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EGYPT: [ISMAILIA THERMAL
POWER PLANT - AMENDMENT

SUMMARY AND RECOMMENDATIONS

1. Grantee: The Government of the Arab Republic of Egypt.
The grant application is attached as Annex A.

2. Grant Amount: $42 million, increasing Grant No. 263-12-220-009
from $39 miTTion to $141 million.

3. Executing Agency: The Egyptian Eleciricity Authority, a separate
entity within tze H‘nistry of Electricity.

4. Terms to the Executing Agency: A grant, to form part of the
Egyptian Electricity Authority's equity capital.

5. Description of Project: The construction of a 300 MW thermal
power plant, near the Suez Canal City of Ismailia. The plant will
provide power general capacity to the Egyptian electric power grid.
The project is part of the U.S. assistance for the reconstruction and
development of the Suez Canal area where principal cities, infra-
structure and basic facilities, including power, have been extensively
damaged during the longer period of intermittent warfare.

6. Purpose of Grant Amendment: To provide additional foreign
exchange for an increase of the estimated project cost.

7. USAID/Cairo View: USAID/Cairo recommends that the proposed Grant
Amendment by authorized.

8. Statutory Criteria: A1l statutory criteria have been satisfied;
see Annex D.

9. Recommendation: Authorization of an Amendment to Grant No. 263-12
-220-009 to increase it from $99 million to $141 million in accordance

with the terms and conditions set forth in the draft Grant Authorization
included as Annex B.

10. Project Committee:

Chairman Robert N. Bakley
Loan Officer Charles J. Patalive
Engineer John Callahan
Economist James Norris
Program Officer George {zudato
Attorney Steve Tisa

o= jv -
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I.  INTRODUCTION

On May 30, 1976, the Government of the Arab Republic of Eqypt (GOE)
and the United States of America signed a grant agreement (A.I.D.
Grant No. 263-12-220-009) to assist in the financing of a 300 MW
thermal powver plant near the Suez Canal City of Ismailia. The tota)
project cost was then estimated at $99 million in foreign exchange
(FX) and LE 24 million local costs. AID's grant covered the esti-
mated FX cost. The local costs were to be provided by the Egyptian
Electricity Authoritv (EEA), the implementing agency. Justification
for the project was set forth in the A.I.D. project paper, "Egypt:
Ismailia Tharmal Power Plant", May, 1976.

In June, 1977, Gilbert Associates, Inc., a prominent U.S. consul ting
firm under contract to the EEA, completed its preliminary design
report on Ismailia including a review of the cost estimate. Based
on that review, the project cost is now estimated at $141 million in
£X anc LE 14.5 million in local costs.

AID's Grant Agreement requires, in Section 4.02, the GOE to provide
all resources in addition to the Grant needed to carry out the pro-
ject. While the GOE recognizes and accepts this requirement, fin-
ancially it is unable to comply with it timely. The GOE therefore
sought assistance from other sources -- the World Bank and Arab
donors. The former organization declined and the latter organiza-
tions indicated that, prior to deciding whether they would provide
assistance, they would require considerable time to appraise/review
the project. Consequently, the GOE requested A.I1.D. assistance in
financing the increased FX cost of $42 million. The GOE's and EER's
letters requesting A,1.D. assistance are shown in Annex A-1 and Annex
A-2, respectively.

In view of the substantial delay that will obtain by attempting to
locate other sources fo FX -- which would then further increase the
project cost -- and the importance of this project to Egypt, we are
recommending that A.I.D. increase its Grant from $99 million to
$141 milldon -- an increase of $42 million.

An additional consideration in recommending that A.I.D. fully fund
the FX cost is the effect split funding could have on project design
and implementation. As presently planned, this project will be con-
tracted to a single responsible contractor (turn-key) which we, and
the GOE, believe is the only way we can hope to complete the project
within the proposed construction schedule; all of the EEA's existing
projects, using split responsibility type contracts are behind
schedule and stil] slipping. The GOE and EEA would like to see A.I.D.
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duplicate the successful Cairo West Power Plant, a previous A.I.D.
project completed on time and within budget and sti11 considered
the premfer plant in EEA's system. Allowing other donors into
the firancing picture will have some effect on procurement since
each will insist on international tendering; and A.1.D.'s over-
all control of the project will certainly diminish since we sould
be required to coordinate our actions with others.

This paper provides an explanation of the cost increase, reviews
the current status of the project schedule, and where pertinent,
reappraised the technical, economic and financial viability of the
project. '
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II. BACKGROUND

The Ismailia Therma’} Power Project was appraised by Sanderson and
Porter (S&P), a U.S. consulting engineering firm and A.1.D.'s
Requirements Contractor for electric power projects. S&P's report
was completed in November 1975 and included Load and Generation
forecasts, site selection and cost estimates. Subsequent to S&P's
report and prior to A.1.0.'s project authorization the site was
changed to a location adjacent to the Great Bitter Lake.

Conditions Precedent to Initial Disbursement (CP's) included lega!
opinions, specimen signatures, confirmation of the new site and an
executed contract with a consulting engineering firm for project
implemtnation. The Terminal Date for meeting CP's was set at
Spetember 27, 1976, 120 days after agreement signing. The date,
however, proved to be unrealistic and CP's were eventually met in
February 1977. The critical event which delayed satisfying CP's
was the election of the consulting engineering firm. Table 1

1ists chronologically the pertinent dates in the selection process.

TABLE 1
SELECTION OF CONSULTING ENGINEER

Date Event

1976

April 19 CBD notice published inviting firms to prequalify.
May 19 Pre-qualification material received from 17 firms,
June 29 Four firms short-listed.

July 6 Request for proposals mailed.

August 26 Proposals received.

October 7 Firm sélected.

October 20 Negotiations started.

December 12 Negotiations completed.

December 20 EEA Board approval of contract.

1977

January 5 Contract signed.

May S U.5. dollar letter of credit issued.

17)<



2.03 As can be seen from Table 1 selection of and contracting with the
consulting engineer took 261 days, a time we find normal in host
country contracting. Fortunately, we started the selection pro-
cess on April 19, 1976, 41 days befor:. the Grant Agreement was
signed, or ther would have been further time required in satisfying
CP's.

2.04 The four month delay in the opening of a letter of credit was
caused by problems with local banks not being familiar with A.I.D,

procedures; a problem that stil1l haunts the Egypt capital develop-
ment program.

2.05 The consulting engineering firm selected by EEA is Gilbert Asso-
lates, Inc. of Reading Penn. Gilbert's scope of work is shown
in Annex E. The preliminary Project Report, required under
Section 3.1 was comploted by Gilbert in June 1977 and delivered
to EEA and A.1.D. in July, 1977.



ITI. CURRENT FINANCING REQUIREMENTS
A. Definition of the Financing Gap

3.01 The revised cost estimate baser on Gilbert's "Preliminary Project
Report" is estimated at $140,5%2,680 and LE 14,441,800. Table 2
beiow compares the current estimate with that shown in the original
Project Paper.

