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Design, Installation and Operation/Maintenance Training

For a Wind Powered Desalination System at Hurghada, Egypt
 

1.0 	 PROJECT DESCRIPTION
 

1.1 	 Background of the Renewable Energy Resources Field
 
Testing Project
 

The Government of Egypt herein referred as
to (GOE) and the
 

U.S. Agency for International Development (USAID) have initiated
 

a four year renewable energy resource field demonstration project
 

(REFT). The New and Renewable Energy Authority (NREA) and Louis
 

Berger International, inc. are leading a team of subcontractors
 

in the REFT project activities that encompass solar industrial
 

process heat, wind and photovoltaic system applications.
 

The ;pecific objectives of the GOE/USAID project are
 

twofold: (1) to demonscrate, analyze and evaluate the viability
 

of commercially available renewable energy technologies in Egypt,
 

(2) to establish the infrastructure necessary to ensure that
 

successful renewable technologies are available for widespread
 

use in-country. Three tasks are planned:
 

(1) Field Tests - Assessment of some selected renewable
 
energy systems/applications which could be suitable
 
for commercial use in Egypt; develop detailed engineer
ing design hardware specifications and system perform
ance requirements; prepare RFP packages for procuring
 
equipment; supervise the work 
 of hardware contractors;

and collect and evaluate data generated from the field
 
tests.
 



(2) Supporting Analysis 
 - Conduct technical, social,

financial, economic, and market 
 analysis of renewable
 
energy systems related to the field tests. a
Develop

computerized Renewable 
 Energy Information System

(REIS).
 

(3) Training - Improve the skills 
 of the GOE and the
 
private sector in evaluating renewable energy techno
logies, applications, economics and markets, and
 
provide technical assistance in systems design,

installation, operation and maintenance.
 

The field test task consists of a number of separate
 

renewable system application demonstrations. One wind system
 

field test is a demonstration 
 of a wind powered desalination
 

system at Hurghada along the Red Sea coast in Egypt.
 

1.2 summary of Bidder Requiremcnts
 

The contractor shall submit a proposal for the design,
 

purchase and installation of an instrumented wind powered
 

desalinatio., system at Hurghada, Egypt. The complete system
 

shall be capable of desalting seawater delivering 80 m3 of
 

potable water per day. The power system will use the nearby
 

11.0 KV grid 
 line as a back up but the operation mode will
 

demonstrate stand-alone operation using diesel as a back-up.
 

Hence adequate battery storage is envisioned. The proposal 
shall
 

also include training programs with appropriate classroom, field
 

and in-factory sessions including training materials and manuals,
 

for NREA engineers as well 
as local Egyptian operators of the
 

wind powered desalination plant and maintenance technicians.
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The contractor shall support operation of the system for a period
 

of two years after the system is accepted by the NREA.
 

The hardware shall be commercially available and proven by
 

reliable use in similar applications. Packaging and shipment
 

of all required hardware to Alexandria/Egypt shall be the
 

responsibility of the contractor. Transportation from Alexandria
 

to the Hurghada desalination plant site is also the responsibi

lity of the contractor. The NREA will assist with custom
 

clearance and arrangements for required construction or trans

portation permits, as needed.
 

The tender shall be made on a turn-key basis. The cont

ractor proposal shall define 
 in detail all site preparat.ion
 

procedures, specifications and interconnect requirements for
 

installation of the wind powered desalination 
 plant. All site
 

preparation, including the construction of intake beach well and
 

turbine tower foundations and access roads will be the respons

ibility of 
 thq NREA to contractor's drawings and specifications.
 

Purchase of transformers, switch gear and interconnect of wand
 

powered desalination plant to the Hurghada grid is the respons

ibility of the contractor who will also be responsible for
 

provision and erection of the water pipeline to the Marine
 

Institute water tanks as well as adequate potable storage 
tanks
 

at the field test site for water tanker loading. For each
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component offered, the tenderer 
 shall state in his offer the
 

exact type and model number. He shall also submit a complete set
 

of catalogues and drawings for each hardware item offered
 

indicating its detailed technical specifications. All hardware
 

offered shall be commercially available and proven by reliable
 

use in similar applications.
 

A list of components envisioned to be offered is included in
 

Appendix F. The Contractor shall complete to the best of his
 

ability these forms as applicable to components offered in his
 

bid.
 

The tenderer shall include in his offer 
 a preliminary
 

design; system layout drawing; functional schematic; system
 

electrical circuit diagram including the performance monitoring
 

instrumentation system; typical daily power 
 and load operating
 

curve for the wind turbines, back-up power source, battery, and
 

desalination plant; and maintenance requirements for 
 each major
 

equipment item. In addition the proposal should include details
 

of the installation design.
 

The Contractor shall also submit as a separate cost item
 

the construction of the beach well and wind tower foundation
 

although it is expected at 
 this time that this task will be
 

the responsibilty of the NREA.
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1.3 Description of the Wind Powered Desalination Plant Site
 

The location for this 
 wind powereO desalination pldnt is
 

a coastal strip of flat land 
 sandwitched between Red
the Sea
 

Shore and the Hurghada/Ras Ghareb Highway near the Marine
 

Biological 
Station in Hurghada, approximately 450 kilometers from
 

Cairo (Exhibit I and Appendix A).
 

The Marine Biological 
Station at Hurghada currently has 200
 

people living/working at its facilities. 
 Current water requirem

ents are approximately 25m3/day. 
 The station plan to extend its
 

size to 450 people within one year, resulting in increased
 

potable water requirements.
 

Potable water supply is presently provided by a 220 kilo

meter pipeline from the 
Nile River through Saffaga.
 

The Biological Station will be 
 the primary user of the
 

water produced by the desalination system. Its 
future require

ments will account for over 60% of 
the demand from the desalinat

ion system. The remaining 40% will be consumed by people living
 

and working in surrounding areas, such as the youth center, 

school and family recreation area located adjacent to the 

station. 
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1.4 Existing Energy System at Hurghada
 

All electricity currently used 
 by the Marine Institute is
 

purchased from the Canal Distribution Company (the EEA). Power
 

is produced at EEA's Hurghadn Generating Station by two 5MW gas
 

turbine, with 
a third 5MW unit as standby. Five year expansion
 

plans by EEA call for 15MW of installed primary capacity with 10
 

to 15MW of backup. Historical and projected load growth at the
 

Hurghada Generating Station is shown in Exhibit 2. 
Typical daily
 

load curve (March 20, 1986) 
is shown in Exhibit 3 which indicates
 

that peak power requirements on the local grid occur in the
 

evening.
 

The Marine Institute receives its power from EEA via 
an
 

11kV overhead transmission line. Power is stepped down to
 

380/220 volts by an 80kVA transformer located at the Biological
 

Station. EEA indicated that no spare capacity exists in 
the
 

transformer. 
 As a result, a separate transformer will be
 

required for connecting the wind turbines to 
the grid.
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1.5 Summary of Wind Resource at Hurghada
 

The primary source of data used
wind for the conceptual
 

design is the 1985-1986 Battelle data. The source of 
 these data
 

is a wind measurement tower (10 meters) installed in April 1985
 

adjacent to the Biological Station. Other available data,
 

collected in 1979, are provided by 
EEA. This second set of data
 

is most likely from the airport at Hurghada. The Battelle data
 

was collected using state-of-art anemometer equipment designed
 

specifically for 
evaluating wind energy applications.
 

The EEA data, on the other hand, was not recorded for the
 

purpose of wind resource assessment, but rather weather predict

ion. Exhibit 4 shows a comparison of the annual wind speed
 

frequency distribution for both sets of data. 
 The (1985-1986)
 

Battelle data shows a 
much better wind speed distribution than
 

the 1979 EEA data. The Battelle data will result in higher
 

predictions of wind turbine 
 energy output than if the 1979 EEA
 

data were used. According to the 1979 EEA data, 
the wind speed
 

in the Hurghada area averages 6.2 m/s 
at a 20 meter height, with
 

the wind direction predominantly from the northwest. 
 The
 

Battelle data, measured at the proposed 
 location of this Field
 

Test indicates an annual average wind speed of 6.2 m/s at 
a 10
 

meter height (6.8 m/s at a 20 meter 
 height), with the wind
 

direction from the northwest about 40% 
of the time.
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Exhibit 5 shows daily wind 
speed profiles for both September and
 

November 1985, the best and worst 
 wind resource months respec

tively. The curves represent typical days during these months.
 

Both curves indicate that wind speeds are highest during the late
 

morning and early afternoon hours and lowest in 
the late evening.
 

This means that sufficient battery storage and backup power
 

capacity must be available during the afternoon and evening to
 

supplement the wind power.
 

Detailed wind resource data for the Hurghada area for use 

by contractors in response to this request for proposal are 

preasented in Appendix B. 

1.6 Water Chemistry Data
 

The Seawater Desalination plant shall provide 80cu.m/day of
 

potable water. Feedwater will be provided from a beach well to
 

be drilled at the Field Test site. A water analysis for seawater
 

at Hurghada isprovided in Appendix E. Water analysis for sea
 

water at Zafarana, a town 200 Km north of Hurghada, is 
also
 

given to show possible variations in Red Sea water salinity.
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2.0 WIND POWERED DESALINATION PLANT SYSTEM DESIGN
 

2.1 	 Schedule for Wind Powered Desalination Plant Design
 

Within 14-days after contract award, the Contractor shall
 

submit a schedule for design manufacture, factory testing,
 

transporation, installation, start-up and 
 acceptance testing of
 

the proposed wind powered desalination plant for NREA/USAID
 

review. The schedule for design will be approved in writing (or
 

an alternate recommended) by the Contracting Officer within
 

14-days of receipt in Cairo. The Contractor shall complete a
 

preliminary design within 30-days of notification by NREA/USAID
 

of the design schedule approval. As a minimum, the preliminary
 

design for the wind powered desalination plant shall include:
 

(1) 	an illustration of the wind 
powered desalination
 

plant equipment and layout
 

(2) 	a functional block diagram
 

(3) 	a description with specifications of all major
 
kassemblies and sub-assemblies
 

(4) 	wiring diagrams and schematics as appropriate to
 
understand the installation and operation of the
 
wind powered desalination plant and its control
 
system
 

(5) 	site preparation requirements and foundation
 
specifications and drawings as 
well as specificat
ions, dimensions and location of intake beach 
well
 

(6) 	tables listing equipment supplied and equipment
 
required but not supplied
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(7) 	a schematic and equipment list (including

technical specifications) for the desalination
 
plant and for the interconnect of the wind
 
turbines to the Hurghada grid
 

(8) 	a detailed description of the data acquisition
 
sy stein
 

This design shall be reviewed by NREA/USAID and/or its
 

authorized representative and approval to proceed given before
 

the initiation of system fabrication as outlined below.
 

2.2 	 Design Reviews
 

The NREA/USAID, or its authcrized representative, shall
 

have the right to review drawings and specifications pertaining
 

to the design of the wind powered desalination plant and its
 

components. Submission of 
 the drawings and specifications for
 

review and the completion of the review will be in accordance
 

with the "Schedule for wind powered desalination plant design"
 

(Section 2.1) submitted by the Contractor and approved by the
 

NREA/USAID. The NREA/USAID 
 shall have the right to require
 

modifications to the designs for specified 
 cause, namely: for
 

minimum safety, prevention of harm to personnel and the environ

ment, prevention of significant harm to property or equipment,
 

meeting of minimum specifications, or jeopardy of Hurghada Marine
 

Station operations. Included will be the review of the design of
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etectricai generation and water production facilities and their
 

interconnecting systems. The NPEA/USAID shall have the right to
 

require modification to design as it deems necessary for 
proper
 

operation of the wind power system in parallel with EEA power
 

system and for disconnect of the wind power system in the 
event
 

of power outages of either the existing power system or the wind
 

power system.
 

The Concracting Officer, or authorized representative,
 

shall have the right to be present during the time of major
 

component or system performance testing at the point of manufact

ure. 
 The Contractor shall notify the Contracting Officer of the
 

date, time and location of such tests at least 10 
days prior to
 

testing. Written results 
of the tests shall be supplied to the
 

Contracting Officer within two 
weeks of completion.
 

2.3 General Design Requirements
 

The wind "powered desalination plant design shall conform to
 

acceptable commercial 
and standard U.S. industry practice with
 

all equipment sited and 
 sized for efficient and functional use.
 

The American Wind Energy Association standards shall be used as
 

a guideline. Operating and maintenance personnel safety shall
 

be an integral part of the system design. All 
proposed equipment
 

shall be commercially available and of demonstrated reliability
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(see Section 4.2); the use of prototype or one-of-a-kind hardware
 

is not acceptable. A minimum operational 
lifetime expectancy of
 

25 years in the local Egyptian environment is required except
 

for 
the battery system which may be designed for a 10 year life
 

based on one charge/discharge 
 cycle per day and the reverse
 

osmosis membranes which may be designed for a 
minimum of 5 year
 

life under design condition. All hardware is to be treated 
to
 

withstand the environmental conditions specified in Section 4.4.
 

