetrics

will credit Purchaser, as provided in Paragraph 6 herein, for
 
permeators not meeting specifications.
 

Ji
 



5. Long-Term System Performance Guarantee
 

The System is guaranteed for I-re.-f5) years'following the
 
Guarantee Date to meet the design capacity using the initial
 
number of permeators provided with the system at the time of
 
start-up and to provide a salt passage not to exceed:
 

- one and one-half (1-1/2%) under the standard test conditions
 
for B-10 permeators and methods given in Paragraph 11 herein.
 

If either the design capacity or product quality of the System

is not being achieved within guarantee period, the Purchaser
 
should notify Polymetrics in writing, as soon as practicable,

after he concludes that the permeators rather than other
 
external factors are at fault. At the time of notification,

the Purchaser should provide sufficient operating data to show
 
that the system was operated in accordance with Paragraph 7
 
herein..
 

Following receipt of this data, Polymetrics will expedite the
 
analysis of the system performance.


fi
 

After verification by Polymetrics that subject permeators are
 
the cause of either design capacity or product quality not
 
being achieved, then Polymetribs shall advise Purchaser
 
whether he should either replace subject permeators with new
 
permeators or install additional new permeators to return the

System to design performance. Polymetrics will credit
 
Purchaser, as provided in Paragraph 6 herein, for permeators

replaced in or added to the system under this performance
 
guarantee.
 

6. Permeator Replacement
 

A. Permeator Credit
 

The Purchaser's liability for replacement and/or addition
 
rate for B-10 permeators will be no greater than 1% per

month, on a cumulative basis, of the number of permeators

initially specified by Polymetrics.
 

Polymetrics will provide, at no charge, all replacements

and/or additions required during the first year, and all
 
replacements and/or additions in excess of the guaranteed

cumulative maximum number of permeators required after
 
the first year.
 

Should the Purchaser decide to replace or install
 
additional permeators to return the System to design

capacity and product quality, as provided in Paragraph 5
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herein, credit will be issued to Purchaser's account in
 
accordance with the above terms subsequent to such
 
replacement or addition.
 

All permeator replacements or additions on a System, as
 
specified in this Paragraph 6, will be guaranteed for
 
materials and workmanship and initial performance for a
 
period of twelve (12) months from their date of shipment

and will be assigned the original Guarantee Date of the
 
System for long-term performance, regardless of when they
 
are installed on the System.
 

B. Freight Credit
 

In addition to the above credit for the permeator(s),

Polymetrics will credit Purchaser's account in an amount
 
equal to "minimum freight" from Purchaser's facility for
 
the return of permeator(s) found to be faulty as provided

in Paragraphs 3, 4 and 5 herein, provided Purchaser has
 
compiled with the requirements of Paragraph 10 herein.
 

7. Conditions of Guarantee
 

This guarantee by Polymetrics for the System is conditional
 
upon maintaining, at all times, the handling, storage,

.shipment and operation in accordance with guidelines and
 
conditions stated in the System Operating Manual, which will
 
include maintaining the following conditions:
 

B-10 

Maximum Silt Density Index (as 3.0
 
measured on feed manifold)
 

Maximum Residual Free chlorine (ppm)

(as measured on feed manifold)
 
pH greater than 8 0.00
 
pH less than 8 0.00
 

Maximum pH within permeators 9.0
 

Minimum pH within permeators 5.0
 

Maximum feed manifold pressure (psig)
 
for Feedwater Temperatures
 
Above 400C 0

350 c to 400C 0
 
350C 800

340C 800

330C 
 850
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320C 890 
310C 
300C29oC 

920 
940960 

280C 980 
5 to 27vc 1000 
Less than 50C 0 

Maximum shipping/storage 
temperature (oC) 40 

Minimum shipping/storage 
temperature (oC) 5 

The guidelines provided by Polymetrics for control of scaling

and fouling must be followed.
 

Any chemicals or procedures used for feedwater pretreatment,

cleaning, sanitizing or flushing operations which are not
 
included in the System Operating Manual must be approved in
 
writing,by Polymetrics prior to use.
 

The use of PT-A and PT-B treatment may be required to meet
 
and maintain performance specifiediin. Paragraphs 4 and 5
 
herein.
 

Damage caused by materials not originally reported in the

design feedwater analysis, or by detrimental effects caused
 
by changes in feedwater composition are not covered by this
 
guarantee.
 