TABLE 2
COMPARISON OF PROJECT COST ESTIMATES

S&P Gilbert Difference
(4676) 6/71
U.S. Dollars 99,000,000 ,092, 41,592,680
Egyptian Pounds 24,000,000 14,441,800 (9,558,200)

B. Reasons for Increase

(o
D
[N

Analysis of the original and revised cost estimates has identified the
following capital cost increases and decreases for the Ismailia

thermal power plant: (1) increased dollar costs and reduced Egyptian
pound costs due to the EEA-A.1.D. decision to seek full turn-key
responsibility on the part of the prime U.S. contractor for civil

works construction as well as for supply, erection, and installatfon

of the equipment; (2) additional unanticipated equipment and other

new or expanded items; (3) increased contingency amount; (4) increased
engineering services costs.

3.03 The Pound to Dollar Shift: When the project was originally appraised
in the May, 1976 project paper, a contract for the supply, erection,
and installation of equipment, including responsibility for civil
works, was then contemplated. It was further contemplated that local
civil works would be carried out under the supervision of the U.S.
prime contractor via sub-contracts with Egyptian construction firms
that would use their own equipment and would supervise all civil
construction subject to general overview by the prime contractor.
Gilbert has now completed its review of the capability of Egyptian
firms to carry out this work and concluded that the most capable
Egyptian firms are overloaded with work and are not available for this
project. Other firms lack the necessary equipment, experience and
supervisory staff for this major task. Gilbert has therefore recommended
that the prime contractor be required tc fully assume responsibility
for civil works and be required to provide his own construction equip-
ment. Given also the responsibilities the contractor must assume, we
believe the contractor will provide U.S. personnel for construction
supervision.

[D X



3.04

3.05

3.06

3.07

EEA and A.I.D. fully concur in this change 3 scope. The delays
in the construction of EEA's two European-financed power projects
(Kafr E1 Dowar and Abu Kir) have been attributed to delays by the
Egyptian contractors, premarily because of outmoded (or non-
existant) equipment and poor construction supervision. Unfor-
tunately, for these two projects, the foreign supplier has little.
or no control over the Egyptian contractor since the Egyptian
contractor's contract is with the owner (EEA) and not with the
foreign supplier.

Additional Items: Due to the nature of the project, a number of
Ttems are now included in the project that were not anticipated
when the original grant was authorized. For example, due to
severe shortages of cement, the turbine building has been rede-
signed to use a high level of U.S. structural steel. Rebar
originally was planned to be a domestic input but based on further
analysis and tests, the quality is such that prudence dictates
that this item now be imported. Also, Giibert has recommended
additional fuel storage, increased warehouse and garage facili-
ties, and a larger initial spare parts supply. And the training
program for EEA's personnel nas been expanded to.ensure that,
prior to start-up, staff will be adequately traineu to operate
and maintain the plant.

EEA anc A.1.D. fully agree with Cilbert's recommendaticns. The
additional hardware items -- structural steel, rebar -- maxe

sense and the additional facilities -- warehouse, garages, fuel
storage -- are needed given the degree of independence this plant
must maintain given its location. Lack of spare parts is endemic
throughout EEA's system and is the major cause of generation
failure in Eqgypt today. And, initially, we had thought that EEA
had an ample supply of trained operators which would be transferred
to the Ismailia plant. This, however, is not the case. The
emigration of EEA's peronnel primarily to other Arab countries
over the past years has so depleted EEA's reservoir of talent that
it is presently having problems operating existing plants, let
alone have personnel available for the new plants.

On the question of training, A.I.D. is assisting EEA in solving
this overall problem. EEA has contracted with Overseas Advisory
Associates, Incorporated (OAAI), a non-profit organization, whose
raison d'€tre is to train middle-management personnel in the
management techniques of operating a power system. OAAI has
previously completed successful programs in Iran and Saudi Arabia.
Under the EEA program, OAAI will train 200 personnel over a
period of one year.
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3.09

3.10

3.1

Contingencies: The original contingency recommended by S&P was
Five percent of capital cost, equivalent to $4.6 mi11ion. Gil-
bert has now recommended that a 13 percent, or $15.6 million, con-
tingency be used, primarily because the cooling water intake/
outflow system may need to be changed (see technical section).
This change has added approximately $11.0 million to the project
cost.

Again, EEA and A.I.D. agree to this increase. Experience on
existing projects in Egypt shows that ten percent is a more
realistic fiqure than five percent, and is consistent with recent
IBRD allowances for similar projects.

Engineering: The original cost estimate assumed that all engineering
wouTd be done by the supplier and would form part of his lump-sum
bid with little additional engineering services needed. The
original estimate for these additional services was $1.3 million.
Based, however, on the detailed technical proposals of the four
engineering firms short-listed (see Para 2.02§ ncne viewed the
work at the level estimated by S&P. EEA and A.I.D. made a
detailed analysis of the levels of effort proposed and the tasks
involved and considered the man-month estimates to be realistic.
Another factor has been the rapid increase in the cost of foreign
personnel. Man-month costs have increased from a range of $5-6
thousand per month in the past two years.

C. Cost Estimate

The revised cost estimate is shown in Table 3 below. Annex F
provides the detailed cost estimate.



omwmwbwm.—-

— —
b (=]
L] -

TABLE 3
Revised Cost Estimate

u.s.
Dollars
Equipment $ 52,243,000
Piping 3,908,000
Civil Works 6,581,000
Electrical - 14,510,000
Switchyard 4,207,000

Miscellaneous Indirects 22,362,000

A & E Services 4,589,680
Contingency 15,572,000
Escalation 16,620,000
Totals $ 140,592,680
Rounded Totals $ 141,0 million

Egyptian
Pounds

LE 1,092,800
570,000
3,477,700
458,300
367,100
2,593,000
316,800
2,140,000
3,426,100

LE 14,441,800
LE 14.5 million

|3
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4.0

4.02

4.03

4.04

IV. LOAD AND GENERATION FORECASTS

The 1oad and generation forecasts included in the original Ismailia
Project Paper were based on studies by S&P in November 1975. For
demand projections, two analyses were performed --one using esta=
blished methods of forecasting titled "Long Range Forecast" and a
second which tock cognizance of the Egyptian economy titled "Short
Range Forecast". Both forecasts prove to be conservative at least
for the first two years projected. Table 4 below shows a compar-
ison of the two forecasts with the actual experience.

TABLE 4
ACTUAL VS. PROJECTED DEMAND 1975-1976

(Megawatts)
Long-Range Short-Range
Year Forecast Forecast Actual
1975 1,582 1,643 1,733
1976 1,766 1,867 1,909

As noted in the original Ismailia Project Paper, EEA has continued
the services of S&P wvith financing provided by UNDP and the World
Bank acting as Implenenting Agency. (S&P's scope of werk for these
services was included as Anne< L to the Project Paper.) S&P, with
EEA assistance, has prepared revised projections. These projections,
including methodology, assumptions and conclusions are included as
Annex G -- Sanderson & Porter, Inc., "Phase I System Planning and
Diagnostic Report", April 1977.