2.4 Technical Design Requirements
 

2.4.1 Wind Power System Sizing
 

The Contractor shall size the wind power system 
 based on
 

the measured Hurghada wind resource characteristics given in
 

Appendix B. Power generated will be fed to the desalination
 

plant to produce 80 cu.m/day of drinking 
water and excess power
 

will be fed to the existing EEA grid distribution system at 11.0
 

K.V. The wind power 
 system sizing must satisfy the following
 

design constraints or the contractor must clearly state noncomp

liance with specific constraints and explain why the noncomp

liance should be acceptable to the NREA/USAID.
 

Total Capacity 200 KW - 220 KW
 
Preferred Unit Size 
 50 KW (approximately)

Minimum Survival 54 meters/second
 

(averaged over a period
 
of 15 minutes)
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2.4.2 Battery Storage Sizing
 

The Contractor shall 
size the Battery Storage for a Wind/
 

Diesel/Battery stand alone operation. 
 Lead acid deep cycle
 

batteries, sealed 
or vented are desired. They could be supplied
 

with recombination caps and an easy 
 method of determining
 

electrolyte level. The proposal shall describe battery operation
 

including required equalization periods and duration and any
 

special procedures for operation 
in high temperature environment.
 

2.4.3 Desalination System Sizing
 

The desalination plant shall include all necessary
 

equipment to provide the required 80 cu.m/day of potable water
 

of a quality meeting 
 the World Health Organization (WHO) stand

ards and of not more than 500 ppm salinity. RO membranes must
 

be chosen that can accommodate the operating pressures required
 

to desalt 48,000 ppm of TDS feed water while still performing in
 

an efficient manner at the lower salinity levels.
 

The proposal shall include the provision of water treatment
 

equipment which may be necessary to produce quality drinking
 

water and to minimize the level of maintenance of the RO unit.
 

The proposal should clearly describe any water treatment require

ments including needed chemical treatment and disposal of any
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residues. The system should be equipped with appropriate 

apparatus for the determination of the Silt Density Index at 

appropriate points of the system. 

2.4.4 Control System Design
 

The wind energy conversion system sball employ fail-safe
 

controls to protect the rotor From overspeeding in winds greater
 

than its rated speed. The control system shall also provide for
 

automatic starting when the 
 wind speed drops below the cut-out
 

value. A manual control for shutting the machine down to
 

allow for system maintenance and repair shall be a part of the
 

control system.
 

The control system has to be designed to simulate Wind/
 

Diesel/Battery stand-alone 
 system operation. This will take
 

into consideration required conditions 
 of optimal operation of
 

the diesel.
 

2.4.5 Grid Stability
 

The design and operation of the wind power system must
 

cause no instability to the existing Hurghada's electrical 
grid
 

system. The tolerances shown in Sections 2.4.5.1 
must be met at
 

19
 



all times 
 when the wind turbines are coming on or off-line. Any
 

instabilities caused by 
the wind turbines will be treated as
 

failure to deliver power per Section 4.1.
 

2.4.5.1 Electrical Tolerances
 

The following tolerances must be met to deliver power of
 

acceptable quality:
 

o Frequency: 50 Hertz + 0.5%
 

o Voitage: 380 Volts + 10 Volts 

o Power Factor: Maximum of 0.8 lagging 

o Harmonics: Maximum of 3% of the fundamental
 

EMI characteristics of 
the wind turbines will conform to
 

general standards established for the California wind farms.
 

The Contractor at his own expense will 
correct any EMI levels
 

found unacceptable at any time during construction or operations.
 

Rotor blades must be constructed of wood or fiberglass. No
 

metal blades are acceptable.
 

2.4.5.2 Electrical Interface
 

Although the grid is used 
as a back up to the Wind/Battery
 

power system, its operation should simulate thnt of 
a Diesel
 

Generator. Power flow 
to and from the grid should be recorded.
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All electrical connectors and terminals including slip
 

rings must 
 have high resistance to temperature, dust, and
 

corrosion. Other equipment such 
 as lightning arrestors, ana
 

safety features (breakers, fuse, etc.) must be compatible with
 

EEA electrical codes and be located it 
ground level for easy 

operation and maintenance. The contractor shall furnish and 

install all required equipment to configure the wind power system 

for electrical interconnect to the. existing grid distribution 

system at 11.0 K.V. and to insure personnel safety. Such
 

equipment shall include, but not be limited to, 
 relays, meters,
 

power circuit breakers, cables, power transformer, sychronizers
 

and any control and/or protective devices.
 

Connections to the Grid their
and instrumentation will be
 

such that separate measurements will be made for the KWH flow
 

to 
and from the system as well as duration of the flow in each
 

direction.
 

2.4.6 Additional Equipment
 

o 	 Inverter (if proposed)
 

If inverter(s) are to be supplied they must
 

conform to U.S. industry standards or equivalent
 

and have a demonstrated reliable field performance
 

history. Operating procedures should be simple
 

and clear. NREA/USAID or their representatives
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reserves the option to request and to witness full 

load testing of the inverter prior to shipment. 

Documentation of past experience with proposed 

inverters is required. 

0 Battery Charger/Rectifier 

A commercially available battery charger/rectifier 

is required so that the battery bank can be 

charged adequately. 

0 On-Site Data Acquisition System (0 DAS) 

An ODAS shall be designed, purchased and installed 

by the Contractor as specified in Section 5 of 

this Statement of Work 

0 Tools 

A set of tools and 

trouble shoot usual 

,utilizing the spare 

provided. 

instruments necessary to 

problems and make repairs 

parts supplied shall be 

o Energy Recovery System 

An Energy Recovery System shall 

the Desalination Plant which will 

stored in the brine discharge. 

be provided for 

use the energy 
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2.5 

o Water Storage Tank
 

An elevated water storage tank (elevation to be
 

determined by contractor) capable of holding 24-


Hour Production of potable water will be provided
 

by the contractor with the necessary piping and
 

valves. In addition piping from the 
 reverse
 

osmosis plait to the existing storage tank will be
 

provided by the contractor including necessary
 

valves.
 

2.4.7 Building(s)
 

Modified shipping containers or prefabricated build

ing(s) shall be supplied by the tenderer and be of size to permit
 

housing and maintenance of the desalination system, battery
 

banks, power conditioning system, control system and spare parts
 

as well as office space for the operators and classroom training.
 

The building 
shoild be provided with adequate ventilation.
 

Proof of Performance
 

The NREA/USIAD and/or its appointed representatives
 

reserve the right to witness the inspectation and performance
 

tests for all hardware equipment at the manufacturer's (or
 

Contractor's) facilities 
 prior to shipment. The Contractor
 

shall provide 30 days notice of performance testing for compon

ents. As mentioned under section 2.4.3 and the Power
2.4.6 
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Control System and Inverter, if supplied, shall be required to 

undergo full load testing prior to shipment. The proposal 

should address this issue by explaining what tests will be 

preformed 
to assure field and reliable operational performance
 

of components prior to shipment. 
 This testing is the responsib

ility of the Contractor. It may be witnessed by NREA/USAID or
 

appointed representatives.
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3.0 WIND POWERED DESALINATION PLANT INSTALLATION
 

3.1 Plan and Schedule for Construction
 

Within two weeks of NREA/USAID approval of the design c
 

the wind powered desalination plant the Contractor shall submi
 

a "Plan and Schedule for Construction" to the Contractin
 

Officers for approval. The plan s.iall identify any specia
 

needs such as specialized equipment, etc. The Contractin
 

Officer will approve the Plan/Schedule, or recommend change
 

required for approval within two weeks 
of receipt in Cairo. Al
 

construction work shall be completed and the wind powere
 

desalination plant shall be operational within 30 days 
 o
 

completion by NREA of site preparation activities and notifica
 

tion to the Contractor that the wind powered desalination plan
 

hardware is at Hurghada.
 

The NREA/USAID, and/or 
 an authorized representative
 

reserves the right to perijdically inspect all phases of thi
 

work while in progress or after completion of the whole or an
 

part thereof to insure that 
the work is performed in compliancl
 

with the terms of the contract. If NREA/USAID determines thai
 

the work is not performed in accordance with the specifications
 

they reserve the right to 
require that the work be corrected o1
 

deficiencies or be redone if corrections cannot be made accept

able or are too extensive to economically correct. Any part of
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the work that is redone shall be at the Contractor's expense.
 

All work related shall 
be available at all times for examination
 

by the NREA/USAiD Contracting Officer. The Contractor shall
 

provide all necessary fdcilities for such inspection during
 

contractors regular woring hours, if necessary. Ic should be
 

clearly understood that such inspection 
 shall not constitute
 

acceptance by the Contracting Officer of any part of the work.
 

but will be for the purpose of coordination and assistance in
 

interpretation of specifications aned 
technical i-quirements.
 

3.2 Site Planning and Construction
 

It is envisioned at this time that all site preparation
 

including the construction of 
 intake beach well and turbine
 

tower foundations and access roads will be the 
responsibility of
 

the NREA based on Contractor's drawings and specifications.
 

Soil boring data was collected in June, 1996 by a consulting
 

company for the 
 NREA. Soil data was collected at the site
 

of the Wind Pow'er Pasalination Plant. Two standard penetration
 

test (SPT) borings were conducted. Each SPT boring was termin

ated at a depth of 10.45m - 14m. Representative soil samples
 

were analysed to obtain descriptions of existing soil strata.
 

A detailed report is provided in appendix C.
 

A site grading plan shall be provided by the contractor
 

within 10 weeks of the contract award as part of the Preliminary
 

Design.
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Installation of utility lines and/or conduit 
 pipes to the
 

point of connection to the existing lines, including all trans

formations fi-om distribution to utilization of power and water as
 

may be required, will be the responsibility of the contractor.
 

The contractor shall furnish all material, complete required 

excavation work and make the final connections, under the 

supervision of GOE engineers. 

Within one month of 
 system acceptance and commencement of
 

water production (see Section 7), the Contractor shall 
 enter all
 

changes and corrections to the original wind powered desalination
 

plant during installation on the original tracings. Changes and
 

corrections so entered shall be indicated by a lettered circle,
 

and noted as "As-Built" in the revision. In the case where 
no
 

revisions or corrections 
to an individual drawing were necessary,
 

the notation "As-Built-No Changes" shall be made directly below
 

the revision block. Where several manufacturers' brands, types
 

or classes 
of items listed have been used in'the project, the
 

specific areas 
 where each item was used shall be designated.
 

Designations shall 
be keyed to the area and space designations
 

on the contract drawings. Information shall be furnished,
 

typewritten, for the listed materials. 
 Copies of the "As-built"
 

draw;ngs shall be given to the Contracting Officer.
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3.3 

The Contractor is encouraged 
 to uie local Egyptian labor
 

and In-country fabrication of subsystems 
 whenever possible.
 

Low-cost fabrication 
 techniques should be emphasized. The
 

proposal shall 
discuss the extent to which the proposed system
 

can be constructed and installed by local labor using local
 

materials should the system be replicated elsewhere in Egypt.
 

The contractor shall indicate where this approach has been 
taken
 

with this or 
similar equipment in other developing countries.
 

Drilling of the Beach Well
 

NREA will drill a beach well, if required, based on
 

contractor's specifications. The contractor may oversee the
 

drilling operations.
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4.0 OPERATION AND MAINTENANCE
 

4.1 Schedule of Energy Production
 

The Contractor shall include in the proposal "Initial
an 


Energy Production Plan and Schedule." This document shall
 

contain, but is not necessarily limited to, monthly projections
 

for twelve months of electrical power generation from the wind
 

power system based 
on the wind data in Appendix B. A complete
 

description of how these projections were computed, including
 

descriptions of any computer models is
used, required. Input
 

parameters to any model shall be given including turbine power
 

curves and tables of power output and energy 
 production. Tables
 

should be presented as output parameter values versus wind speed
 

in one meter/second 
 increments. Operating characteristics
 

(cut-in, cut-out, rated velocities, etc.) for the turbine used
 

to estimate the power production should also be iicluded. In
 

addition, a table of 
expected daily energy production (kWh)
 

versus 10 minLMtes concurrent average wind speed is required for
 

performance verification and system test acceptance Section 7).
 

Planned scheduled outages during the upcoming year and
 

planned c,.anges in equipment, control mode, or operation charact

eristics significantly impacting the energy production of
 

the wind 
 power system and affect water output from the desalina

tion system will be given, if applicable. The wind power system
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shall be operated with all the appropriate protective apparatus
 

in service whenever any of the wind generators are connected to,
 

or are operated in parallel with, the base electrical system.
 

The wind power system and its protective apparatus shall be
 

operated and maintained in accordance with applicable standards
 

and engineering practices, including, but not 
limited to, control
 

of line synchronization, 
 voltage, power factor, frequency, and
 

harmonic content to meet the specifications outlined in Section
 

2.4.5.
 

4.2.0 Wind Powered Desalination Plant availability
 

A 90" availability must be 
previously demonstrated for the
 

proposed equipment in conditions similar to those in Section 4.4
 

for a period of at least 6-months. Ease of maintenance and
 

repair should be a priority consideration in the wind powered
 

desalination system design.
 