Failure which can be attributed to unauthorized modification
 
to the permeator(s) voids this guarantee.
 

To effect the guarantee, the System must be registered within

00 ({ninety(90) days of the Guarantee Date. Polymetrics provides

0, " Registration Forms in the System Operating Manual for this
 

purpose. Immediately upon receipt by Polymetrics of the
 
completed Registration Forms, the guarantee will be effective
 
starting from the Guarantee Date.
 

In the course of the verification of cause of failure,

Polymetrics has the right to provide additional instructions
 
for operation and/or maintenance to remedy the System

deficiency or to request that Purchaser return the permeators

in question to Polymetrics for inspection. Polymetrics will
 
have the further right, in conjunction with the Purchaser, to
 
make all necessary and reasonable inspections and tests of
 
the system on the Purchaser's premises. This guarantee does
 
not apply to permeators which are inaccessible to Polymetrics

for examination. Polymetrics is not responsible for
 
maintaining System operation at any time.
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8. Special Guarantees
 

When special guarantees on product quality, capacity or
 
operating conditions not covered herein, are provided by

Polymetrics, then they will be set out in writing in the
 
proposal or in subsequent Polymetrics communications, and
 
must specifically state that such special guarantees are
 
incorporated as part of this guarantee.
 

9. Guarantee Services
 

A. Examination of Returned Permeators
 

All permeators returned for guarantee claim will be
 
examined by Polymetrics to determine the cause of
 
failure. Polymetrics will be responsible for its
 
examination costs for all such examinations where
 
liability for the permeator failure is Polymetrics'

responsibility. The Purchaser will be responsible for
 
costs incurred by Polymetrics in all such examinations
 
where the liability for the failure of the permeator is
 
not Polymetrics' responsibility. Following a iechanical
 
examination by Polymetrics, for which the costs will be
 
limited to $200.00 per permeator, if additional testing

is needed to determine failure cause, a cost estimate
 
for such work will be supplied by Polymetrics to the
 
Purchaser for his authorization before the work is
 
undertaken.
 

B. Field Investigation and Examinations
 

When it is necessary to make field investigations of
 
Purchaser complaints results in compensation to the
 
Purchaser under this guarantee, Polymetrics will be
 
responsible for its own costs. If the cause for such
 
investigations is due to the Purchaser's improper
 
installation or operation, Purchaser will pay to
 
Polymetrics the then current per diem Technical Service
 
Charge established by Polymetrics,. plus all living and
 
traveling expenses for Polymetrics' personnel
 
investigating the problems.
 

10. Returning Permeators
 

Permeators must not be returned to Polymetrics until a
 
Returned Merchandise Order (RMO), which is provided by

Polymetrics' Technical Service Department, is authorized.
 

Permeators returned to Polymetrics for guarantee examination
 
must be returned freight prepaid (Purchaser is to pay the
 
freight) with a RMO enclosed and must be suitably sanitized,
 
packaged and handled to protect the permeators from damage.
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1. 	Standard Test Conditions and Initial Performance
 
Specifications
 
The standard test conditions and performance specifications
 
are as follows:
 

B-Ib 

NaCl Test Solution TDS (mg/i) 30,000 

Solution Feed Pressure (psig) 800 

Solution Temperature (OC) 25 

Conversion (%) 30 

Permeate Flow Rate (US

Salt Passage %)1.5 

gpm) Last three digits 
of model number 
multiplied by 100 

vi vt 	 /b
 



I EMBASSY OF THE 
UNITED STATES OF AMERICA 

AGENCY FOR INTERNATIONAL DEVELOPMENT 
Praia, Cape Verde
 

United States Address 
 International Address 
Praia (I.D.) U.S.A.I.D. 
Department of State 
 C/o 	American Embassy
-Washington, D.C. 20520 
 B.P. 201
 

Praia, Cape Verde
 

May 	29, 1984
 

Polymetrics Contract No. Sal
 
4850-M-101


Mr. Jeffery A. Draper
 
Attorney-in-Fact

American Home Assurance Co.
 
3 Embarcadero Center, #
 
San 	FranciscoA Ca. 94111
 

*,, 
In respnse to your inquiry regarding the status of the
ymetr cs, Inc. in carrying out its contract covered by
9Bond No. 18922 issued by your company, the Government of Cape
Verde has sent its remarks dated May 21 and a telex dated
April 23, 1984 (see attached). 