For demand projections, S&P again separated its projects into two
parts -- a short-range forecast (1977-1985) and a long-range forecast
(1985-2000). These forecasts are shown in pages 8 and 40 of Annex C.

On the projected generation side, four assumptions which formed the
basis of the 1975 projections have proved to be incorrect. First, and
most important, was the filling of Lake Nassar in 1976 -- an event

not expected to occur until 1981 -- whichallows the Aswan and High Dam
hydroelectric plants to generate more energy. Secord are _he delays
in the construction of the Kafr E1 Dowar and Abu Kir thermal plants.
Completion of these plants has been delayed ome or two years, and the
schedule is still slipping. Third is the further deterioration in
EEA's existing system, with most plants not operating at rated capa-
city. Fourth is the additional new planned generation not anticipated
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-- especially the increase in the Abu Kir plant from 300 MW to 600 MW
and the Suez plant of 300 MW. The net effect of these changes is that
the installed generating capacity has increased, but not to a great
extent. The unused available generating capacity, through 1982, is
shown on page 13 of Annex G. ?S&P's rcport also provides an in-depth
analysis of the capability of the Aswan and High Dam hydroelectric
plants, a controversial subject. In summary, despite the filling of
Lake Nassar, the installed name-plate capacity of 2,445 MW cannot

be effectively utilized).

The conclusion drawn by S&P is that all plants now under construction
or in planning are justified; and EEA must immediately plan for
another 600 MW plant to start commercial operation in 1983.

USAID concurs in S&P's conclusions. We do, however, believe the sit-
uation is more critical than S&P's repcrt indicates. First, we
believe the demand projections are still understated and will more
closely parallel those projected by the Nuclear Power Plants Author-
ity shown on page 10 of Annex G. Second, we believe S&P's schedule
of when new generation capacity will come on stream is unrealistic,
especially the projection that the third and fourth units of Abu Kir
will start commercial operation in 1981, one year behind the start-
up of units one and two, which itself is an optimistic schedule.
Third, we believe S8P's projected output from the existing plants is
optimistic, considering EEA's existing experience. Note that S&P
projects most plants to operate at full capacity and projects output
from the Aswan/High Dam Hydroelectric units at 2,360 MW despite the
fact that output will probably be limited to 2,010 MW because of the
penstock design.

Assuming, however, that S&P's projections are correct, with the
Talka/H21wan Gas turbine units and the Ismailia Steam Power Plant on
stream, timely, EEA's situation remains poor and without these plants
the situation is critical. EEA's system is such that a plus 30% reserve
requirement is necessary for stability. The following table shows

EEA's reserve capacity, using S&P supply/demand projections exeept as
noted, with and without the Talka/Helwan and Ismailia plants.
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Year

1977
1978
1979
1980
1981
1982
1983

TABLE 5
AVAILABLE RESERVE

Generating Less Net
Capacity Talka-Helwan Capacity
(MM) Ismailia (MW)
2 - 2
32N - 3271
3568 300 3268
4075 300 3775
4343 300 4043
5250 600 4650
5611 600 4911

Reserve
Demand With W/0
(percent)
2192 19 19
2470 17 17
2678 25 18
2942 28 23
3192 27 21
3578 32 23
4028 27 18

1/ The commercial operating dates of the Talka/Helwan and Ismailia projects

do not agree with the present schedule.

However, since these plants

are deducted from the generating capacity, the {1llustration figure are
accurate.

2/ Sanderson & Porter projections show the Abu Kir's: third and fourth

units starting in 1981.

It is not 1ikely that the first and second

unit will be in operation by 1981 let alone the next two units. We,
therefore, have shifted the start-up to January 1, 1983.
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V. TECHNICAL ANALYSIS

There has been no fundamental alteration of the original technical
configuration of the Ismailia steam plant. It will have two

nominal 150 MW steam turbine generators arranged on a unit basis;
that is, one steam generating unit will feed one turbine generator
unit., Each unit will have a steam generator that will burn either
heavy fuel oil or natural gas, unitized power generation auxiliaries,
and a unit step-up transformer. Common facilities for the two

units will include a 220 kilovolt switchyard, intake and discharge
facilities,make-up water treating equipment, fuel handling facili-
ties, and a service building.

The plant will be arranged for remote centralized control from a
common control room between the units. The turbine steam cycie will
have multiple stages of feed-water heating and one state of reheat.
The initial steam conditions will be 1800 pounds per square inch,
950°F. with a 950° F reheat. The turbine generator will have the
capability of operating at 105 percent of rated initial steam
pressure and will have a five percent flow margin. The maximum
generation under these conditions will be about 164,000 kilowatts.
The generator and power generation auxiliaries will be sized on the
basis of this maximum generation. The maximum output from the plant
with a normal auxiliary power consumption will te about 310,000 KW.
The generator rating will be 190,000 kilovolt amps at a 0.90 power
factor. Auxiliary power will be distributed at 6.3 KV and 400
volts.

Condenser cooling water will be ob! ined from the Great Bitter Lake
using an oper cooeling cycle. The design of the cooling water intake
and discharge system depends upon precise knowledge of the under-
water configuration of the lake. This configuration has recently
been subjected to an unknown degree of future alteration because the
Suez Canal Authority has given unlimited dredging and spoil dis-
charge rights in the lake to a Japanese firm engaged for the Canal
deepening and widening project. (That project is intended to permit
the passage of the largest super-tankers through the Suez Canal.)

If the spoil is discharged along the western shore, water depths,
already shallow, could become so shallow that hot effluent would be
recirculated through the intake system unless intake pipes were
lengthened or cooling towers erected. To resolve this potential
technical problem, the EEA intends to explcre with the Suez Canal
Authority various solutions that would involve limiting or re-
directing the Japanese dredging contractor's unlimited spoil dis-
charge rights. A.I.D. will make satisfactory resolution of this
problem a further condition precedent to disbursement of grant
amendment proceeds.

| 1%
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5.04 Annex H shows the proposed plot plan; Annexes I and J show the proposed

ground and operating floor arrangements; and Annex K shows the proposed
arrangement of the operating sections.
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VI. ENVIRONMENTAL ASSESSMENT

The environmental assessments of the Ismailia Power Plant have been
examined by S&P in July 1976, and by Gilbert in April, 1977. Both
assessments resulted from site visits and discussions with personnel
in Egypt as we}l as perusal of various documents which were available,

Annex L shows in table form the potential significant impacts of the
project and, when appropriate, the mitigating measures recommended.
Follewing is the narrative discussion of the environmental assessment.

A. Physical Environment

Water: Water will be withdrawn from the Sweet Water Canal (See

Annex H) at the anproximate rate of 200 gallons per minute (0.9 cubic

meters per minuteS, for use as boiler makeup, domestic, cleanup and
for other miscellaneous water needs of the plant. The water in the
Sweet Water Canal originates in the Nile and flows via canal South-
east 135 kM to Ismailia and then to Suez. The 200 GPM proposed
withdrawal for use at the Power Plant represents approximately 26
percent of the amount being used by the city of Ismeilia now and
1.2 percent of the proposed use by Ismailia by year 2000. Both S&P
and Gilbert have concluded that the withdrawal of 200 GPM from the
Canal will not significantly affect the overall flow of the canal.