4,2.1 Schedule of Water Production
 

The proposal shall include information showing very clearly
 

the effect the
on unit output capacity due to changes on the 

inlet water chemistry and in particular the Silt Density Index 

and Total Desolved Solids. These have to be illustrated in 

tables and graphs. 
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4.3 Guarantee/Spare Parts Requirements
 

The contractor shall provide at least a two-year guarantee
 

on all parts from the time 
of NREA/USAID system acceptance. An
 

option for a 5-year guarantee shall be included as a separately
 

costed option, The contractor shall separately cost an itemized
 

list of 
 spare parts that should be purchased by NREA/USAID and
 

made available to insure trouble-free operation (90% availa

bility) for five years. Any specialized, custom manufact

ured tools, equipment or instrumentation required for operation
 

and maintenance of the wind powered desalination plant shall be
 

specified and provided by the contractor.
 

4.4 Environmental/Climatic Conditions
 

The contractor shall unequivocally state in the proposal
 

that 
the prorosed wind powered desalination plant will operate
 

as specified below. The contractor shall describe in detail
 

measures that would be 
 taken 
to protect all hardware installed
 

in an environment of airborne 
 dust and sand and salt spray
 

typical of near-shore applications. The contractor shall
 

describe measures 
to protect hardware in an environment that has
 

caused moderate 
 to severe corrosion to unprotected and simple
 

galvanized metals. All 
parts shall be certified to withstand
 

these conditions for this life expectancy.
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Wind
 

The wind turbine shall operate in wind speeds from any

direction greater than the specified cut-in windspeed and
 
less than 
 the cut-out wind speed for the turbines proposed,

The turbine and 
tower shall be capable of withstanding wind 
speeds of up to 54 meters/second averaged over a period of 
15 minutes. 

Temperature Range 

Ambient air tpcrature raiye of -5 to 55 degrees 
centigrade. 

Humidity 

Up to 95%. 

Other 

Protection of wiring and/or tubing from desert 
rodents.
 

4.5 Operations Support
 

The contractor is required to provide technical support of
 

the operation of the system for 
a period of 2-years after system
 

acceptance by NREA/USAID. The contractor's proposal shall
 

describe the level of support offered, 
 the procedures for
 

management and control of the technical support and related
 

support issues such as availability of spare parts, anticipated
 

response time 
to a request for support, etc. This technical
 

support shall be costed 
as a separate cost item in the contract

or's cost proposal.
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5.0 PERFORMANCE MONITORING
 

5.1 Field Test Data Acquisition System
 

The contractor will provide an on-site data 
acquisition
 

system (ODAS) for monitoring the performance of hardware install

ed for this field test. This requirement is in addition to any
 

other requirement for system control instrumentation and instru

mentation necessary for routine test and maintenance checks as
 

specified in Sections 2.4.2 and 4.3 of this 
statement-of-work.
 

The ODAS will comply with the specificdtions listed in
 

Appendix D. of this statement-of-work and will monitor, as a
 

minimum, the data parameters listed in Appendix D. 
The contract

or will provide output ports and transducers to sample and
 

measure each data parameter as specified in Appendix D. and to
 

insure compatibility with the data 
storage system proposed.
 

The contractor will also 
 provide a separate meteorological
 

station which 
,will have its own data recording system that is
 

compatible with the ODAS.
 

If an exception must be taken to any of 
these instrumenta

tion requirements, the Contractor will 
clearly note the exception
 

and explain why the exception should be acceptable to the
 

NREA/USAID.
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5.2 ODAS Installation and Training
 

The contractor will install 
 the ODAS at the same time that
 

the field test 
 hardware is being installed. Training for
 

Egyptian engineers 
 and t.chnicians in the installation and
 

operation of the 
ODAS will be included in the on-the-job training
 

program described in Section 6 of 
this statement-of-work.
 

The DAS instrumentation 
 and installation shall be a
 

separate item in the cost proposal 
 for this field test. The
 

NREA/USAID reserves the right 
 to replace or modify the proposed
 

ODAS during contract negotiation if required to maximize compat

ibility with other data collection, analysis and storage require

ments of the REFT Project.
 

5.3 Log Sheets/Maintenance Records
 

The contractor shall develop, as part of the proposal, a 

log sheet of pertinent data that should be manually recorded on 

each major subsystem to document operations and maintenance 

history. The recommended frequency for maintenance of each item
 

shall be stated. These logs/records should comply with the
 

specifications outlined in Section 8. 
 In addition, the
 

Contractor shall include 
 in the proposal maintenance records
 

(including cost 
 of parts and labor) of proposed equipment
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installed in similar wind powered desalination plants, if
 

available, as an example of actual maintenance history for this
 

type of equipment.
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6.0 TRAINING REQUIREMENTS
 

The Contractor 
 is required to support the operation of the
 

wind powered desalination 
 plant by Egyptian engineers and
 

technicians for a period of two 
years after system acceptance by
 

the NREA/USAID.
 

In addition, a series of 
training programs will be developed
 

and presented by the contractor for this project. 
 These training
 

programs fall 
into three general areas; classroom training in
 

Cairo, in-factory training in the U.S. 
and on-the-job training at
 

Hurghada, Egypt. 
 Training sessions and materials vary in content
 

and presentation from informal "one-on-one" type instruction 
to
 

more formal group "lectures and workshops". The sections below
 

describe the training requirements 
in as much detail as possible
 

at this time. The proposed traininq program must be 
flexible
 

enough to conform with the inevitable changes and revisions in
 

the wind powered desalination plant 
 field test as the project
 

proceeds. All training sessions will 
be conducted in English and
 

all materials will be written in English and Arabic.
 

6.1 Operator Training Program
 

The contractor is required to operate 
 the wind powered
 

desalination plant for an acceptance testing period of 30 
days
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after the wind powered desalination plant is designated as
 

operational by NREA/USAID (see 
Section 7). This activity shall
 

be accomplished by contractor
on-site personnel. During the
 

acceptance testing time 
 period, the contractor will provide
 

a training program in Hurghada and 
Cairo in the operation of the
 

wind powered desalination plant to selected operating personnel.
 

The operations program shall consist of 
 a minimum of 20 hours
 

of classroom training and 
 80 hours of on-the-job (OJT) field
 

training.
 

As part of this proposal, the Contractor shall develop a
 

syllabus that briefly summarizes topics and content of the
 

classroom design 
 training program. It is assumed that the OJT
 

field training will consist 
 of selected Egyptian personnel
 

accompanying the contractor personnel during 
 normal daily
 

operational tasks. The contractor 
 shall briefly describe, as
 

part of this proposal, the itinerary of wind powered desalination 

plant personnel on an average day. The itinerary should take 

into account the demonstration nature of this field test, i.e., 

the wind powered desalination may be more carefully instrumented 

and monitored than the average U.S. "operational" wind Powered
 

desalination plant and Egyptian 
 engineers and technicians must
 

understand 
the function and operation of any specialized equip

ment and in-trumentation.
 

37
 



6.2 Maintenance Training Program
 

During the 30-day acceptance testing operation of the wind
 

powered desalination plant by the contractor, the contractor
 

shall provide on-the-job (OJT) training programs for maintenance
 

of the wind powered desalination plant to selected Egyptian
 

maintenance personnel. The 
OJT maintenance program shall consist
 

of a minimum of 20 hours of classroom training and 140 hours of
 

field training.
 

As part of this proposal, the contractor shall develop 
a
 

syllabus that briefly summarizes topics and content of the
 

classroom maintenance training program. 
 It is assumed that the
 

field 
 training will consist of selected Egyptian personnel
 

accompanying the contractor personnel during normal daily
 

maintenance tasks. The contractor shall 
 briefly describe, as
 

part of this proposal, the of wind powered
itinerary desalination
 

plant maintenance personnel on an average day.
 

6.3 In-Factory Training Program
 

The contractor is required 
to provide a training program on
 

the Hurghada wind powered desalination plant design methodology
 

and results. The training program be
will conducted in the
 

contractors facilities 
 for selected Egyptian engineers and
 

authorized representatives (approximately 2 
to 4 personnel) for
 

38
 



approximately 2 weeks. An additional 
part of this in-factory
 

program will be a tour of the contractor's facility and the
 

opportunity for visiting Egyptian engineers to observe U.S. 

turbine manufacturing procedures and factory tests on subsystem 

and system components. The factory visit and training program 

will be completed over a period of 21 to 30 days. All the
 

personal expenses for the visiting engineers are the responsi

bility of NREA/USAID. As part of this 
 proposal, the contractor
 

shall develop a syllabus for the in-factory conceptual design
 

classroom training program and a suggested itinerary for the
 

visit.
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7.0 SYSTEM ACCEPTANCE TEST CRITERIA
 

As stated in Section 6.1, the contractor is required to
 

operate the wind powered desalination plant with on-site person

nel for an acceptance testing period of 30 
days after it is
 

designated operational by NREA/USAID. This designation will be
 

based on the contractor's certification that The wind turbines,
 

reverse osmosis desalination system and control system are
 

operational 
 and the NREA/USAID's certification that the inter

connect with the existing grid is completed. The contractor
 

must demonstrate a 90 percent availability for the wind power
 

system and reverse osmosis desalination system over any continu

ous 14 day period within the 30 day acceptance testing period of
 

performance. If the water production for the period is lower
 

than that specified, the contractor must demonstrate, to the
 

satisfaction of NREA/USAID and/or 
 its authorized representative,
 

that the reason for the lower water production was the wind
 

resource over the period of time and not the fault of 
the wind
 

turbines and reserve osmosis plant or the control 
system. The
 

energy and water production will be measured by the ODAS supplied
 

by the Contractor as described in Appendix D.
 

In addition, daily energy production for each turbine 
as
 

recorded by 
 the ODAS during the continuous 14 day period must be
 

no less than 90% of the manufacturers performance data provided
 

in the proposal 
 in the "Initial Energy Production Plan and
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Schedule" (Section 4.1). The performance comparison will be
 

based on measured average daily wind speed for 
 each applicable
 

day during the 30 day performance period. A curve such as that
 

shown in Exhibit 6 will be used 
to compare the manufacturer's
 

performance specification for each turbine 
 with the measured
 

power production.
 

The Contractor shall 
fully document any and all operating
 

and maintenanca activities that occur during the 30 days accept

ance testing period of 
 performance and submit a report to the 

Contracting Officer within 30 days of the completion of the 

system acceptance test. 
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8.0 	 WIND POWERED DESALINATION PLANT OPERATIONS AND MAINTENANCE
 
MANUALS
 

The 	 Contractor 
 shall provide a manual prepared to the
 

minimum content listed below. The 
 manual is to be used for
 

operation, maintenance and logistic support of 
 the wind powered
 

desalination plant. 
 The manual shall be delivered to ?JREA/USAID
 

for review at least 
 30 days prior to arrival of equipment in
 

Egypt. All manuals shall be in English with emergency instruct

ions written in both English and Arabic. Manuals will 
be
 

revised as 
needed and a final set submitted not later than 30
 

days after completion of the 
30 day testing period. The minimum
 

requirements for the manual shall include 
 chapters on the
 

following subjects:
 

1) 	 System Description
 

This chapter shall include but not be limited to the
 

following: 

o 	 a full page composite illustration of the wind powered
 
desalination plant equipment and layout.
 

0 	 Illustrations calling 
 out the major assemblies and
 
sub-assemblies.
 

o 	 A comprehensive description of 
 the type of equipment
 
and its purpose.
 

o 	 A function block diagram.
 

o 	 Tables listing equipment supplies and equipment
 
required but not supplied, if any.
 

Tables of technical, environmental and physical charac
teristics, as appropriate.
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2) System Installation
 

Tlis chapter shall include:
 

0 Information on unpacking and proper location of
 
equipment. 

0 	 Interconnections and initial pre-operational adjust
men ts. 

o 	 Details of cables and ground requirements and cable 
fabrication (as applicable). 

o 	 Waveforms of voltage at significant points in the 
system circuity. 

o 	 Pressures., temperatures, water and brine quantities. 

3) 	 System Operation
 

This chapter shall include:
 

0 Step-by-step procedures for starting, operating and
 
stopping the equipment.
 

0 Meter readings and/or results expected from properly
 
adjusted and operated equipment.
 

0 Tables and illustrations calling out all operational

control and indicators and their functions (all refer
ences to controls and 
indicators throughout the manual
 
shall follow these designations).
 

4) 	 Principals (or Theory) of Operation
 

This 	chapter shall include:
 

0 	 A functional description features, a complete explanat
ion block diagram.
 

0 	 For complex mechanical features, a complete explanation

uv!ng block diagram, exploded views or cutaway
 
dtdwings.
 

0 	 Major assemblies broken into individual circuits,
 
accompanied by complete circuit analysis keyed to
 
simplified schematic.
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o Brief description of conventional circuits. 