A field report by Engineer Albino Ko, of AID's consulting
iiengineers, Burns and Roe, now being prepared, should spell out
4~ I 	the specific deficiencies of Polymetrics, and identify what
remains to be done. 

Sincerely yours,
 

Frank . Dimond 
Acting AID Rep
USAID/Praia 

cc: 	Anmet Chattopadyay
 
Glenn Slocum
 
Eurico Pascoal Almeida
 
William J. Gill
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Worldwide 

V'3. Bonding 

.American lnternationai Gompanies 
ON DEPARTMENI. 

Three Embarcadero Center* 
.;San'Francisco,-California 94111 
TEL: 415/445-2700 TELEX:340238 

Direct Dial: 415/445. 2643 

March 19, 1984 

Mr. William J. G:Lll, !Acting Chief 
U.S. IhTERNATIONAiL DEVELOPMENT COOPERATION AGENCY
AGENCY FOR INTEJ ATId!NAL DEVELOPMENT 
WASHINGTON. D.C. 2ro
 

RE: POLYMETRICS, INCORPORATED
 
CAPE VERDE PROJECT 
CONTRACT NO. SAL-4850-M-1O 
OUR BOND NO. 18922 

Dear Mr. 11.111 

For Bo.metime WE iiave oeen atrtmpting to determain whether the captioned contract-hadever been cbmpleted and in conjunction therewih whether whether the termsof the bond fuiished by -ourcompany had been satisfied. 

At-youz car.ies: convenience we would appreciate very much'your completing the
enclosed' Status Report with any .comments. concernini the Derformanp A4't-o,,
tract you -would. care to make. 

.vur atto- ,aaaatter v1Jieyery much eppreclated.. 

Very truly yo
 

ra
~ftrF1
rDefartment 

Enc: 1 

'IN NORTH AMERICA: American Home Assurance Company *Commerce and Industry Insurance Company of Canada National Urion Fire
Insurance Company of Pittsburgh, Pa. * The Insurance Company of the State of Pennsylyana OVERSEAS: American Internaional Underwriters 
30353 (12/BOi 



cc: 	PGO'Keefe-w/i
 
JPasquarel i'
 
AChatto-w/a
BRISC 	 AKoB SCpf 	 " 

J. Draper/w.att.
 
Subject: 	 Cape Verde Desalination & Power American Home
 

(SAL) Project Assurance
 
W. 0. 4850 - BRISC #560
 
Warranty Claim - Desalination Equipment
 

June 	20, 1984
 

Polymetrics, Inc.
 
1284 Forgewood Avenue
 
Sunnyvale, California 94089
 

Attention: 	 Ms. Sue Whiteside
 

RE: 	 Our Telex #531, dated February 10, 1984
 
Our Telex #540, dated March 16, 1984, Item B
 
Our Telex #545, dated March 28, 1984
 
Our Telex #551, dated April 13, 1984
 
Our letter #559, dated June 5, 1984
 

Dear 	Ms. Whiteside:
 

Further to our above referenced Telexes and subsequent telephone

conversations, we request your urgent action in replacing all parts

including permeators and other plant components as listed inAttachment
 
A to this letter. We have already requested replacement of the pulsation

dampeners per our letter #559, dated June 9, 1984, to which we have not
 
received any reply. As we mentioned in that letter, we condu:ted a site
 
inspection. We are enclosing for your reference one copy of the inspec
tion report providing further details with photographs of the equipment

problems.
 

We cannot over-emphasize the requirement of your expeditious action
 
since the problems with your equipment are continually aggravating and
 
seriously affecting plant production.
 

Kindly let us know by return mail or Telex the action you are taking

regarding the replacement items.
 

Very 	truly yours,
 

Amit 	Chattopadhyay, P.E.

AC:ac Project Manager
 
Attach.
 
cc: 	 A.Robalo/Electra
 

M.Ramos/ "
 
J.Snead/AID, Wash.
 
G.Slocum/AID, "
 
D.Bedford/Polymetrics
 

Burns and Roe Industrial Services Corporation 
50 Winters Avenue c Paramus, NewJersey 07652 c Tlephone. NJ (201) 265-2000 NY (212) 563.771" I 



ATTACHMENT A
 

1. 	 All thecorroded tees and accumulators body of the pulsation dam
peners shall be replaced with SS316L or other corrosion resistant
 
materials (such as aluminum-bronze as required for the HP pump
 
liquid end) according to the specification.
 