Cooling water will be withdrawn from and returned to the Great Bitter
Lake at approximately 20,000 GPM. The lake is connected via the

Suez Canal southward to the Red Sea and Northward to the Mediterranean
Sea. The lake contains approximately 1.4 KM3 of water and is 20.5

Km lony and 11.5 Km wide. The withdrawal of 200,000 GPM is not
expected to affect the physical characterisitcs of the lake. The
water discharged will be approximately 10C (18F) above ambient lake
temperature. The discharge of this water will be designed and

located to avoid recirculation. The prevent damage to aquatic life

in the lake, chlorine used to control bio-fouling in the condenser tubes
will be controlled to 1imit free available chlorine concentration
discharged into the lake to an average of 0.2 MG/1 and a maximum of
0.5 MG/1. A1l other wastes produced by the plant will be disposed

of in either percolation -- evaporation pools or in a cesspool; none
will be discharged directly into Great Bitter Lake.

To protect against oil spills which would contaminate the Lake, dikes
will be constructed around oil storage tanks and curbs will be con-
structed around unloading facilities. It is unlikely that any oil
spi11 would contaminate the Sweet Water Canal since the ground slopes °
toward the lake and away from the canal.

|47
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6.06

6.07

6.08

6.09

6.10

6.1

Air dispersions from the plant will contain emissions of sulfer dioxide
(502) and Oxides of nitrogen (NOx). The predominating wind direccion
will carry the pollutants over the Great Bitter Lake away from the
populated areas. However, when the wind changes, or when the wind blows
perpendicular to the toiler, emissions will effect those working at

the plant. To correct this problem, the stack height would have to be
at least 75 meters above ground. Military restrictions, however,

limit the stack height to only 40 meters (see Annex K). Fortunately,
the plant is expected to burn almost sulfur free natural gas; therefore,
emissions should be tolerable.

B. Biotic Lavironment

The 1intake structure for the fresh water supply from Sweet Water Canal
will be cesigned with a trash rack and screen with a 3/8 inch mesh size
to prevent entrainment of organisms and acquatic weeds and the approach
velocity will be less than one foot per second to allow motil organisms
to avoid entrainment.

The abundance of marine 1i1fe in the Greater Bit .er Lake has been docu-
mented in a 1977 report entitled, "Report on Some Information on Bitter
Lakes Needed for Establishing Power Plant of 300 MW", by Dr. Sharar El
Din, M. M. Osman and E1-Maghraby of the Alexandria University Ocean-
ographic Department. Forty species of fish from the Great Bitter Lake
were reported.

The high water temperatures which will exist in the immediate area of the
heated discharge plume in the Great Bitter Lakes during the summer will
be lethal to most plants and animals. Pro and post larval stages of a
mullet species (Mugil sp.) which breeds in the shallow waters of the
Great Bitter Lake are killed by temperatures which exceed 32C (89.6F)
(Krenkel, B.A. and F.L. Parker, 1968. Biological Aspects of Thermal
Pollution. Vanderbilt University Press, Nashville, Tennessee). In

July, the plume temperature may exceed 32C, 600 m away.

The result of the termal plume will be an area in the lake which i¢ void
of most floraand fauna. This condition will be created after the ecology
of the lake has been severely disrupted and destroyed by the massive
spoils disposal program which will take place between 1977 and the

early 1980s when the Suez Canal is widened. Operation of the power plant
and 1isposal of the heated water in the Great Bitter Lake will simply
prevent recolonization of those areas affected by the hottest portions

of the thermal plume.

During periods of migration or spawning, organisms could be so abundant
that the screens at the intake structure could become clogged with inden-
gous organisms such as mullet or mussels. Clogging has occurred at the
100 MW thermal power plant in Suez when mussels obstructed the five milli-
meter mesh self-cleaning rotating screens.

q/\)
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6.12 To avoid these potential impacts of impingement, entrainment and

6.13

6.14

entrapment, the following measures will be considered during design
of the intake structure.

1. Avoid placing the intake structure in vital areas including
such entities as grass beds, shell-fish beds, cuts and passes,
migration pathways, and spawning and nursery areas.

2. Provide maximum approach velocity to screen of 0.75 fps.
3. Provide through screen velocity of 1.5 fps.

4. Provide a trash rake.

5. Provide a screen mesh size of 3/8 1in.

Terrestrial Ecology: Habitats for the indigenous flora and fauna
wiTT be destroyed when the approximately 50.08 acres (202,500 m2)
of the site are converted from productive agricultural land to
jndustrial land void of most terrestrial habitats. Existing

flora consists predominately of cultivated crops. On April 26,
1977, bean, tomato, squash. wheat, hay and other crops were growing
on the site. Animals which are disturbed during construction can
find suitable habitat in the agricultural iand adjoining the site.

C. Human Environment

The 50.08 acres (202,500 m2) of the site and the surrounding areas are
in sparsely populated agricultural land. The nearest population
center (Abu Soltan) is situated approximately one kilometer west

of the power plant site. Land is presently used to grow crops which
include beans, squahs, tomatoes, hay and wheat. At least 20 stone
houses or barns are on the land. The negative aspect of removing
the agricultural land Trom active production and resettling the
residents is outweighed by the increased electricity (300 MW) pro-
vided by the project and the positive economic consequences of doing
so. The Egyptian Government will compensate residents and/or owners
of the land who are displaced as a result of the project.

LK
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7.01

7.02

7.03

7.04

7.05

7.06

VII. FINANCIAL ANALYSIS

A. General

In the May 1976 Ismailia Project Paper, we described the current fin-
ancial conditions of EEA and the actions underway to correct the 2ro-
blems. Those actions were: the act creating EEA whirh would allow
it more freedom and independence on financial matters; the increase
in tariffs; and the employment of EEA of Sanderson & Porter, financed
by UNDP to study FEA's financial system and recommend corrections.

The new act creating EEA as a separate entity has onlv just been
approved by all parties, and EEA has not yet exercised any of the new
authority it now has. Politically, we expect EEA to rove very cau-
tiously on such matters as tariffs and additional compensatinn for
employees in the form of incentives and bonuses. The important point,
however, is that the act is now in pla2te; and while moving EEA to
implement the act may take time, we are at least at the starting gate.

The increase in the sales price of electricity described in Para 6.03

of the original Proiect Paper, has now been implemented and, as
expected, it allowed EEA to earn its first profit in many years, at
least on paper. Given EEA's antiquated accounting system, the accouting
policies it follows, or not follows as the case may be, and its bad

debt experience, it will be many years before anyon can attest to

EEA's financial statements,

Sanderson & Porter has now completed Phase [ of its Scope of Work.

Its report, dated November, 1976, lists 58 recommendations or actions
EEA should take in the areas of energy policy, organization and manage-
ment, system operations, system planning, accounting and finance,
tariffs and training.