6) 	 Parts List
 

The 
 parts list shall consist of a tabulation of
 

descriptive data on all electrical 
components or vendor mechani

cal conponents in 
the equipment. All parts shall be sufficiently
 

described to implement reorder/replacement. The parts list shall
 

contain at least the 
following information:
 

(a) 	Reference designation
 

(b) 	Name and description of part
 

(c) 	True Manufacturer's code and part number (and list of
 
manufacturer's codes and addresses)
 

(d) 	Quantity
 

7) Drawings
 

In addition to drawings previously specified, 
 the following
 

shall be included:
 

(a) 	Schematic diagrams of individual major components,
 

printed wiring boards and/cr the completed equipment
 

(b) 	Logic diagra~is
 

(c) 	Intefconnection diagrams
 

(d) 	cabling diagrams
 

(e) 	Wiring diagrams
 

(f) 	Piping diagrams
 

(g) 	Dimensional drawings 
 of all important components with
 
material specifications
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9.0 SPECIAL PROVISIONS
 

9.1 Egyptian New and Renewable Energy Authority
 

The GOE shall make avjilable to the Contractor, for use in
 

connection with and under the 
terms of this Contract, the NREA
 

property agreed to 
 during contract negotiations and described
 

as Government-Furnished Property. 
 The schedule dates for the
 

services to be furnished by the Contractor under this Contract
 

are based upon the expectation that Government Furnished Property
 

suitable for intended 
use will be delivered to the Contractor in
 

sufficient time 
 to enable Lhe Contractor to meet such schedule
 

dates. In event that Government-Furnished Property is received
 

by the Contractor in a condition not suitable 
for the intended
 

use, the Contractor shall, upon receipt thereof, notify the
 

Contracting Officer of 
such fact and, as directed by the Cont

racting Officer, effect or
repairs modifications at Government
 

expense. The shall
GOE not be liable to suit for breach of
 

contract by reason of any delay 
 in delivery of Government-Furn

ished Property or delivery such
of property in a condition not
 

suitable for its intended use.
 

Title to all property furnished by the GOE for use in the
 

performance of this Contract shall remain the
in Government. In
 

consideration for the Contractor's 
 use of GOE property, the
 

Contractor shall maintain and 
 administer, in accordance with
 

sound industrial practice, 
 a program for the utilization,
 

47
 



maintenance, repair, protection and preservation of Government 

property so as to assure its full availability and usefulness 

for the performance of this contract. The contractor shall take
 

all reasonable steps to comply with all appropriate directions
 

or instructions which the Contracting Officer may prescribe as
 

reasonably necessary for the protection for the Government
 

property. The contractor shall promptly report any loss, theft,
 

misuse, or material damage to the GOE property to the Contracting
 

Officer. Use of GOE property shall be returned to 
the Government
 

at that time, or earlier if the property is no longer heeded.
 

9.2 Site Access and Local Labor Provision
 

Employees and representatives of the Contractor and person

nel conducting business with the Contractor relating to this
 

Contract, will be granted a revocable permit to enter Hurghada
 

for the purpose of installation, operation, and/or maintenance of
 

the facilities, and equipment providing electrical 
 energy and
 

drinking water under this Contract. Access to and movement
 

within this area are subject to restrictions and provisions of
 

the security instruction in effect.
 

It is the Contractor's responsibility to maintain satisfact

ory labor relations with employees. Representatives of the
 

Contracting Officer will riot participate in labor relations
 

matters unless disputes develop that interfere with the proper
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performance of the 
contract at which time the representative may
 

endeavor to 
assist in settling the difficulty. The contractor
 

is encouraged to hire local 
labor whenever possible.
 

9.3 Protection of the Environment and Personnel
 

During all operations, all GOE and local 
environmental and
 

labor requirements shall be rigorously observed. 
 The GOE will
 

retain the right to suspend any operation judged to present an
 

imminent threat to the environment or personnel, or a violation
 

of applicable libor laws and regulations or natural resources
 

management agreements, af'er giving 
notice to the Contractor.
 

9.4 Public Release Information
 

There shall be no public release of information or photo

graphs concerning the aspects of 
 this Contract without prior
 

written approval of the Government of Egypt.
 

9.5 Pre-Award Survey
 

The NREA/USAID may make a pre-award survey of 
the facilities
 

of any apparently successful 
 bidder to determine whether or not
 

such bidder is adequately qualified perform the
to requirements
 

of any Contract that may be awarded on the basis of this
 

specification. Investigation may conducted determine
be to 
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that the contractor does regularly engage in 
the performance of
 

the type covered by the specification and has a satisfactory
 

record of performance in this The bidder is
field. required to
 

submit information, as 
 well as any other related material,
 

requested by NREA/USAID audit agencies during the course of the
 

pre-award survey.
 

9.6 Minimum Proposal Requirements
 

The contractor is required to 
submit as part of the proposal
 

the following:
 

0 Organization Chart. Show the 
organization for accomp
lishing and managing the project. Explain briefly the
 
responsibilities of each element shown 
on the organiza
tional chart. Identify key personnel by name in each

element and submit their curriculum vitae (resumes).

Show the lines of authority within the organization.

If important portions of the project are to be sub
contracted (e.g., design of the system), identify 
the

subcontracted function, the 
 subcontractor(s), the
 
subcontractor's key personnel, 
 and which elements of
 
the organization will manage the subcontract(s).
 

0 Key Rersonnel and Resumes 
 Provide resumes of key

personnel, including those of the 
subcontractor(s). Be
 
explicit in identifying past training and experience of

each individual which qualifies him/her for the
 
position to be held in the organization.
 

0 Staffing Plan Indicate the type and epproximate

number of-skilled personnel required in each element of
 
the organization State
chart. whether or not the

required personnel are available within 
the organizat
ion. If not, comment on the availability of needed
 
skilled personnel within the labor force 
 and outline a
 
schedule and plan for recruitement and/or training.
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o Related Experience For 
 each of the categories of
 
experience below, list and describe projects or
 
contracts which have provided your firm or 
that of your

proposed subcontractor 
 with ' related, qualifying

experience. The descriptions should include: (1)

dates during which the work was accomplished; (2) the
 
scope and price of the total 
project or contract; (3)

statement of what portion of the total project or
 
contract was accomplished by your firm, i.e., an

explicit description of the responsibilities or role of
 
your firm; (4, financing arrangements; (5) reference;

(6) approximate payment for your service.
 

0 Construction Projects 
 List and discuss projects or
 
contracts providing experience in the construction of

facilities, particularly those using wind for desalina
tion.
 

0 	Operation and Maintenance of Wind Powered Desalination
 
System List and discuss projects or contracts
 
prov ding experience in the operation aid/or mainten
ance of Wind Powered Desalination system. For each of

the items listed, state which of the following funct
ions were the responsibility of your firm;
 

(a) start-up of facilities;
 

(b) operation of facilities;
 

(c) routine maintenance;
 

(d) periodic overhaul of facilities
 

Also, state what type of facilities here included; (e)

windturbines; (f) contrcls; (9) electrical switchgear

and protection equipment (h) reverse 
 osmosis system;

(i) other. If 
 "other" is listed, please identify or
 
explain.
 

9.7 Post-Award Site Visit
 

Upon contract award, winning contractor personnel are
 

expected to inspect the 
 wind powered desalination plant site 
to
 

satisfy themselves as 
to all general and local conditions that
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may 	 affect the design and installation of the wind powered
 

desalination plant NREA/USAID, 
 and/or authorized representative
 

personnpl will be available at 
tnat time for detailed discussions
 

prior to initiation by the contractor of detailed wind powered
 

desalination plant design which 
 must be completed within 1.0
 

weeks of contract award (see Section 2.1)
 

9.8 	 Summary of Deliverables
 

!1) Contract Documentition Schedule
 

ACTIVITY 
 WEEKS AFTER DURATION(WEEKS)
 
CONTRACT OF ACTIVITY
 
AWARDED 1/
 

(a) Schedule for wind Powered
 
Desalination Plant System Design.. 2 
 2
 

(b) NREA/USAID Approval for Wind
 
Powered Desalination Plant System
 
Design ........................... 52
 

(c) Plan and Schedule for Construc
tion ............................. 8 2 

(d) Wind Powered Desal i nation Plant 
Grading Plan, Foundations and 
Intake Beach Well Design ar:d 
Specifications ................... 10 

(Part of Prelim. 
Design) 

(e) Preliminary Design Complete ...... 10 4 

(f) NREA/USAID Design Review Complete
(Authorization to proceed) ....... 13 2 

(g) Written Results of Component/ Within 2 weeks of 
Subsystem In-Factory Testing ..... test completion 
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(h) Wind Powered Desalination Plant Draft: at least 30 days

Operation & Maintenance Manual .... prior to arrival of
 

equipment in Egypt. 

Final: within 4 weeks of 
system acceptance. 

(i) Unscheduled Maintenance 
Reports ....................... 

As required 
unscheduled 

to document 
maintenance 

throughout the 2-year 
support period. 

(2) Contract Hardware Installation Schedule
 

(a) Site Preparation Complete, Hardware
 
Delivered to Site ....................... Day 0 (D)2/
 

(b) Construction Completed, Wind Power
 
System Interconnected with the grid

and RO Unit ............................. 
D+30 days (30 days)
 

(c) System Acceptance Test Complete ......... D+60 days (60 days)
 

(d) Final System Drawings and System
 
Operations & Maintenance Manual
 
Submitted ............................... 
D+90 days(90 days)
 

1/ In this schedule, one week 
 is allowed for transmittal and

receipt of documents mailed 
 from either the United States or
 
Cairo.
 

2/ Contractor to state in his 
 offer time needed to deliver
 
hardware to the site from date of contract signing.
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APPENDIX A
 

SCHEMATIC LAYOUT OF WIND POWERED
 

DESALINATION PLANT
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APPENDIX B
 

WIND CHARACTERISTIC DATA FOR HURGHADA, EGYPT
 

FROM APRIL 1985 THROUGH lARCH 1986
 

(Ref.: Battelle Pacific Northwest Laboratories and NREA)
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7 5.7 5.1 5.3 5.9 7.A 5 5.3 5.1 7.5 7.4 1.4 4.4 S.J 4 5 4 4 S.3 5.4 S.3 5.8 1.9 4.8 4.9 4.9 5.5 5.7 
8 8.i 5.4 4.7 4.5 6.5 5. S 5.4 4. 7.5 7,d .5 6.7 5.7 1 5.3 43 48 5.7 6.8 4.4 4.8 5.7 S.8 ,.3 5.7 

9 8.3 .5.9 8.3 2.2 456 2.7 3 5 2.5 2.: 4.4 5 5 3.2 4.2 1.- 47 5.2 5.; 5.4 5.4 3.15 3 5 5.8 8.1 8.3 4.5 
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.1 7.7 5.9 4.7 4.7 4 4 4 3 3.7 3,. 4 : 4 8 3 8 2.2 2.8 224 1 : ' 23 21 3 3 7 3.1 4.5 4.5 3.8 

.14 5.4 4 8 51. 5 a .3. 2.1 2 7 3 1 3 ''' .22.7 I 8 . 4.1 2.2 1.2 1.3 3. 32 
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4475 7 4.3 45i4.2 4..3', 2'22215 914431.13.8 75 0 3 24.4 11.7 11.7 13.55.180.3 
5 	 1 S.9 4,7 7.6 1.,' 5.92446 .25.234488d95 3 37 4 512 :i391!.a5.14.485.9 

'4 5.2. 1 3 5.7 52 4A3 383 2.7 4 5 4.4 28 4 4 3T S5 ~ 7 3 2 3 4.1 2.J 1.5 6.9 3.9 
7 3.4 4 2 . 4 32 3.2 2 '.. 2.3 2 3.9 37 4 1 4 7 4 4.: 
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57 4.5 2.1 8 8 3.7 

.3 4 d 4 1 4.2 4.5 2. 2 3.1 1.2 S.5 75 7.7 7.48 4 4 7 4,S " 4 5 6 . 7.6 3.713.4 11.812.3 5.9 
1.8 . .3 4.3 14 S 12.311.412. . 1' " ' . . . 7 7.1 1.5 5.128.42 221. 1.S4 ' .2 :2 5 23 
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7 5.3 8.0 5.3 :8.1 7.4 59 1,g 5.7 7.3 7.8 72 5 5 7'1 - 1.8 2.5 1.9 8.3 2.8 2.2 5.3 

,4 2.8 2.3 1.2 1.7 1.1 2.5 .I .1 4 5 1 3 7 2 3 2 I . :3 2 48 2 9 9.5 8.8 3.9 2.2 8.1 

5S.: 3 e 2 48 S.! 45 .9 3.3 13 .2 53 S 4 5 6 8 e 7-2 1. 7.9 7.8 5.3 45 5.5 
7 . 244 .2 8 71.1:.: 285 3.2 1.5 3.7 ;.2 3. 2,.3 7 :33 ,'J. 9.7 7.9 S.8 5.5 9.1 