2. 	All corroded brine reject flexible pipes shall be replaced with
 
new ones. 
 (Material and test certification documents are
 
required.
 

3. 	The feedwater temperature controller shall be replaced with 50
 
Hertz rating.
 

4. 	All pressure transmitter to shutdown high pressure pump shall be 
replaced with signal 10 - 12 mA. 

b. 	Due to fouling, low productivity, low product water quality and
 
permeator damage, a total of twenty-six (26) permeators shall be
 
replaced immediately. The following are serial numbers of the
 
permeators to be replaced ineach train.
 

Train Permeator Rack Nos. Permeator Serial Nos.
 

A 
 1 8200298
 

2 
 8200076
 

3 8201136
 
4 8200088
 
5 8110313 

6 8201206 

7 8201196
 

8 8110383
 
10 
 8201295
 

11 	 8201183
 



Train Perneator Rack Nos. 


B 1 


2 

3 


4 


6 

7 


-9-


L1! 


L2 

-

Train Permeator Rack Nos. 


1 


3 


6 

8 


9' 


12+ 


,12
 

Pemeator Serial Nos.
 

8109205
 

8109558
 
8108262
 

8108992
 

8109173
 
8200520
 

8109718
 

8200082
 

8201191
 

3103759
 

Permeator Se-ial Nos.
 

8108781
 

8109431
 

8110953
 
8109608
 

8201269
 

8200083
 



c: 	PGO'Keefe
 
JPasquarel 1 i
 
TCKI emm 

tile
 

Subject: 	 Cape Verde Desalination & Power
 
(SAL) Project
 
W.Q. 4850; BRISC No. 536 
Corrections to Desalination Plant 
Deficiencies Required by Warranty
from Polymetrics - Bond No. 18922
 

May 7, 1984 

American International Companies

Bond Department 
3, Embarcadero Center
 
San Franciso, California 94111
 

Attention: Mr. ,Jeffrey A. Draper
 

Dear Mr. Draper:
 

Confirming our telephone conversation, I am forwarding for your

information one 
(1)copy each of the following documents, the contents
 
of which are self-expl-anatory:
 

1. BRISC letter No. 552 dated April 17, 1984, addressed to

Polymetrics, with a copy of Telex No. 551 dated April 13,
 
1984.
 

2. BRISC Telex No. 535 dated May 4, 1984.
 

Your attention to this matter will be appreciated.
 

Very truly yours,
 
,.i ,/ 	 r 

N 	 Amit Chattopadhyay, P. 
Project Manager

AC/sz
 
Enclosures
 

cc: A. Robalo
 
G. 	Slocum
 
J. Snead
 

"'".... 	 . "".T - .. "' , "" * . - "". . . . 

650 VAn,ers Avenue :i Paramus, New Jersey 07852 :j Te!ephone. INJ (201) 265-2CCO ";Y (212) 553-77CC 
Telex: 13-4223 

rI(	 Lezwr/ Y*f-i' 



34641 9 

MAY 	4p 1984 

POLY'ETRICS: ATTN: AR. PETER S.ITH/D. BEDFORD 

SUBJECT: CAPE VERDE DESAL EQUIP..AEVT 
W.O. 4850 - BRISC 535 

INFO RECEIVED FROM ELECTRA, SAL: 

1) 	 TWO VEWt FLEX HOSES WERE REC'D. ELECTRA IS SENDING TWO OLD 
FLEX PIPES AD FIVE PRESSURE TRANS ,IITTERS AMD RUPTURED DISCS 
DISCS TO POLY
 

2) 	 CLEANED TRAIN A WITH CITRIC 4. BIZ DETERGE..T AND PTB.
 
RESULTS IN OHMS: ,250, 750 17031 1130 703, 900, 3000,
 
1150 - 1300, 3250, 6501 DP: 1-1.1k 2-0*.7, 11-1.15, 12-1.15. 

3) 
BASED ON HIGH PRODUCT SALINITY IT APPEARS THE FOLLOWING
 
PERAEATORS FAILED, THEIR SERIAL NUMBERS ARE:
 

TRAIN A: 8200293, 8201136.1 8201196, 8201183
 
TRAIN 9: 8109205, 8108262, 8108749, 8110389, 
 231191
 
TRAIN C: 8110953, 8109608, 8200083.
 