Eighteen of the recommendations were in the areas of accounting and
finance and five on tariffs. We have reviewed each of the recommenda-
tions and do not consider them appropriate for inclusion as additional
condition< cr covenants for the grant increase. The financial covenants
proposed in the original Ismailia Project Paper -- debt to equity

ratio and reriturn on investment -- have been accepted by the GOE and EEA
and are included in the Grant Agreement. Also, the World Bank has
concluded the same convenants as condition: to its loan to the EEA for
electric distribution.

B. Financing Plan

EEA's debt to equity ratio has further deteriorated from a ratio of
2.36:1 at December 31, 1974 to 2.50:1 at December 31, 1976. It wil
probably further deteriorate as disbursements increase on its two large
loan-financed projects -- Kafr E1 Dowar and Abu Kir. On the other hand,
EEA's assest are understated since some were financed by grant funds
which were not accounted for on EEA's books. OQur existing Grant T;,
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Agreement requires EEA to earn a nine percent return on its assets in
operation appropriately valued and, from time to time, revalied.
Sanderson & Porter, working with EEA, 1s now engaged in the valuation
task. For AID's original grant for the Ismailia project, we recommend
that it be passed on to EEA by the GOE as a contribution to EEA's
equity capital, since our expectation is that even after assets are
properly valued, EEA's debt to equity position will be less than
satisfactory. We again believe this is the best method of helping
EEA and therefore recommend that the grant increase of $42 million

be passed on to EEA by the GOE as a contribution to EEA's equity
capital. The local currency project costs of LE 14,441,800 will be
provided by EEA from its internal cash generations.

C. Ismai]ial/

7.07 Looking at Ismailfa as a spearate entity, its annual revenues are
equivalent to $21,840,000 calculated on the basis of 1,680,000,000
KWH of salable electricity (75 percent load factor, 8,760 hours per
year and a 17 percent loss) at an average sale price of 1.3¢ per
KWH. Annual cash operating ocsts, based on the current subsidized
price of fuel oil and the current low wage rate are as follows:

TABLE 6
ANNWAL OPERATING COSTS

Fuel and 1ts transportation $5,913,000

Operating and Maintenance
Generation 169,000
Transmission and Distribation 281,000
$6,363,000

Using these values, Ismailia has an internal financial rate to return of
Just about nine percent. Assuming the plant is depreciated over 25
years, 1t will show a profit, before interest, taxes, and head office
administrative charges equivalent to $15.5 million per year.

7.08 The project, therefore, will make a positive cash contribution to EEA.
Based on the current sales price and subsidized fuel costs, it will
meet A.1.D.'s covenant that EEA earn a nine percent return on its
assets. If, however, the price of fuel is increased, EEA sales price
of electricity will have to be increased accordingly if EEA is to
continue to operate at a profit.

1.7 In the original project paper costs and revenues were shown in
U.S. dollars converted at the official rate of exchange (LE .39 equals

US $1.00). This paper uses the parallel market rate LE .7
US $1.00)and therefore is more realistic. ( 0 equal LIK
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7.09

D. Disbursements

Except for payments to Gilbert, disbursements are not expected to
compence until the third quarter of 1978, A1l disbursements will
be completed by the third quarter of 1982. Annex M shows the
project disbursements by quarter and Annex N shows the project
disbursements by inputs.
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VIII. ECONOMIC ANALYSIS

A. General

8.01 The primary benefit of this project is the economic value of the
electricity that will be generated by the Ismailia thermal power
plant. The amount of usable electricity that will be produced and
delivered to users, per year, is 1,680,000,000kWH. The true economic
value of a KWH of electric power should be based on an estimate of
customer's willingness to pay, based in turn on the shape of
direct demand curves for the products of commerical and industrial
users. For Egypt, such an analysis is not possible given the sub-
sidies and controls that permeate all sectors of the economy. For
electricity, tariff structures are formulated by the Ministry of
Electricity and EEA under guidelines established by the GOE. Tariffs
for larger customers, such as aluminum, iron and steel and fertilizer
are negotiated on an individual basis; and special rates are charged
for other purposes, such as irrigation. Rates, therefore, are based
on the Government's desires to subsidize the user.

8.02 Despite the wide rate variance between users, the G0E has tried to
assure that overall average rates are set a a level which allows EEA
a reasonable profit. The GOE's definition of a reasonable return is
three percent over operating costs; not a normal method of setting
rates. EEA's costs, however, are also to some extent subsidized,
the most notable subsidy being the cost of fuel oil for its thermal
power plants. Therefore, the overall average power ratcs, set at
a level to allow EEA a reasonable return, represent an overall subsidy
and a cost to the national economy. Our best guess is that the
average overall rates would need to climb to about 3.5¢ to 4.0¢ per
KWH from the peesent average of 1.3¢ per KWwH 4f EEA were to pay full
cnst for all its inputs and average in the relatively cheap hydro-
power and tne more expensive thermal power plants operating on fuel
oil.

B. Ismailia

8.03 The internal economic rate of return of the Israilia project is the
discount rate which equates the present value of the time streams of
the attributable costs and benefits over the projects assumed life
of 25 years. In the case of Ismailia, the real value of the benefits
to the economy is estimated at 4.5¢ KWH. On the cost stream, we have
included 08M for the distribution system, a capital recovery factor
(using a 15 percent discount factor) to account for the additional
investment in the distribution and transmission system that will be
required, and the impact of an estimated 17 percent loss factor. The
current export price for fuel 0il has been used rather than the sub-
sidized domestic price. With these adjustments to costs and using
the parallel foreign exchange rate of $1.43/LE the economic internal
rate of return is calculated to be 20.29.

LEX
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9.0[

9.02

A. Ceneral

IX  IMPLEMENTATION

There has been no fundamental alteration to plans for project
implementation since preparation of the May, 1976 project paper,
other than the revised concept for civil works exccution des-
cribed in para 3.03. Supply and erection of the plant will be
carried out by a single-responsibility contractor who will de
sign, engineer, supply equipment, supervise civil works and
start-up services.

The proposed basis for reimbursement of the contractor is as follows:

1. A lump sum basis for:

A.

c.

D.

F.

G.

H.

I.

Engineering, design, detailing, drawings,
procedures and specifications.

Construction supervision, site enginecering,
inspection, and other related services.

Furnishing and delivering major U,S. furnished
equipment including boilers, turbine-generators,
main condensers, main pumps, heat exchangers,
large transformers, switchgear, motor control
centers, etc,

All other U.S. furnished material and equipemnt such as
structural steel, piping, cable and conduit.

Spare parts for item "C',
Mobilization and demobilization.

All installation, testing, and start-up
costs other than labor.

Bonds and insurance.,

Training progran.

2, A lump sum plus escalation based on standard U,S. indices

for.,

A.

Installation and start-up labor (U.S. source and
origin),

3. A direct cost, not to exceed a target cost, plus a fixed
fec for locally procured items such as:

A.

B.

Earthwork.