'53 .3.38 42 1 .; 1,1 7.7 ,4 5.4 .1 7 .3 .2 4.1 4.253.95.41.7 

8 3 ."4 3. S.1 S.. 5.3 4 3 4.2 3 3 2.4 2.28 .9 1 7.3 2.2 2.s 4.4 3.1 3. 3.7 
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ILA4.EC577 WAYISas 19WAQ. 58%1OA796/S) 
267 : 2 ]3 2 51 9 1 1 121:49 : : ? ;3: 2 21 22 23 :4 A
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'A7 d 7 8 8 a8 12. 12 1.3 14 I5 18 17 18 12 23 21 22 2l 244AVG 
1 2 S, 3.4 1 3 7.23 i 9 3 .3 74 5 S .4 , . 5 S.8 5.7 6.3 S.9 5.6 4.6 3.8 1.9 3.4 3.2 2.3 5.6 
2 2.7 2. 4.2 1.5 2.3 2.2 3 8 3.1 3.4 3.3 3.5 3.2 3.4 3.1 2.1 2.3 2.3 2.7 3.2 3.6 3.8 5.8 8.6 4.8 3.3[

3 2.5 ; 2 4 3 4; 2.5 8.9 2.3 J. S. 3.1 3. 2.5 3 3.6 3.2 3.5 3.. 4.1 3.8 5.8 5.7 6.8 8.4 3.4 
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3,1 42 3415 2 1 . S:S,25, '' 3.74.94.1 4.4 5.4 
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Al7585 123G 8(3.tkHA217T .0. T7(9d/3) 

.I 1 2 3 4 a 7 5 1 11 12 13!55.1 5.2 S.3 6.4 6 7 II 14 15 1617 l 22321 22313 2448VG1 la3 6,6 6.51 3 6., 8.3 5.7 7.2 7. 
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3 5 A38 e 2. .4
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Y 2 3 4 5 6 7 8 g 1, 1 , 12 13 14 L 15 , 2 .5 4.1 S.6 4 .4 
2 5. 1 S1 47 2.5 954 0.79 3-6.2, 3.5 23 . S3A .41 . . 45 A 7 

1.6 1 1.3, 24"2 2 .5 1 2324.1 7.7 .. 5 .5 . 8 2.73 . 3.8 42.2. 3 S. S 5..9 67 435. S 3.9 42.1 51.54 S.0 4.4 4,94 5 4A.7. 4,5. 4.1 4.17 4.72 8 3-a3 8 
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S.8 3. 4 I.,d 2.1 2.3 2.5 3.5 3.7 4.7 8.1.7 7.8 6.8 5.8 0. 4" 3-d3 5 5 S:3 4 3 4,5 7.0d3"8' '71 31 -0-'a 9"9 9 9 B.2 .9 5.4 S.8 7.2?."3 9. 7 IdJ.7 !3.9 9.7 '). 453i. S-a 9.1 9.9 4 a] 4. 5 8.0 ai 1 .8 jj 1 1. 1. 1%.S Ja :8. 7 .. 
8 0 5 7 1 8 31 3.4 1 4i 16 1 8.5 6.4 8.0 .-4 5 11 5 5 d.3 7. J d J 7 3 q., 9.1 d C 6. 7 
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9.8 8.5 9.3 7.9 16.51.7 8.5 7.8 7.5 1.3 .98 O 8 1.3 8.8 5.8 8.3 5.3 4.7 4.5 5.7 9.34.5 $.8 8.5 5.1 8.3 8.9 10.1 IL3 15.2 9.2 8.47 5.1 3.9 4.2 5.1 8.8 8.1 8.5 3.4 5.9 5,5S.7 F.9 4.9 8.8 9.1 8.8 8.3 7.8 7.3 8.8 8.4 7.2 
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 45 42 4.1 . !47 
44 5 5.5 53 4 34.4 3 .2 3.3 24 3.5 4.6 4.5 4.8
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3 4.1 3.5 3.899.9 15.2 8.4 5.9 54 
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2- . . a. 3.1 3.7 3.9 4.8 4.9 	 4. E 4.8
7 .Ja . Z 5 4 t. 3 5.5 6.3 d3 5.5 5S 5.4 5.3 4.6 3j7 3.5 3*.5 2.5 

3.6 2.8 2".3 2.3 1 4 '.i . 5 	 1,.J 2.1 3.5 3.8 4.8 5.7 5.1 ,4.2 
a S.L1. ,.7 3.1 1 .', ! 5 s 8 5 5.5 5.a 5.8 At 1 

3 , 5 3 5. 3 .3 S. 1 S.
 .S-- 4 3.1 3.1 4 5 4.6 4 5 4.4 3. 1.' 7 ? .7 3.5 3.9 3.5 4.1 4.7 4.2 

0 3.5 3 '2 12 2.3 1 , i . :.7 3.1 3. J 2.8 4.4& 4.0) 


'. 3 4 4 , 1. 3.3 4 5 5.2 5 3 3 4 '. 4I 1. 6 5, 5 4 5. b 5 $ 5.7

dJ 4., a 4.3 5, ! 5. , a 5 7 5 3 4 d 3. 7 4.2 , 	 3.8 

3 iS 3 4,4 5.d 7 8 3.9 4.0 5.3 
.6 5 3 3. t 3 1" . . 7 3.' ". . J 2.? 4. 1 5.(% 4.7 

:5 4. e S. d 4.7 3.3 	 5.3m 1.. 5, 4 . 3 S ; A 3 
S 	 : a."', 3 1.- 2. i 2.3 1. 1 .2 3,03.4. 	 3.' 4 ,3 . 2.47 . 

a ,i 4* 1. 1 S d3 . .i' 3. t 4. J .3 4.7 4 33 4.! S. 5 : ! 5 ,4 . 7 4. - 4 2 4. 9 2. 7 
. ". S.j 4 ' 4 )1 .7 i. 9 1 - ' 3 . t 2.' 3 2 

3.- . 8 4.' 7. 7.9 8.3 7.3 7.1.7 2 	 5.6 5.8 31.; 3 2 
. 1 i.a 3.5 2.6 4.4d 5.. 5.5 5.4 4,) 4 JI 3.5 3.g 3.9] 8 3 7 7 3 

• 	 3, . 513 4. 7 5.d 5.3 S.4 4 2 3. 7 2.3 J 9 1 3 3.8 3.6 2.5 A 1 3-


3, 3. 1 7.3 5.8 8.2 3. 7 . J. 7.7 . . -" I-S 1.
!2. 12. 11.3 .11.J 	 3.S 7 1.: 6.9 7 : 7.1 .5 
! . 4 .7 7.3 S.' 4.1 S.8 5.93 4 .3 

3.3 7 7 S.ia !. 5 7.9 3.2 3.3 7 7 2 


23 -,3 5.3 " 1 5.- J. 7 S.L 5.0 1 I 

3,J A. ;.1 7.5 5.9 d.a !4 1 6.7 	 5.65 1.3 

1.1 5.3 S. 3 . 1 .4 6.5 7 6 	 7,3 1 7.4 5,7 4.5 4.4 5.4 S.3 8.1 

1 7 3.S 11.5 I..S 1.3 2 1 .3 	 3 .1 2 2 .- : . 13.9 3.0 4.5 ,4.2 3.6 
. 523 1 a -. ; 5.1 4 9 1,.1 

A.1 3 ..', 2. 7 ;. ; . 3 2.: 3 1 	 , ' A.4 4.1 5.8 3.-8
4.4 3.5 3.1 4.8 S.3 5., 4 5 	 4 2 3.3 3. a . d 3. 122 3t, 

8.6 4.3 ,- . -.3 7 7 	 S. 7.3 7.6 7.3 1.2 
3,.4 5,9 5.5 5 1 5. d.7 7.3 1..:6.3 1.6 7.5 5,9 7 E 

. 1 5 7,- 5 !' 6.9 7.7 1.7 7.4 .3 7.4 7.3 7 3 7.3 7.8 3.4 7.a 7.3" 5.15 .5 8.7 7..3 7.5 7.4 7 
9.4 1J. '.'. :-.4 3.2 ! 3 S..i8.'.7.b 8.1,

: S.d , 6 5 .3 il 5.937.3 7 3 5 5.') 7.. 7.1 3.? 8, '. .
 

:7 S.1 .:Z .2 5 3 .3 1.5 1.4 !.- 5.5 1.4 5.1 8.3 5.1 
 S.8 5.9 :.- S lt I:11 ,J 	 4 3 4.1 5.3 5.1 ,3.2 
, 

h.4 5.7 6.3 5.3 . . -	 S, 5. 6 01 7.0 7.a 5.2
,.?7 .a 5. 5.S 5.S t.7 1,7 !.3 '5. 5.5 5.4 5.4'.3 	

, . . 4 4 4 3 : i.a 5.1 S5 5.t: 
93 7 3 7.3 7.3 1.1 5.8 6.4 7 3 5,' 45.7 3.,6 1..'4.7 4..,, 3.4 2.. 1.7 

.1. .7 . - J.".7 ;. - . 2 2.3 2.2 4.4 3.3 
. 64. ,3) 1 5 3 5,S L. d i ,,4 .4 3 :.3 1.3 J 

S.3 S.3 6.6,5.4 . S.s 	 i.s 5 : 5.5 5.8 5.7 S.8
35 .j13.2 8.3 5.2 5.. 5..E!,.I S.9 5.9 5,9 S.7 

. 	 2.6 1..91..9 1.8 1.8
11.3 '..7 ' .. . 7 .7 2. 2.1 2.72. 2.7 3.: 3. -'. 3.d 2.4

12.5 !.!"I ,5 1.4 1.4 
.5, S 11.3 ..... 4..: i 1 . 1 6 17 I11 i .7 1 .2 13.1 . '3 11.7 12.3 12.'!2.3 12.J XA13 r '.. 	 2.1 2.3 1..11.2 3.3

4.5 3.5 k.a 3.4 ..S 1.5 U 1 .6 8.7 1. .81~ .7 . - 3 ,..'
Wil 3.2 3.7 3.' 3.9 4.5 
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2 3.3.4 4. 6 .1 . . 2 .l I1. 3. 7,13. 14. .1.3 . 4S 53 17 2 ,~ . .
35,3 7..5 7.S 11.. ,,.4 ,I : 5.:-J '.6. 7. 37 .66.2 16. 3. 7 .54 . . J .72 . . 6.3 7.6 4.4.5.7 7.A J.a '.9 6.2 7.11 5.6 S.a 5.4 4.g 5.1 4.5 3.8$ .-I 5.-d6.3 5..3 5.3 2.1 3.5 3.4 2.5 2.61 2.2 4.6 4.7 4.bi5.3 6.3 SA' 4.4 3.7 4.6 5.3 4.94.,S 4.1 3.2 2.5 .1. 265 J: 4.? S 5. .7 S.8 5.1 S.5 5.1 4.1 

1.- . 2.1 3.4 3.,4 S.3 4.d1 4.13.8 3.7 4.1 3.6 3.37 4-d 4.,114.4 4 3 4.,3 ,.7 3.5 ,4,5 3.4 2.3 1..S 
2.8 3.1 3.5 2.9 2.1 1.9 2.2 2.5i 2.2 3.2 3.81.6 ,.8 3.1 4.2 3.4 2 5 2 ] . .5~ . . ~~~~.. . . . .