4) 	 PERAEATOR SERIAL MJR. 8108749 WAS OPENED FOR CHANGIG 0-RIVG,
AS A NORMAL 4AINTENAMCE OPERATION. ELECTRA DIDN'T I JCREASE 
FEED PRESSURE WORKING Ar LOW TE.PERATURE BECAUSE THE FLEX 
HOSES WERE LEAKING AND THEY COULD'T HOLD HIGHER PRESSURE. 

5) 	 TRAIV B IS STILL STORED AWAITI:jG INSPECTION SINCE THE FLEX 
HOSE AND DISC RUPTURED ON LAST 4ARCH THAT CAUSED BENDIVG O
 
SST 	 FEED LINE AND PROBABLY SOM.E .4ORE SERIOUS PROBLE'4 IS 
OCCURRING. 
 WE BELIEVE THIS AND OTHER PROBLEMS (CORROSION OF 
PUMP INLET TEE, PUMP InTERNALS, FLEX HOSES, RUPTURE DISCS 
AND PERAEATOR DEGRADATION) ARE SUFFICIENT CAUSES REQUIRING 
POLY INSPECTION AS A PART OF WARRATY
 

441 T CHATTOPADHIYAY
 
BURS & ROE 

470737 POLYUSA
 
rAPI 	17 
3R 650 PARA
 
leo oo
 

L614EDT 0t35.20t 



cc: 	PGO'Keefe
 
JPasquarell 

MWCherry
 
ACFA
 

BRJSC 
Subject: Cape Verde Desalination and Power (SAL) Project
 

W.O. No. 4850; BRISC No. 552
 
Corrections to Desalination Plant Deficiencies
 

Required by 	Warranty
 

;pril 17, 1984
 

Polymetrics, Inc.
 
1005 Timothy Drive
 
San 	Jose, California 95133
 

Attention! 	Mr. Peter Smith
 
Manager, Projects
 

Dear Mr. Smith:
 

Attached isa confirmation copy of the telex we sent you last Friday,

April 13, 1984.
 

The 	contents of the telex are self-explanatory. We would like to add

that the end-of-one-year "deferred performance test" cannot be conducteduntil Polymetrics corrects the system to bring it to a full and satisfac
tory operating condition. 

Please advise us at your earliest convenience of your specific action
 
program to remedy all the deficiencies inthe desalination system.
 

Very truly yours,
 

Ami t Chattopadhyay,.1'.E. 
Project Manager


AC/sz
 
Enclosure: (1)
 

cc: Mr. D. Bedford - Polymetrics
G. Slocum/J. Snead/F. Dimond - AID, Washington, DC
 
M. Ramos/A. 	Robalo - Cape Verde
 

Bums and Roe Industrial Services Corporation 
650 Winters Avenue n Paramus, New Jersey 07652 a Telephone NJ (201) 265-2000 NY (212) 563-7700 

Telex- 13-4223 /,, 
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POLY SWJ 

41/13 /33 
TL4C 34~6411 
ATT~l: .VIR. PETER 3:11T*-r/A4R DEAn. BEDFORD 
C:0" AD/JAS*I. D.C.
 

ELECTRA/C OCTJ
 
VoO 4853; 3RISC '10. 551.; CAPE VJERDE DE3AL PLA'T 

WE~ '1A'E 3EEI ADVISED BY THIE GOVT OF CAPE %1'-RDE (GOC*V) T:fAT TlE 
FLEX<IBLE C01'IECTZOIS1a :iAVE 10OT PERFORAED TO K(EEP TiE DESALI*IATIOI 
PLAITT I'I OPERATIOIT *TOR T:-fE .*E.IBRA'YE ELE4E'JTS PROME' RELIABLE 11J 
:IAINJTAI'srI1G DTZSALIJ.ATED WA4TER QUIALITY. SI\ICE TH!E ABOVE 
DEFICIEICIE3, ANID SEVJElAL OT:i-?.R DEFICIEIJCIES- IICLJD1IG A33RAJATIj(f
CORRO-3IOI .01 MOIOZTREPEATEDCERTAI'J \D FAILURES OF? RJ?'ltP1S 
DISCS, ALL Or,-,!JTlED DTJRI'i3 THEi T'4M'E 401JT1.3 OF TRIAL'O-3ERATI0J 
PERIOD, OP RZQJESTED US TO \10TIFY YOU T'IAT THE 13ARATI 
BREAClED AID T'-IE-'f REIRZ POLY-IETRICS T6i)RSED( ElEarTiI13 
'41T{il S1IXTY CALETIDAR DA'fS. 