Concrete and other local building materisls, h\/



23

C. Llocal transportation of materfal and equipment,

D. Installation, testing, and start-up labor.

B. Schedule

9.03 The original project schedule planned for both units to be in
commercial operation by April 3C, 198l1. Based on the revised schedule,
one unit {s now planned to be put in commercial operation by August 30,
1981 and the second unit by June 30, 1982, The revised schedule is
predicted on the relcase of the Invitation for Bid (IFB) on October 1,
1977 with contract award in April, 1978. This date appears very tight
and will depend on EEA acting promptly on the bidders list. The IFB
has been drafted and is now being reviewed by EEA. Prequalification
material from interested firms is due on September 1ZI, 19/7. Annex P
shows the Critical Path on the Summary Level Milestone Schedule.
Anncxes Q and R show the schedule on a bar chart f(crmat.

9,04 The total change in project schedule is 14 months. Seven of these
months were the time required by EEA to employ the consulting enginecr.
Originally, we belicved this could have been accomplished by
Scptember 30, 1976 since we had started the selection process prior to
Crant Authorization. This, however, proved to be unrecalistic as was
cxplained in para 2.02., An additional three months were added to the
time to review EEA's draft IFB and release the document to prequalified
bidders. We had originally believed EEA's documcat was of the quality
to allow its relcase almost concurrently with the cf{fective date of the
consulting cngincer's contract, Further inspection proved this not to
be the casc. The remaining four months is Gilbert's current evaluation
of delivery time for critical items, 1In summary, while the project will
fall somewhat behind its original schedule, that original schedule was
simply too optimistic.

C. Tenminal Dates

9.05 Conditions Prccedent: The initial conditions precedent to disbursement
have becen met. Conditions precedent to disbursement for specific goods
or services (other than consulting engincer) havz not yet been met.
The final event will be the contract with the single-responsibility
contractor. There is no terminal date for these subsequent CP's,

9.06 Letters of Commitment and Disbursement: The terminal date for the
opening of Letters of Commitment was originally set at December 31,
1980 and the Terminal Date for disbursements at December 31, 1981.
Based on the revised schedule, we recommend that the dates be shifted
by one full yecar. Assuming both units ave in commercial operation
by June 30, 1982, this will allow six months for final contract pay-
mcnts,

1 X
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9.07

2,08

9.09

9.11

D. Evaluation

The purpose of the Ismailia Thermal Power Plant is to meet the energy
requirements of reconstruction in the Suez Canal area, and to meet
power demand of other arecas of the country through connection with the
national power grid. The primary goal of providing ecnergy through the
Ismailia Plant is industrial and household reconstruction and growth
in the Suez Canal area.

During construction, satisfactory information for implementation
management will be obtained from normal monitoring procedures, which
will be based on a critical path network. A.I.,D.'s financial dis-
bursement records, and site visits.

Upon completion of construction and the beginning of operation, USAID
will prepare a formal evaluation report which summarizes how project
construction time compared to schedule, how costs compared to estimates,
whether the plant is able to provide the 300 MW incremental addition to
the power grid, and any particular issues which remain to be addressed
concerning the operation ur management of the plant. Purpose level
evaluation will be accomplished (1) by a series of plant audits to
cvaluate management, operation and maintenance of cach facility during
its first ycar of operation; (2) by determining during the period of
plant opcrations, the annual kilowatt production as an indicator of
utilization of plant capacity. Such data is monitored on an hours/

day basis. If utilization werc bclow that anticipated, this would
signal the need for evaluation to determine whether the plant is not
responding to needs, or whether the needs for clectricity are not as
projeccted.

One year after cach of the two units goes into cormercial operation
(approximately onc year apart) USAID will prepare an cvaluation report
describing the results of the plant audits, and the review of utilization.
If no future difficulties arc anticipated, there will be only spot check
monitoring. If any aspect of the physical plant fails to mect manutactur-
er's guarantces and warranties, which extend beyond one year, USAID

would be notified.

The Mission does not feel it would be appropriate or necessary to
evaluate industrial and residential reconstruction/growth of the

Sucz Canal arca in the context of this particular project. This project
1s onc of many cfforts required to achieve this goal, and there arc so
many variables involved that it would be difficult to distinguish the
fmpact of the project from other factors, thus it makes more sense to
cvaluate achicvement of the objective on a wider scope at a later time.
A special cffort for such evaluation is not contemplated, as the normal
course of GOE and Bnbassy reporting will provide the information.

f)jb
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X. RECOMMENDATION, CONDITIONS AND COVENANTS

A. Recommendation

ALl conditlons and covenants recommended (n the oriplnal project paper
have been accepted by the GOE and incorporated in the original Graat
Agrcement,  Subject to ore additional condition, we recommend that

‘A.l.D.'s grant to the GOE be increased from $99 million

to $141 million-- an increase of $42 million. We further recommend
that the proposed incrcase be passed on by the GOE to EEA as a
contribution to EEA's cquity capital.

B. Conditions

We recommend that we add to the three existing Conditions Precedent
to Disburseemnt for Specific Goods and Services (Section 3.02 of the
Crant Agrcemcnt) the following:

Scctien 3,02 (d) A plan, agreed to with

the Suez Canal Authority, which will allow
the design and installation of cooling water
intake and discharge into the Great Bitter
Lake, that will allow the timely execution
of the Ismailia Project.

P
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ANNEX A
MINISTRY OF ECONOMY
AND ECONOMIC COOPERATION

Economic Cooperation Division
Office
of the Under Secretary

Mr. D.S. Brown

AID Representative
U.S. Embassy

Cairo

Dear Mr., Brown,

With reference to the letters of Eng. Kamal Nabih (Egyptian
Electricity Authority) No. 362 & 363 dated 17 July, 1977 request-
ing AID to finance the foreign exchange overruns of $ L2 Million
and $ 18.5 Millicn for the Ismailia Steam Power Plant Project
and the Talkha/Helwan Gas Turbine Power Plants Project respect-
ively.

I would like to inform you that the Ministry of Economy
and Economic Cooperation agrees to increase the funds allocated
for these projects with a sum of $ 68,5 Million from the remaining
IFlscal Year 1977 AIT funds.

Hoping you would take the necessary steps in this regard,

I remain,

Sincerely yours,

Gamal E1 Nazer
Deputy Chairman
For Investment Authority
In Charge of Economic Cooperation

CAIRO, 9 August, 1977
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Director ACUION YO Cpq_—'l'/‘ﬁ-)——ﬁé

- ——

Mission
giﬁ‘g. Eg'pg. ACYION TAKEN . ~-—~°% "%'/27

CINITIALS s

i e St

Dear Mr., Brown,

As you know we have received a draft copy of the preli-
minary project report for the Ismailia Thermal Power Plant Pro-
Ject from our Consultants. The foreign exchange preliminary
estimate contained in the draft report is US $128,832,000.

A8 a result of our review of the draft report with our
Congultants certain modificutions huve becn agreod upon which
will affect the estimated foreign exchange requircments for the
Projoct, Attuched 18 a wmerked-up copyagg the rreliminary veti-
mute, Table 9-1 of the preliminary project report, which shows
the modifications thut have been made to the estimate with the
vecult that the foreign exchange eatimate for the Project is
s $136,000,000.