9 5. ; 5. .8 5.3 5.9 I, 
. .; ,. 8. .,.3,LI ..1 . . ..0I.8~~11.1 . 9).9.4 10.4 8.8 9.4 8.5 d.8 5 46 8.2-J 

5.i 6.5 5.7 ., 6 45 3.A 3.7 4.2 4.4 4.55. - ,'A .4 5.7 5.j 5.8 7.3 s.7 5.9 4 
4.2 2.7 2.8 3.4 4.9 5.7 4 9 LA. 1 . _ 3. 7 2.7 .7-" . 35 , 3 .8 2.9 2.27.A 5.4 8..3 5.5 74 4.1 4.S 4,8 5.5 8.104.55.7 7.2 1A8 55 7/.gI3.S .5'."5 3 -. '}.5 1..2 9.3 .8 8.2 7 8.8 7.76 1.! 5.,'5.! 5.4 ,-.4 5,.37.9 5.1 5.8 7.83.' 1.2 a.9 3.6 ).4 1,! 3.81., 6.5 5.5 5.d ,4.d 4.5 

75-. 35.a. d. 5.-4 . 5.S. 5.5 S.0 63 7.24i4 4.4 3 3 3A 3,S 1 1, 4 8. 9S. 7 :.S 2.7 3,.06.3 5.5 5 5 e.3 !.0 5 6 3.1 5.1 5 5S 6 ., 
3.9I 3.7 4 . ,48 4.8 

5,5 S .1 5.4 7.7 7.2 5.3 5 .j 1".5a 
7 1 !° -.4 5.5 7.5 3.2 5.4 5.8 5.,d8.2i 15 1.3 6A S.7 5.9 3.5 VS5 7.8 d.3 6.5 76.5 5.S 1 5 5 1 3 .1 5..s S.5 S., 4.5 a Z' !.( ' Q 7.S 5.7 ,-.25.1 5.7 5.73.7 4 5 S.1. ,' .! 1,7d.1.5.3 8.9 ,.7 7.3 5.7 6.: 

7 3..5 4.3 5.5 5.1 5.4 S.7 5.45.9 5.1.5.53 a 1 5.7 5.3 8 €a 8.5 6 1 54. S-6,,:J 5., ,Ia. .8 5 ,.7 5,3 .S 5 3 5S5 4.A 4.7 
- ! !1. 6.9 A 4.5 S.1 5..5 S.7 5.16.3 5,46.} 5 6. 5.7 SA3 S " A, .9 5 J.7 12.9 4.1 ,5.75.,48.1 7.2 83.65.9',I. -1 .. 9.a 11.6 If-,.L a: 11.5 13,4 13.4 14.2 14A.:Jd.3 1..714] 14 1 12.; ,U9.4 "1.831.3 111.71:.7 a.53 . ] 9.1,7.2 7.4 11.9 

.i 533 
a., 7].1:..8 11.1 8A 5 a 7 3 3.3 ;3. 7 2 ,,5.7 7 1] 7.3 7.0] 7.2 8.5 8.7 4A.,8.4 ,6.87.? 7.C 7.7 5.1 SA SA1 3].23.7 4.1 4 8 

8.7 8..5 
:2 S53 .'.7 5 5 5. 8 i. S .9 5.4 5A.,5.3 3.,4 '-. . , , . . 560..597.! 7.S 83.g8,1 5.3 5. 0, 3] 5.7 557'43 S.A ,.,4 i d 5.A 5.3 6.3 S.A 5 

53 3.8 S5 8., S.S.1 5.4 4.8 3.5 1.7 1.3]3.6 S.; 5.15 J 5,1 4A 5.,1 5.7 5.3 A.) -.5 3.8 3.2 2.9 2.! 
. 4,d 3.1 1.3]2.d 2.3 4.2 4.41.7 2.325 3.1 7 3 7 .7] 5 5.5 5 ' 2 3. 1 ,2.3 

:.5 -7, 1-S. 2.222.9 3.4 4.1 3.7 3.45 4 7.3 7.4 7,-,i.7 2.'57 "1 7.2 5.9. 5,3 8.3 7.3 7.7 6 20 z3 3.4 '.,J2 .7 7.7 8.5 8.7 65.37.41 .4 7.3 7 a e.a 5 ' . :"-. 3;7 5 ; 5.6 5.1,7.5 IJA. 7.4 5.3 S.r 5, S.",7.3 7.4 
1,.27.S 5.3 4.7 41.7 4.7 83.37.4 3.3 ;.;3 :0.4:35'..1 .3 5.A 5.1'1.5 5.1 5.5 -5. S.A 4 
1,' 3 .5 i.3 5.5 5.3 6.1 7.4 

5,5 53 . 5 5.5 
A 3A,. 3.-5 7.1 7 " 1.3 . 3 ;.- 3.3 7.4 7.25.,75.3 !. " 7 . 5,.5 7.1!, :.4 3 :-. : ':U i'.', 7 S !.I 5A5 a.7 -3.1 6.,4 5, 7.4 

, 7 ,3 5'. -'. .4 6.5 5.7 7.95.7 3.2 7.,' 7.5 7.J 3,. ; .3:SA 5,., 7A d.7 3,8 7. ' .' / a S55.7 
5 . ,. 1.3 ' 5.7 5.! 5.5 4./85.7 !.. 5 ! ! ,3-*.*-4:.3 3. 7 4.5 4.9 S.5 5.3

S.8• 3 .1. 5.5 7.6 53.553.L 3
S-) 1.1|I., 5 1.3 

5.1 5.3 6.3 5.3 ,5 3 1., 4 -2 . 3 S.l 5.32.2 ,1.3 1..4 '.5 2.1 2.7 2.53 2.S . 
.C 5.2 5.3 S.5 8.12.8 3A3 ' ' .7: 3 3.0 2 ,:"1.: 1.8 1..2 1.1 1.8

ViR 3." .1.7 ,J.7 j.1. 3.6 2.6 2.9 2..2 1.2 f.7' , . 1 1..7 1. 2.S 1.! . 2.. 1.7 1.7'".3 2.0 2.3 2.7 J.4 
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FEBRJARY138 184 Aa. E.A1DATA(8S)HUR .8ADA,EGYPT 

CA 1 2 3 4 5 5 7 	 8 9 1 1112 13 14 1! :8:17 13 19 2 2 22 23 24 

5.8 4.d 5.4 5.4 4.5 3.9 4.2 4.8 4.2 3.1 2.5 3.2 3.2 .. 3 1.9 J.4 1.2 2.1 3.5 4.7 4.7 3.81 8.2 5.8 5.1 
2.1 1.8 1.5 1.9 3.2 4.4 4.1 1.8 3.9
2 5.6 5.9 8.5 8.1 5.1 5.7 S.5 S.3 4.1 3.9 4.4 3.7 3.5 2.5 2.1 2.5 

3 2.8 1.7 1.5 2.3 3.1 2.8 1.7 2.1 2.7 ,.2 5.8 5.8 6.3 8.5 8.3 5.4 8.1 4.2 3.7 2.5 1.7 2.3 2.8 4.2 3.7 

4.8 4.2 4.2 3.4 2.- 3,J 4.3 3.8 3.2 2.8 1.8 1.9 2.1 3.2 3.5 4.1 2.S 3.2 2.2 2.1 2., 2.2 3.2 4.2 3.2
4 
5 3.4 5.3 3.9 4.4 5.3 5.5 2.1 9.812.111.1 9.3 2.7 10.713.011.318.8 9.9 7.5 5.8 5 5 8.5 8.8 5.0 8.8 7 5 

8 5.7 5.4 8.1 7.5 4.4 4.2 8.8 7.3 7.2 4.5 7.1 7.4 7.2 7.3 7.8 e.5 7.4 8.2 8.2 5 5.1 4.8 S.3 5.1 8.4 
4.1 4,3 3.8 2.5 1.1 2.3 3.2 4.0 3.4 3.5 4.1 4.37 4.2 4.7 5.6 8.0 4.9 5.5 S.5 5.8 5.5 4.7 4.7 4.5 4.2 

2.2 2.S 3.9 3.7 4 3,5. 2.3 3.5 2.2 3.1 4..S 3.7 3.e 2.8 3.4
8 3.4 3,7 2.7 1.9 3.2 4.8 4.4 4.S 2.5 1.8 

8,5 7.8 8.9 9.2 9.11 , 9 2 i.3 9.3 8.7 4.5 8.1 5.1 8.7 8.8 9.1 
9 5.3 18.111.8:52 14.8 11.1 2.3 8.d 9.8 

9.8 9.2 8.3 5.8 ;.1 8.1 .8 7.3
13 8.8 8.4 8.8 6.5 88 8.: ! 3.7 8.3 7.5 3.3 7.7 8.7 8.5 7 . ;.' ; 2 

!-6 7.3 8.5 7.9 4.2 4.4 5.9 8.1 8.311 6.5 S.9 8.1 8.5 8.6 6.4 5,4 5.3 8.3 7.2 7.3 7 7 8.8 6.1 4 
57 5 3.5 S.7 7.8 'i 1 .4 5.3 .9 322.7 .5 3.6 4.0 3.4 3.8 4.7 5.5 4.8 

12 S.9 5.1 4.4 4.a .1 5.4 
3. d.3 21-3 9.5 8.5 8.2 8.8 S.8

1.3 5.7 8.8 6.3 5.3 8.1 ' 5 3.7 . ,5 4.. '.34.7 4.4 3 3.7 ".7 
5.3 6.4

8.5 7.5 8.5 4.9 3.5 1.9 52 .5 63 7 3 7.5 7.5 1.8 7.3 82' .2 7.3 1.5 5.3 5.1 5.1 
14 	 5.4 8.4 7.1 
15 5.3 5.7 5.2 5. 8.)4 8.8 -.3 5.5 5.7 8.1 5.3 8 3 73 8,2 i' " 3 2 .5 ).1 3.7 8.7 5.7 


.8 7.2 1.3 8.7 8.8 1.5 6.7 7. 1 .3 5.3 S.1 .39 3.8 4, . 7 . 1.1 2." ,.: 3.8 
 3.2 3.2 4.8 
!.5 l.e 7.3 7.3 5.3 5.8 8.3 5.6 5.82.5 2.5 3.3 4.4 i.4 9 5 717 3.8 3.9 4.4 5.3 5.1 4.2 3.7 2.9 

2 .7 2.1 0.3 1.2 3.8 4.8 4.8 5.8 4.9 
18 5.5 5 ".3 5.d .8 d.5 .5 5.3 4.2 8.5 5.2 5.3 5.5 4.8 	

4.3
1 5.7 5.3 S2 5.9 S.1 4.4 3.7 2.9 3.3 3.3 3. 3.2 5 1 5.1 4.9 1.. 2.1 2.3 3.4 2.1 2.15.8 5.4 

.4 42 4,7 4 3 3.5 3.Z 2.5 2.5 1.9 3.5 3.5 3.8 
23 3., 3.3 4.2 4.2 2.2 4.2 4.7 4.8 4.3 2.3 2.: 3. 

2.2 3.8 5.3 5.1 8.7 8.7 4 3
4.5 4.8 5.4 4.7 3.1 3.4 4.8 5.4 4.f 4.2 3.- 3.1 3.8. 2.721 3.7 3.8 4.5 4.1 

9.2 7.5 9.2 7,' ' 9 7.0 ' .2 3.8 B.9 8.3 3.9 5.0 7.5 
22 5.z 8.4 13.5 3.5 3.1 -.9 5.1 4.7 S.2 7.3 2.8 
.. 4.7 3.3 7.4 8.8 4.5 4 3 4. S.. 7.9 7.71 .8 4.3 3. . .2 2.4 3.8 2.5 3.1 4.4 4.3 

S.7 7,3 0.2 a.7 1. 55 12 1 13.3 11.8 11. .4 8.0 5.5 7.8
5.7 5.5 5.3 4 5 3.2 3.524 5.5 5.3 5. 5.5 

5, 3.5 2.3 8.1 5.5 S.4 1.1 . 9.1 3.8 3.9 77 " 5
Is 5.2 8.5 5.8 7.8 8.6 7.3 8.9 3.d 8.5 

4.8 5.1 8.5 4.122 5.4 4.8 5.5 S. 4.8 4.3 .7 4.2 5.1 7. 8.4 d.1 S.1 4.2 2 7 3 9 2.5 1.1 3.5 4.2 
45, 	 5.3 8.14.3 	 a8 7.2 7.2 5.4 7.3 .3 .5 !.3 5.9 7.7 5.0 8.1 

12.'12.J .3.2 !3.3 1.8 12.3 7.3 8.8 9 527 7.3 6.1 5.1 5.1 4.5 S.3 S.9 4.4 
- 5.3 3.8 3.6 3.8 4.5 5.8 11.3 12.4 12.3 12.4 11.8 12.3 11.5 11. 

4. 5.2 2.1 S.4 S.2 4.9 5.8 5.1 5.8
5.7 5.5 8.5 5.9 8.1 8.2 8.1 8.2 1,34C, .3 S.5 5.7 5.3 5.5 S.8 

. 3.3 3 3.4 2.8 2.1 1.3 1.5 1.7
T3 1.3 1.7 2.8 2.4 2.3 1.5 1.9 2.3 2.3 2.1 2.4 2.3 2.4 2.. Z.5 

5 	 11.8 12.8 8.2 8.8 9.5 
VAX 8. :3.1 11.5 :5.2 14.5 11.1 11.3 12.4 12.3 12.4 11.8 12.3 11.8 13. 3 ' . 2.5 /.1 22 11.8 

5.4 1.8 1.7 1.9 2.7 1.8 3.2 
814 2.8 1.7 1.5 1.9 2.5 2.8 1.7 2.1 2.3 1.5 1.8 1.2 2.1 2.5 ' 1.7 8.3 
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SLtRC'.i.A,ECYP'TILARCX1088 166 9QL 0.4! OATA(U5)
 
2AY r1LR1 2 3 4 5 
 a 7 a 81.81.1 12 13 14 15 1 
 7 18 192 21 22 23 24 AYG
5. 14 :.4 3.4 13.4 13.5 14.2 13.5 12.4 12.1 11.7 12.2 :2.2 12.3 1.8 11.5 18.4 8.8 9.7. 2.5 8.81.313.9 13.7 .4.1 13.8 14.3 9.3 2.5 12.3 11.5 16.5 15.1 9.4 2.3 8.3 a.1 7.9 8.8 7.5 8.2 