PLS A~'O'J,LE-DG2E VTTDArTYJI!3E US YOUR AZJTIO*%J 

A'I1T C;{ATTOAD'iYA' 

:3!R'15 % ROE 



E. I. DU PONT DE N1 IRS & COMPANY 
INCORMr..- -..) 

ShEET NO.- "PERMASEP" PRODUCTS - ROUTE 896, GLASGOW, DELAWARE 19711 PACKING LIST 

SHIP TO: ORDER NO. DATE 

,'('( : 1 , -
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__________,,_________ 
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APPENDIX E
 

WATER AND POWER
 
?RODUCTION/CONSUMPTION STATISTICS
 



EPRLSA POBLICA DE. EJ 1pICIDA E E AGUA DE CABO VERDE 
UDELMA2M DO SAL 

ESTATISTICA DE PRODUIO Z CONSUMO DE EERGIA E AGUA DURANTR0 ANO DE 198 

ENERGIA 

TRIM. PMDUQXO CONSUMO 

1a 

20 

30 

4Q 

SOMA: 

693 2o0 

67o 4oo 

716 80O 
782 128 

2.862 528 

DONESTICO 

130 300 
130 583 
171 538 
169 884 

602 305 

12 500 

4042 

2 010 

38 552 

flIDSTRIA 

198 350 
170 46 
175 100 
130 900 

674 796 

PTADOIUMINAQXO 
_______ _INTERNO 

48oo 

4o 800 
40800 

4o 8oo 

163 200 

DESS Ao 

147060 

177 981 

248 7oo 
236 096 

809 837 

GONSUMO 

4607 

4007 

4 352 

5 457 

18 423 

PEDAS 
NA 

162 081 

134 O8 

143 360 
18 691 

458 212 
RESUMO PRDDUcO 	 PALMEIRA- 2.687 895,6 KW-


STA MARIA- 174 629,4 KWH
 
AGUA 

TRIM. PR0DUQX0 CONSUMO
143 
M43
 

DOHESTICO 
 ESTADO INDUSTRIA FONT IARIO AUTOTANQUIE CONSU1O 

1 i6 34o 5313 105 3 438 4462Q 	 2.038 25419 591 7 226 100 5 095 
 3 347 
 1 800 3030 24o020 9 747 260 5 445 3 ,7221 	 1 476 322-024 
SOMA: 
 81 031 31.7o6 886 17 703 9130 8 289 11083 

Delegaglo da ELETRA 
no Sal, 2 de Abril"de 1985
 

OBS:
 

EXISTzNcIA 

IAL. 

0
 

8oo
 
600 

CONSUMO 
 PERDAS 

GRATUITOFIAL 

254 NSU"PERAS1 9o 
234 1 482 
260 2138 

1 021 8 Ol 



EVSRESA PYBLICA DE 'RICIDADE E AGUA DE CABO VENDE
 

ELEGTRA DELEGAQXO DO SAL
 

ESTATISTICA DE PRODUQXO B CONSUMO DE EIERGIA E AQUA DURANTE 0 AtO DE 1984 

Eii!MrvIA -VALOR D' C014TOS 

TRIM. PRODUqA1 	 UOlSwJO 
KW_-


DOESTICO FSTADO NDSTRIA ILUI-.aIAQKO DESSALINIIJ.Q31O CONSUI.K) PERDAS T2AT OBS:
MUMO 	 IN;TISM|0 NA IE 

35.041Q 	 1.243 125 1.686 


7: 1.771 185 1.976 	 3.932 

4.317
30 	 2.231 52 2.034 


40 2.500 168 1.83o 	 ____4.498
 

7.745 530 7.526 	 15-30 

P1O)DUCXO E CONSUMO DE AGUA - VAIDR CONTOS 

IDUS2ilik FONTMI2ARIO AUTOTANQUE "MTAL OBS:
TRIP. PRIDU(XO PAICUI1 AMlE 	 PTA.DO 

1.532
10 520 9 394 446 	 163 


234 2.056
2Q 716 9 662 435 


169 2,322
30 	 962 20 707 464 

2.158
4Q 1.186 50 485 229 	 208 


774 8.o68
1.574
3.384 88 2.248 




MRESA POBLIUA DE E:L-XCr _ ArIUJA DE CAWO 

BUT-M DEI-A X0D f,, 

ESTATITL.A DE r1 oDUg.o E CONSL.(, !)I EtIZrPIA U AfUA DUIWA1I;TE 

ENERGIA 

V -%ME* E.P. 

c0 ijo Dr. 198,. 