The increase in the preliminary estimate of US $7,168,000
‘e atvrihutable to addifional fuel storage, additional fire
vroection, changing the turbine building to a whollv structural
ze). llding increasing the warehouse and garage - cilitiex,
increased allowance, for spare parts and adjustments to the in-
direct cosgts.

The total estimated foreign exchange cost of US $136,000,000
set forth above does not include our contract with Gilbert
Associates which presently provide for an expenditure of
S $4,600,000. Therefore our total foreign exchange requirement
for the Ismailia Thermal Power Plant Project is US $140,600,000.

Grant Agreement No., 263-12-220-009 between USAID and the
ARE executed on May 30, 1976 provides for & maximum of
UsS §99,000,000. In view of the presently estimated foreign ex-
change requirerent for the project, it is requested that the Grans
Agrecment be amended to provide for an amount not to exceed
1S $141,000,000 or an increase in the Grant. of US 842,000,000.-3\



EGYPTIAN ELECTRICITY AUTHORITY

NASR CITY, ABBASSIA, CAIRO, EGYPT.
TELFGKAM : ELECTROCOY - TELEX : 2097 PUWER U.N.

(2)

As you are aware the BSanderson & Porter Feasibility Report
was the basis for the USAID extending the present grant of
US $99,000,000. At’ the time the Sanderson & Porter report was
prepared it was anticipated that thc¢ erection of the equipment
and the civil works would be performed essentially by Egyptian
contractors. Conditions today are markedly different to the
extent that the capable Egyptian contractors are overloaded with

work and are unable to complete their present projects in accor-
dance with their schedules,

1t is critical to our system requirements that the Ismailia
Thermal Power Plant be completed on schedule to meet our system
demands in 1981 and 1982. Therefore, it is anticipated that this
Project would be executed by a large US contractor and while he
would make maximum use of Egyptian labor and subcontractors he
would also provide enough expatriate supervision at the working
Zevel and proper conatruction equipment to couplete the project
on 3chedule. While this upproach has not muterially changed the
“ntyl estimated cost of the Project from that which was set forth
«a thr Sanderson & Porter report it has repulted in an increase

‘v +he foreign exchange requirements and a decrease in the Egygtian
Pound requirements.

In attewpting to locate another sourcoe for the additional
foreign exchange requirements we have hud some contact with the
World Bank and the various Arab Funds. However, as you are aware,
obtaining a commitment from any of these funds would entail a
ronsiderable amount of time for their appraisal review and deci-.
sion resulting in delay to the Project and an increase in Project
cost through escalation. As stated above our system requirements
are critical and this additional generating capacity is badly
needed at the presently scheduled project completion date., Our
present schedule requires our Consultants to issue the IFB by
Jotober 1, 1977 and a decision in this matter is required prior
to this date to permit the IFB to be issued.

In view of the foregoing your favorable consideration and
early approval of our request for an amendment to the Grant

Agreement to provide an additional US $42,000,000 for this Project
w.1ll be greatly appreciated.

Very truly yours,
K 1y

(Eng, Kamal ) 3\\
Dep Chairman.



DRAFT ANNEX B

Grant Amendment Authorization

Country: Arab Republic of Egypt

Name of Project: Ismailia Thermal Power Plant - Amendment

Project No.:

Pursuant to Part 2, Chapter 4, Section 532 of the Foreign Assistance

Act of 1961, as amended, I hereby authorize an amendment to A.I.D.

Grant No. 263-12-220-009 to the Arab Republic of Egypt (the "“Cooperating
Country") increasing the amount of such Grant by Forty-Two Million United
States Dollars ($42,000,000) from Ninety-Nine Million United States Dollars
($99,000,000) to not to exceed One Hundred Forty-One Million United States
Dollars ($141,000,000) to be made available to the Egyptian Electric Power
Authority to assist in financing the foreign exchange costs of a 300 MW

thermal power plant near the city of Ismailia.

Prior to the first disbursement of funds under the Grant for any purpose
other than to finance the services of the consulting engineer, or to the
issuance of commitment documents with respect thereto, the Cooperating
Country shall, except as A,I1.,D., may otherwise agree in writing, furnish
to A.I.D, in form and substance satisfactory to A,I,D., in addition to
othr.r materials already required under the Grant Agreement for this pur-
posc, a plan developed in consultation with and approved by the Suez
Canal Authority for conducting dredging and spoil discharge operations
along the western shore of the Great Bitter Lake in a manner t t does

not unduly interfere with the effective implementation of the Project.



All other provisions of the Grant Authorization approved on May 28, 1976,

rcmain unchanged.

Administrator

Date



ANNEX C

Certification Pursuant to
Section 611(e) of the

Foreign Assistance Act of 1961, as amended

I, Donald S. Brown, the principal officer for the Agency for

the International Development in Egypt, having taken into account,
among other things, the maintenance and utilization of projects in
Feypt previously financed or assisted by the United States and
technical assistance and training planned under this Project, do
hereby certify that in my judgment Egypt has bcth the financial
capability and human resources capability effectively to maintain
and utilize the capital assistance to be provided for the construct-

ion of a 300 MW steam power plant near the city of Ismailia.

/

Dofald S. Brown

Date
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FAA Sec. 209, 619.

Is project susceptib\o
of executTon as part of regional or'sulti- " ag

lateral project? 1f so why 1s project not
s0 executed? Information and conclusion
whether assistance will encourago 'f
regional development programs. a
assistance 1s for newly ndependont
country, is it furnished through myltd-
lateral organfizations or plans to the
maximun extent appropriate?

FAA Sec. 601(a); (and Sec. 201(f) for
development loans). Information and
conclusions whether project will encourage
e forts of the country to: (a) Increase
t..c flow of international trade; (b) fos-
Lnr private initiative and competition;

(c) encourage development and use of
cooperatives, credit unions, and savings
and loan associations; (d) discourage
monopol §stic practices; (e) improve
technical efficiency of industry, agri-
culture end commerce; and (f) strengthen
free labor unions.

FA Scc. 601(b). Information and con-
cYusion on how project will encourage
U.S. private trade and fnvestment abroad
and vncourage private U.S, participation
in fureign assistance programs (including
use of private trade channels and the
services of U.S. private enterprise),

FAA Scc. 612(b); Sec. 636(h). Describe
tteps taken to assure that, to the
maximum extent possible, the country is
contributing local currencies to meet

the cost of contractual and other
services, and foreign currencies owned

by the U.S. are utilized to meet the cost
of contractual and other services.

FAA Sec. 612(d). Does the U.S. own excess
furelgn currency and, if so, what arrangee
ments have been made for its release?

- ot

DInG CRITERTA FOR PROJECT

Dievelopment Assistance Project Criteria

a. FAA Sec. 102(c); Sec. 111; Sec. 28la,
fatent to which activity will (a) effec-
tively involve the poor in development,
by extending access to economy at local
1¢vel, increasin; labor-intensive pro-
duction, spreading investment out from
cities to small towns and rural areas;
and (b) help develop cooperatives,
evpecially by technical assistance, to
a.sist rural and urbtan poor to help
themselves toward better life, and other-
wise encourage democratic private and
loca1 governmental fnstitutions?