4.7 5.7 4.8 13.8 
3 ;-2 5.3 4.7 5.6 4,8 4.5 7.1 5.4 5.5 8.2 9.9A.4 5.2 .6 .7 1.2 5.8 5.3 5.4 4.8 1.5 1.5 2.5 2.8 3.24 3.5 4.8 2.8 3.9 4.8 3.9 4.75.3 5.4 4.8 4.7 4.8g .7 1.8 1.2 2.5 2.7 2.7 3.4 4 2 6.3 8.3 8.3 8.3 5.5 3.8 2.5 3.5 2.55 1.7 1.8 1.9 8.3 4.7 8.3 5.3 4.85.3 4.J 4.9 8.2 8.1 5.3 4.4 4,6 2.2 2.9 8.5 5.7 3.8 3.8 2.86 6.7 5.61 3.8 4.1 3.9 3.5 3.8 4.8 5.4 1.3 3.9 4.45.1 5.4 4.7 4.9 5.1 5.8 4.7 3.6 8.7 4.8 4.27 5.5 3.1 8.i 9.2 6 5 7.2 4.7 8.3 5.8a.9 7.5 8.9 5.J 5.0 5.3 5.1 4.7 4.1 3.5 3.8 3.5 3.8 2.8 1.3 1.9 1.88 3. 2.8 2.8 3.1 4.2 3.8 4.6 2.1 2.2 2.7 3.7 4.51.1 2.e 5.4 7.4 7.9 7.2 7.8 ?.5 8.5 7.8 8 1 5.4 5.g 4.7? 2.8 2.0 3 1 3.7 3.2 3.4 3.4 5.83.9 4.5 3.2 3.4 2.5 5.5 5.3 4.2 8.8 5.4 4.4 2.5 5.4 5.4 7.8 9.4 8.7 7.9 5.a 4.9J .4 5.8 5.1 4.7 8,6 5.7 7.3 7.3 1.5 1.3 q. 1 !.8 8.8 8.9 9.2 7.2 8.5 8.2 7.7 8.3 9.5 7.55.8 53 5.7 5.3 5.8 4.9 5.7 5.8 7.2 3.8 4.1 7.14.5 a.6 8.9 2.2 8 .38.5 8.8 8.34 7 4 8 7.8 8.9 5.3 4.3 5.3 5.1 3.8 9 4 5.4 7.3 5.9 4.8 

7. 7 9 7,3 5.1 4.8 5.5 6.8 8.9
3.5 4.9 4.5 5. 5.4 5.a 5.4 3.9 4.8 5.1 5.84348 5.4 9.8 5.1 4.8 3.7 3.6 4 2 4,.3 4.6 2.'; 2.5 2.3 2.3

3.4 3 5 3.' 3,6 3.4 2.8 2.5 2.5 2.7 3.5 2.8 3.7 3.5. 2.1 5.5 5.8 3.8 5.8 5 5 5.2 9.4 !r. 1 9.2 1.3 9.1 13.1: - ' 5 Z 3 .4 ".2 5 .3 5,5 
9.2 8.2 3.86 3. 2.2 12.9 11.8 :2.4 8.7 8.6,4 7 .2 1. . J5u.,1 .:,.11.1 :1. 0 8.7 2.b 2 .8 9 .21 7.3 5 2 : - .7 4 .4 4.2 4 .2 8 .4S.2 5.9 7.9 5.7 3.7 4.8 5.7 7.9a.7 9.3 8.8 8.4 8.4 8.5 8.6 7.4 8.1 5 4 7.7 7.8S4 7.2 4.7 4.4 5.5 o.98 4 5.9 5.3 5.6 5.3 4.8 8.a 18.4 164.5 9.3 9.8 12.3 16.2 ;.T 1,.1 9.8 2.73.912 4 12.4 .2 98 8.$ 8.8 a8.4 8.828 11.2 7.3 5.J 3.2 1.3 S.8 7.4 8.4 5.7 5.3 5.4 7.2 7.4 7.3 .1 s.a2. 5.7 4.1 3.5 3.7 2.5 3.5 5.4 3.2 

:.7 9.4 8.8 3.8 1.8 4.9'.9 7.2 5. 8.5 4.8 4.5 3.9 1.3 1.3 4" 8.3 2.2 4.5 5.7 5.1: 54 5.4 5.5 8.5 7.2 7.8 5. 5.7 2.1 18.3 18.3 ;.7 ).3 9.3 4.9 5.8 8.2 7.5 21. 9.1 4.2 3.35 5 4.3 5 2 5.2 E.7 5.7 4.7 7.3 5.3 4.1 7.83.1 3.8 8.8 7.3 5.8 .3 5.1 4 8 3.9 4 8 3.7 2.9 8.8 8.8 8.14 6 3.7 2 4.5 4.2 .9 3.2 2.8 4. 6 .2.0 1.5 2.2 4.1 3.2 3.7 3.8 3.1 .1 2.2 2.1 1.9 2.8 3.2. 2.3 2 3 1.5 1.7 a 2. a 2.7 3.12.8 3.2 2.7 2.: 2.8 3.7 3.7 4.8 8.1 7.3 5.4 7.3 ', .6:4 19 3 :61 11.2 3.7 8.5 V.2 8.8 9.1 5.118.311.5 11.8 11.3 12.5 11.2 12.8 181.3 9.2 4.5 8.5 5.5 11.3 1 .4 18.5 12.2 1..-2 11.5 9.7 9.7 8.8:5 3 2'.1 4 19.3 12.8 12.3 8.7 7.8 8.9 16.4 11.1 12.4 12.5 12.3 12.2 11.2 
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APPENDIX C
 

SOIL DATA FOR WATER DESALINATION PLANT SITE
 

AT HURGHADA, EGYPT
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IEL. 716024 - 5460123 
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September, 1986
 

FILE NO. 279/S 

EGYPTIAN ELECTRICAL AUTHORITY 
(EEA)
 

Attention : Eno. 
 Ahmed Abd El Halim
 

-Subject : Water treatment Plant at Hurgad
 

Gent lemen,
 

We have cempleted the following Report of our geotechnical 
study for the subject project. This report describes the field
 
exploration and laboratory. testing prco ram findings and presents
 
our evaluations and reco.Tmendations.
 

The objective of this study, 
was to collect data on the
 
subsurface at the site in order to develop rec7-endations
 
for the foundations end other subsurface conside;'ations as
 
they affect design and construction of the subject facilities.
 

The subsurface information was obtained from standard pene
tration test 
(SPT) boring sand laboratory tests on the soil
 
samples obtained.
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Based on the result of our study we have developped
 
recommendations fcr site preparation, foundation design
 
and other geotechni al considerations.
 

We appreciate the opportunity of t.orking with you on
 
this Project and look fcr;ard 
to a continuing relationship.
 

Please do not hesitate to contact us 
ifyou have any
 
questions concerning the Report.
 

Very Truly Yours
 
ARDA .IAf-ACE 

,I /
 

Dr. ohamed Sheta, P.E.
 
GzotechnicaI Man.oer
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1. SITE LOCATION
 
The site for the Proposed Power Station is located at 
Hurgada , Red Sea 

2. PURPOSED AND SCOPE AND STUDY 

2.1. 	 Purpose of Study
 

The purpose of this study is 
to collect data so
 
that evaluation and recommendations could be made
 
with respect to foundation design, site prepara
tion and other 6-otechnical construction conside
ration related to the construction.
 

2.2. 	 Scope of Field Exploration 
The field exploration program consisted of conduc
ting (2) standard penetration test (SPT) borings
 
of June 21, 1936.
 
Each of the SPT borinas was terminated at a depth
 

varied frcm 10.45m to 
14.0m below the existing
 

ground surface.
 

2.3 . Scope of Laboratory Testing Program 
Representative soil samples obtai6ed during our 
field sampling program were packaged and transfered
 
to our office in Cairo and thereafter, throughly
 
examined and tested in 
our laboratory to obtain
 
accurate descriptions of the existing soil 
strata.
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The samples were examined according to
 
ASTM (See References) to estimate the USES
 
(Unified Soil Classification Systems for
 

each Samples)
 

Our Laboratory conducted -200 
 Sieve Analysis,
 
Atterberg Limits (Liquid Limit, Plastic
 
Limit) 	Natural and Moisture Content.
 
All testing were perforned in general
 
accordance with ASTM standard (See Referen
ces).
 

3. SUBSURFACE CONDITIOIS 

3.1. 	 Soil Description
 
The genercl subsurface conditions which were 
encoun
tered at the exploration locations are shown on
 
the drill hole.
 

Soil stratification is based on field and Laboratory
 
examination of recovered soil samples and interpre
tation 	of field boring.
 

The stratification lines represents the approximate
 
boundary between soil types. 
 The actual transition
 
ay be gradual.
 
Iased on our review of the field and laboratry
 
examination of soil samples, the following general
 
subsurface soil profile is developed.
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3.2. Soil Classification :
 

The soil as shown in the borehole los is composed
 
of medium dense to very dense sand layer with diffe
rent percentages of sandstone pieces and silt, this
 
sai;d layer appeared at the ground surface and varied
 
in thickness between 2.0 
 and 3 .0 meters.
 
A moderately %veathered fossiliferous limestone layer
 
appeared at a depth varried between 3 ,0to 3 30 meters
 
below the existing ground surface with thickness between
 

1.0 and 1.7 meter,.
 

An interlayer of sandstone fragments appeared in borehole
 
(1) at 2.0 meters depth with 13 
meter thick.
 
A loose to very dense sand layer with a little percentages
 
of silt and clay followed the limetsone layer in Borehole(2)
 
at 4.0 meter depth and extended to the end of the borehole
 
and interlayered by a layer of clayey silt and sand at
 
5.0 meters depth with 2.0 meters thick.
 

In Borheole (1)the limetsone layer is followed by a silty
 
clay layer with a little percentaces of sand at 5.0 meters
 
depth and extended to 12.25 meter: depth below the existini
 
ground surface, this clay layer is interlayered by a clayey
 
s1t layer at 8.0 meters depth with 1.0 meter thick.
 
A medium dense to very dense sand layer underlayered the
 
clay layer (BH.1) and extended to the end of the borehole.
 

Ground Water
 
Ground water table is measured during the drilling of the
 
boreholes and it is appeared at 5.50 meters below the
 
existing ground surface.
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4. CONCLUSIONS AN] E:C:>1ENDATIONS: 

The follwing are or conclusions and recommendations for 
site foundations design which we feel best suited for the
 
proposed facility with respect to the existing soil conditions.
 
These recommendaticns 
are made as a guide for the design
 
Engineer and/or Architect part of which should be incor
porated into the Project's Technical specifications.
 

The reco:rLmendations presented in this report are based
 

upon the analysis of fiel+ data and laboratory results
 
presented in the .Appendies and the loading conditions.
 
The recom.nmendations of this report do not reflect any
 
horizontal or vertical stratigraphic va.'iaticns which may
 
occur beteen the boring of this investigation.
 
The nature and extent of horizontal or vertical strati
graphic variations between the borings may not become evident
 
until durino the course of construction if any variations
 
then appear evident it will 
be necessary for a re-evaluation
 
of the recommendations of this report to be made after
 
performing on-site observations during the construction
 
period and noting the characteristics of the variations.
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4.1. Recommendations :
 

Its recommended to use 
shallow foundations
 
with maximum allowable bearing capacity at
 

2.0 kg/cm 2 at foundation level of 2.0 
meters
 
below the existing ground surface.
 

Foundation pits shall be flooded for 24 
hours
 
prior to concreting. Fine material left out
 
after flooding must be removed.
 

Sulphate resisting cement must be used in all
 

foundation work.
 

COISULTI NG ENGINEER ARDAMAN-ACE 

Dr. A.H. El Ramli 
 Dr. Mohamed Sheta. P.E.
 
Geotechnical Manager
 

75
 



5. 	 REFERENCES 

1. 	 ASTM D-422-63 (Reapproved 1972) 
"Standard 	method for Particle size 
Analysis of Soils". 

2. 	ASTl D-423-66 (Reapproved 1972)
 
"Standard test method for Liquid Limit
 
of Soils".
 

3. 	 ASTM D-424-59 (Reapproved 1971) 
"Standard Iethod for Plastic Limit and 
Plasticity Index of Soils" 

4. 	 AST,1 D-1585-81 
"Standard t,!ethod fer Penetration Test 
and Split-Barrel Sampling of Soils" 

5. 	 ASTh D-2487-69 (Reapproved 1975) 
"Standard Test method for Classifications of 
Soils for Engineerung PL'rpose" 

6. 	 AST,,I D-2483-60 (ReapproveJ 1975) 
"Standard P-commended Pratice for description 
of Soils" 

(Visual--,anual Procedure) 

76
 



SUr ARY OF LAEOMATORY TEST RESULTS 
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CHEMICAL ANALYSIS FOR WArER SAMPLE 

B.H. No. 1 

Depth 5.50m 

CL '4a) PPM 

"acl 16149 PP, 

S3 1990 PPM 

T.D.S. 19629 PPn 

PH 7.05 
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APPENDIX D
 

INSTRUMENTATION REQUIREMENTS
 

AND SPECIFICATIONS
 



SPECIFICATIONS FOR A
 
FILED TEST INSTRUMENTATION SYSTEM
 

The Renewable Energy Field Test instrumentation system will
 

be used to monitor IPH, PV and wind energy system installation
 

at urban and remote desert locations in Egypt. These energy
 

systems include main power sources (solar collectors, PV arrays
 

and wind turbines) as well as ancillary subsystems depending on
 

specific field test applications. These subsystems include
 

ice-makiag equipment, desalinavion systems, a variety of load
 

characteristics ranging from small DC loads to grid-connected
 

applications and back-ip 
 powe r systems (diesel engines and
 

batteries).
 