2Q 

Dom'estico 

12 5 .c 0 
527.848 lo4.43c 

.: ~~~ 465 

4Q05-12C125-8wc 

A:1~329.625 

Estudo Indfistria Ilumnagi Dessalinizag,'0 

,5.500 5.67,o 6.1)LA85.5Uo 32-73-3uO~ 

~ ~ . I1194 5,73 o~o155cU.E 
153.539 42.937 2C.-RCo0 163.020 

345.973 116.503 6 9.0;7. 44.8.'?10 

Qonsumo .ntern 

31 

14o-315 

14.24 

OO 
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ERF.sA PB CA DE rT mAE E AGUA DE CA-0O VERDE 

EL1CTRA - DELUGApO DO SAL 

FSTATISTICA DE PRODUgTO E CONSLM:O DE ENERGIA E AGUA DUPAUTE 0 A-1O DE 1983
 

ENERIA - VALOR M COTOS
 

TRIM. PRODUg-O 
 CONSUIRO 
DOI4X-STICO ESTA.0 INDOSTRIA IlUIt!(O DSALTJIIZAAO CONSULII PERDAS TOTAL OBS: 

PfBLIvA j ITERO NA IME
 
1Q 
 11#0 54 
 50 

20 

1 10
 
1.201 98 101 


2.399
30 
 971, 1.40 
 371 

2.750
 

40 1.385 1.535 
 472 
 3.390
 
SOYA: 
 :3.698 4.192 9,1&3 +87 

AGUA - VAMR E: CONTOS
 

TION. PRODUQ1O DOI.ESTIC0 ESTAWO 
 INDUSTRIA FONTR:IAI0 AUTOTANQUE TOTAL OBS: 
10 
 48  - 48 
 96
 
20 
 244 
 43 159 
 60 506
 
30 
 190 31I 112 
 286 128 S30
 
4Q 
 430 134 192 _97 
 128 1.281
 

SOMA: 912 248 
 347 89o 316 
 2.713
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PREVIS.O -INALITICA DE CARGA NAS 1ORAS DE PONTA NO PERTODO DE 1984-1994 N IA DO S.L, ItKJ,E IHDEiSSIDADE D! POTMICIA INSTALADA NA CENTRAL DA PAIMEWRA 

Ano Dessuai Espar- Palmel. Salmar Shell Aeropo Bairro Vila Hotel ovo Pedra Ipre- -l 

nizador gos ra to Novo e Santa Morabe- s Hotel Lume viston Kw KVA necess&

1984 1C0 

. .... 

150 60 200 300 

~~ 

250 40 

Mria_ I 

50 

--. 

80 

----

-

---

50 50 1330 1662 

ria, EVA 

2000 
1985 130 180 140 250 300 300 70 55 10 - 50 50 1615 2818 3000 
1986 160 200 180 20 300 300 75 60 n0 390 50 50 2025 2531 3000 
1987 180 220 19 250 350 320 80 65 230 350 60 50 2345 2931 4000 
1988 180 240 200 250 350 330 85 70 240 380 60 50 2358 2947 400ce 
L989 20 0 250 21o 250 4o 350 90 80 250 400 60 50 2590 32374500 

-

1990 
I-

200 
-

270 
-0 

220 
-59 

250 
-23 

400 
-4-0-0 

380 120 85 280 420 65 50 2740 342.5 45oo 
1991 250 28o 240 300 400 40o V- 90 300 450 70 80 3000 3750 45 

399228o300 260 300 450 420 150 100 350 500 70 80 3260 4075 5500 
- -1993 280 ------320 280 300 500 430 160 n10 350 510 80 80 3400 4)250 50o 

994[30 340 300 "O 500 450 180 120 4 o 520 80 80 
Nota:t . . A pot~ncit- neces ria a stalar 

* 
a 

. 
min 

, *I indi ada,
* * . ** 

e do nece .srio htverv e t uru m4 '1r 
.,,1%". e nos 75C WVA 