Th, instrumentation system must be a stand-alone system.
 

Failure of the instrumentation system must not affect the
 

performance 
of the field test system that is being monitored.
 

The instrumentation system must have an on-site data storage
 

system that is non-volatile and capable of easy physical removal
 

and transport to another location for data removal 
 and long-term
 

storage. One form of the non-volatile storage system must be a
 

microchip/EPROM or 
CMOSRAM - Type system that can be "milked" on
 

site easily and without danger of a loss of data.
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The instrumentation system must be a microcomputer based
 

data logger with programmable input channels and output formats
 

both analog and digital. The user must have control over 

sampling frequency and output period for channel. The capability
 

to multiplex some of the channels is also required. 
 Primary
 

design objectives for the instrumentation system should be
 

reliability, simplicity, small low power and
size, the ability to
 

operate in environmental extremes as specified (especially high
 

temperature, sand/dust and tropical/sea coast). The unit must
 

be capable of stand-alone battery operation for a period of two
 

months. The monitoring system for the entire field test will be
 

expected to be a centralized system-


The following minimum specifications are required for the
 

instrumentation system. If an exception must be taken to one or
 

more of these requirements, the exception shall be noted and 
a
 

clear explanation given as to why the bidder believes that the
 

exception should be acceptable to the purch3ser.
 

System Power Requirements
 

o Capable of operation using self-contained batteries
 

o Capability for the use of an external power source 
to
 
allow continued data collection while changing batter
ies is desirable
 

0 
 Capable of transient protection from spurious electr
ical charges or lightning
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Environmental Specifications
 

o Ambient Temperature: - 5 deg. C to + 55 deg. C
 

o Relative Humidity: 0 to 95 percent
 

o 
 Impervious to a tropical, oceanside environment with
 
occasional high airborne sand/dust and/or sulphur
 
levels.
 

Analog Input
 

Number of Channels: At least 12 channels
 

Voltage Measurement Types: Differential or single-ended
 

Accuracy of Measurements: At least + 0.5 percent
 

Range and Resolution: Selectable for any input channel
 
from microvolts to several volts full
 
scale
 

Sample Rates: At least once per second for each channel
 

Multiplex Capability: At least for channels
 

Pulse Inputs
 

Number of Pulse counter Channels: At least 4 channels
 

Analog and Digital Control Outputs: A total of three
 
resettable channels
 
each is desired with 
a range of 0 to + 5 
volts with a 0.5 v It 
resolution.
 

Multiplex Capability: At least three channels
 

Output Signal Interface
 

Memory: 	 Capable of storing at least 3000 data points per day
 
for a period of two months
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Display: 	 A visual display of instantaneous and stored data is
 
required on-site for data verification before data
 
removal.
 

Peripheral Interface: 	 Downloading of data at the site should
 
be by physical removal of the data
 
storage device or simple, reliable data
 
downloading to a non-volatile storage

device. Storage data files shall be
 
IBM-PC compatible on floppy disc either
 
directly from the data logger or through
 
a simple, 	fast reformatting technique.
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FIELD TEST PERFORMANCE MONITORING DATA REQUIREMENTS
 

Field Test #10 (Wind Powered Desalinatin Plant)
 

Parameter 
 Channel 

Type 


Turbine power (kW) P 

Generator Voltage (volts) A 

Generator Current (3) (Amps) A 

Frequency (Hz) A 

Reactive Power (VAR) A 

Power Factor A 

Rotor RPM (Rev/min) P 

Number of On-off Cycles (Turbine) P 

KWH Output A 

KWH flow from System to Grid A 

KWH flow from Grid to System A 

KWH to Desalination unit A 

KWH Output from ERS A 

Battery Charge (Amps) A 

Battery Discharge (Amps) A 

Battery Voltage (Volts) A 

Battery Temp. (degrees C) A 

Feedwater Flow (liters) P 

Product water flow (liters) P 

Water inlet Pressure A 

Water outlet Pressure A 

Water Inlet Temp. (degress C) A 

Water Outlet Temp. (degrees C) A 

HP Pumps Power(KW) A 

HP Pumps Voltage (volts) A 

HP Pumps Current (Amps) A 


Output
 
Interva
 

10 min.
 
10 min.
 
10 min.
 
10 min.
 
10 min.
 
10 min.
 
10 min.
 
Daily
 
Hourly
 
10 mn.
 
10 mn.
 
10 mn.
 
10 mn.
 
10 mn.
 
10 mn.
 
10 mn.
 
10 mn.
 
10 min.
 
10 min.
 
10 min.
 
10 mmn.
 
30 min.
 
30 min.
 
10 min.
 
10 min.
 
10 min.
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rIUUUUrUIU9ICd1 )tdllon
 

Parameter 


Horizontal Insolation (kW/m2) 

Plane of Array Insolation
 
(if appropriate) (kW/m2) 


Ambient Temp. (Degrees C)

Humidity (%) 

Air Pressure (Kgr/m2) 

Wind Speed (m/sec) 

Wind Direction (degree) 


Existing Power Grid
 

Parameter 


Grid line Voltage (volts)

Grid line Frequency (Hz) 


Channel 

Type 


A 


A 

A 

A 

A 

A 

A 


Channel 

Type 


A 

A 


Output
 
Interval
 

10 min.
 

10 min.
 
30 min.
 
30 min.
 
30 min.
 
10 min.
 
10 min.
 

Output
 
Interval
 

Hourly
 
Hourly
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APPENDIX E
 

WATER ANALYSIS FOR HURGHADA AND ZAAFARANA
 



Sea Water Analysis
 

(lurghada) 

ITI! 

pH 

Conductivity U nihos/cm 

Partial Alkalinity mg/L as CaCo
3 

Total Alkalinity rrg/L as CaCo3 

Total IHardness tq;/L as CaQ 

Calcium IHardness n./L as CaCo 

Magnesuihn thudness nrg/l, a-s CaCok 

Chllorich, ag/J, a.s CaCo, 

Sulphate /riLas CaCo 
3

Soduim rmg/L as CaCo. 

At)assiim mg/L as CaCo3 

Iron nrr/L as Fe 

Barium ng/I, as Ba 

Strontium ng/L as Sr 

Manganese rg/L as % 

Total Dissolved Solid mg/L 


Turbidity NT 

Silica rrg/L as Sio, 

Red Sea Water 

at 

Ilurghada 

8.4
 

58 000
 

10 

135
 

752 0
 

11 00
 

642 0
 

33267.7
 

3360.1
 

28359.9
 

884.6 

0.23 

0.15 

8.8 

0.06 

386 00 

0.2 

3.3 
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Site: ZAFARANA Date: 26-06-79 

Sampling location: Profile n - 11 - depth 20m 

DEPTH Surface 4m 8m 16m Bottom 

Temperature VC) 26.4 26.4 26.4 26.4 26.3 

pH 7.9 7.9 7.9 7.9 7.9 

To'ai settleable solids mg/I 5 60 10 10 5 

Organic settlable solids mg/I neglge-able neg.ne. neg.n . neg.ne. ng.ng 

Dissolved solids mg/I 46,800 47,200 46,800 47,100 46,700 

Total hardness meq/1 158 158 158 158 159 

Salinity w/w % 4.53 4.57 4.54 4.56 4.52 

Halides as C- mg/I 23,900 24,300 23,900 24,200 23,900 

Sulfates as 2-

SO4S 

mg/I 3,400 3,400 3,390 3390 
,ate 

3,380 
3,3s 

Bicarbonate as HCO 3 mg/I 178 189 183 183 183 

Na + mg/I 13,200 13,200 13,200 13,200 13,200 

Ca 2 + mg/I 600 500 500 00 600 

Mg3 
4-g/f 1,600 1,600 1,600 1600 1,6 

K mg/I 460 460 460 1470 460 

Fe 3 + mg/I 0.12 0.36 0.12 9.08 .04' 

ANALYSIS OF ZAFARANA SEA WA TER 

NOTE: The analysis at ibm aepth was used In the preliminary conceptual design 

SOURCE: EEA 
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APPENDIX F
 

TABLES OF COMPONENTS' SPECIFICATIONS
 

/a)f
 



Wind Power System 

ROTOR 

Uumber of blades
 
Blade support
 
Axis of rotation
 
Diameter
 
Rotor centerline height above 
foundation
 
Rotational speed (at 
rated power)
 
Rotational speed (maximum)
 
Free runping, rotational speed
 

with leathered blades:
 
Direction of rotation 
(looking upwind)
 
Orientation
 
Tilt angle
 
Power reaulation..
 
Cone angle
 
Solidity 
Swept area
 
Tip speed at 42 RrI'
 
Design tip speed ratio
 
Operational tip speed ratio range

Rotor power coefficient (maximum)
 
Torque at rated power
 

ROTOR CONTROL SYSIElI 

Pitch control, type
 
Fitch rate, maximum,
 
Overspeed control
 

I=U
 

Type

Vaterial 
Blade connection technique 

Diameter 
hanu facturer 

o cL 



F
 
B3LADE
 

Construction
 
Material
 
Length (root to tip)

Ground 
 clearance
 
Airof
 o i l section
 
Fitch
 
Twist
 
Chord:
 

Root
 
Tip
 

Chord taper 

flanuf ae'cu~er 

GEAR UIT 

Type
 
Ratio 
Rated power
 
Input speed
 
Output speed
 
Lubx icat ion
 
Eff;.c etcy (at rated power) 
l'anu{-zcfture r
 

,EERATOR 

ype
 
ated power 
ower factor 
ultage 
la ses
 
3eed (at rated power)
Jficiency (at rated power)
 
vqPI=,jcy
 

util-act ure r 

ECTRIC POWER TRArSIIlISSIOL 

wer transfer from nacelle 

id connection 
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RAKIIIG SYSrEI 

ir brake: 
Type 
Bcake set
 

Braking time
 
hanufacturet
 

channica brake:
 
Type
 
Brake set/release

Torque (referred to main slaft)
Er,. y ab orption
 
fa nutacurer 

TIROL SYSTEM 

e 
ufacturer
 

'LLE 

:rial 

'nsicnq. CL~ x W x 11) 

IATI Ot DRIVE 

lotation rate 
k ive/damper 

mal 

-ndiing frequency 
of access to nacelle
 

loot techitique
ft-turer 



ype 
or diameter 13 m (33 ft)!
 
Concrete
 
Re itiforcement
 

EIGHTS
 

lade (incl. counterweight)
 
otor (blades and hub)
 
acelle
 
Dwer, lower section
 

Upper section
 
Total
 

)tal system (excl. foundation)
 

ear unit
 
enerator
 

ERFOR1!ACE
 

ated power output 
aximum power 
ind speeds (at hub height): 
Start-up
 
Cut-in
 
fhaximum power output
 
Sh.t-down
 
hiaximum design
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RO System
 

1. Membranes
 

o Manufacturer, Country
 

o 
 Type
 

o 
 ODS
 

2. High Pressure Pumps
 

o Manufacturer, Country 

o Number of Stages 

o Type 

o Operating Pressure 

o Operating Flow Rate 

o Operating Efficiency 

o NPSH 

o Dimensions 

o Weight 

o HP 

o RPM
 

o Impeller Size 

o Impeller Material 

o Casing Material
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3. Pretreatment system
 

o Manufacturer
 

o Number of Stages (Cleaning cycles)
 

o Type
 

o Operating Temperature
 

o Weight
 

4. Chemical Feed Pumps (If Any)
 

o Manufacturer, Country
 

o Type
 

o Number of Stages
 

o Operating Pressure
 

o Operating Flow Rate
 

o Operating Efficiency
 

o Dimensions
 

o Weight
 

o NPSH
 

o HP
 

o RPM
 

o Impeller Size
 

o Impeller Material
 

o Casing Material
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5. Chlorinator
 

o Manufacturer, Country
 

o Feed Rate (kg/day)
 

6. Well Pump
 

o Manufacturer, Couintry
 

o Type
 

o Number of Stages
 

o Operating Pressure
 

o Operating Flow Rate
 

o Operating Efficiency
 

o Dimensions
 

o Weight
 

o 
 NPSH
 

o RPM
 

o Impeller Size
 

o Impeller Material
 

o Casibg Material
 

7. Battery
 

o Manufacturer, Country
 

o Type
 

o Efficiency
 

o Charging Max. Volt.
 

o Charging Max. Current
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o Output Kwh
 

o Output Voltage
 

o Dimensions
 

o Weight
 

o Temp. Limits
 

8. Inverter (If Any)
 

o Manufacturer, Country
 

o Type
 

o Rated Output Power
 

o Rated Output Current
 

o Output Voltage
 

o Outp,.t Frequency
 

o Rated Input Voltage
 
o Dimensions
 

o Weight
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