The project is not susceptible of executior
as part of a regional or multilateral proj-

. ect. Bgyytisrqtanewlymdependent

coum:!y .

The amendment will, together with the'
original gant, increase the flow of inter-
naticnal trade and improve technical effi- .
cilency of industry, agriculture and cam
merce. Seé pages 3-12 of the original
Praject E%a;xex' and gxageus 1-2 <1f this Project

£

The great majority of funds expended will be
for goods and services from private U.S. cor

The agreement will so provide.

. 4
LA

‘Yes, but.all Tocal currency requirements to
be financed under the project will be pfo-
vided by GOE and not by USG. _

Not applicable.
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e. FAA Sec. 202(a). Total amount of
money under loan which is going directly
to private enterprise, is going to
intermedfate credit institutions or
other borrowers for use by private
enterprise, 1s being used to finance
{mports from private sources, or is
otherwise being used to finance procure.
ments from private sources?

f. FAA Sec. 620(d). If assistance {s
for any productive enterprise which will
compete in the U.S. with U.S. enterprise,
15 there an agreement by the recipient
vountry to prevent export to the U.S. of
ure than 20% of the centerprise's annual
productton during the 1ife of the loan?

P__Jcct Criteria Solely for Security
Lupjerting Kssistance

FAA hec. 831, How will this assistance
suploit promote economic or political
stability?

Additional Criteria for Alliance for
Proress

(Note: Alliance for Progress projects
should add the following two ftems to &
project checklist.)

a., FAA Sec. 251(b)(1), -(8). Does

assistance take Into account principles
bf the Act of Bogota and the Ciasrter of
Punts del Este; and to what extént will
the activity contribute to the economic

“or political integration of Latin
- America?

b. FAA Sec. 251(b)(B); 251(h). For
loans, has there been taken {nto account
the effort made by recipient nation to
repatriate capital invested in other
countries by their own citizens? [s
loan consistent with the findings and
recomnendations of the Inter-American
Committee for the Alliance for Progress
(now "CEPCIES.,"” the Permanent Executive
Comittee of the 0AS) {n its annual

review of national development activities?

183, age

fributing to the recmstruct:mpx@ re-

istance will support eoonanic stabili

tion of the Suez Canal .ayea: who
1 cities, infrastructure and'ty

_f'acili es, such as powar,‘vmwekte@i ly
a::; during the long sxaruxxi 61E i

s

Not. ap{.licable.
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.
-

are they particularly suftable, not .. -
competitive with private enterprise,
and made available without undue inter-

fererce with domestic programs? ¢

8. International Air Transport. Fair
Competitfve Practices Act, 1974

1f afr transportation of persons or

property 1s financed on grant basis, will.
provision be made that U.S.-flag carriers -

will be utilized to the extent such
service {s available?
Construction
.9
1. FAA Sec, 601(d). If a capital (e.g.,
ronstruction) project, are engineering .

and professional services of U.S, firms */

and their affiliates to be used to the
maximu.a extent ccnsistent with the
notionsl {nterest?

2. FM Sec. 611(c). If contracts for
. cunstruction are to be financed, will
they Le Yet on & competitive basis to
mu-ibn extent practicable? +

3. FAA Sec. 620(k).

value of assistance to be furnished by
the U.S. not exceed $100 million?

PRy

Otner Restrictions

1. FAA Sec, 201(d). If development loar,
s interest rate at least 2% per annum -
during grace period and at least 3X per °
annum thercafter? " o '

2. FA4 Sec. 301(d).

" solely by U.S. contributicns and adminfs-
tered by an international orqanization,
docs Comptroller Genera® have audit
riuhts?

3. FAA Sec. 620(h). Do arrangements :
precTude promoting or assisting the :
foreign aid projects cr activities of
Communist-Bloc countries, contrary to
the best interests ot the U.S.?

N
4. FAA Sec. 636(1). 1s financing not per- -’
mitted to be use3, without waiver, fur
purchase, long-term lease, or exchange
of motor vehicle manufactured outside
the U.S. or guaranty gf such transaction?

s

@,

A 0 If for construction o -
of productive enterprise, will aggregate -

W

If fund :s established B

" -, o LIRS TR

11 the' aggregate walud p£i$100 fjnil-
" ' e éntor-

Af ek g o

ise,, ighed unfl alter
the ‘expresa approval of Conareds,idjabtiined.
i&apinicable.

Not applicable.

'

v

oN

The gfpnt agreement . will so stipmlate,,

1?Enicasvg is not g:uanitnzaﬂ t0. be uﬁé?i‘fghr

WS






3.1

SECTION 3

SCOPE OF WORK TO BE PERFORMED BY GILBERT

Gilbort will provide enprincering, engineering administration and
conplenetbon mon ! Loetug soevicons Lo mpport o' BEA For the I'oJact,
Glhihert. Wil Mirentoh tho uovviaen of qualifiad perponnel who will
canplement the cupudbilities of ¥EA by providing usoistance und

udvice au described in this Bection 3.

Preliminary Project Reports

3.1.1 Utilizing existing data made available by EEA toc the maximum
extent possible, Gilbert will prepare comprehensive plans
which will define the overall design, and construction
parameters, contract and contract administrat’ n plans and

requirements, schedular requirements, and cost estimates for

the Project,

3.1.2 Gillbert will review reports made avnilable Ly EFA covering
the archeological, geotechnical, ecological, hydrologiocal,
meteorological , nnd agronomy copditions thet exist at the eite,
In the event that the information is considered to *e insuffi-
cient to adequately evaltvate the environmental aspects of the
design specificetions to enablg the prospective contractors to

prepare their es imates in e competitive manner, or to satisfy
°

e X



the applicable AID environmcntal requirements, Gilbert will
develop a program of further investigation to provide the
migsing informution. The cost of developirg such n program
of' site investigation and of supervising any related field
work In not included in the originul estimute und the original

conl eutimate und fixed fee nhnll be adjurted treordlingly.

Development of Technical specifications for the Project.

Based on information contuined in the prelimingry Project report,
(Gilbert will develop technical specifications including equipment
perfonnance requirements, for the deéign and installation of the

Project.

Pre~-qualification of biddgrs and preparation of Invitation for Bidders
(1FB).

3.3.1 During the preparation of IFB, Gilbert will conduct the
pre-qualification of interested bidders in accordance with

ortablished AID miidelines and the wishen of LRA,

3.3.2 The IFB, based on information from the earlier specifications
developed by the EEA and the preliminary Project report, will
outline contract terms and administration, describe the
technical design parameters, and specify the rerwirements for

-
installation and start-up. Gilbert will prepare the IFB in

VY
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accordance wvith astandard U.8. engineering practices, codes
and ntandards and with applicable ATD requi remento for

venled Bd procuranent,  Equipmenl,, nervices, and conutruct-
lon requiremento will be fully and cleurly defined. The IFb
will also specify design drawings and documentation which the
desnign/conatructor und/or equipment vendor must proside in
order to show compliance with devign upecifications and

cquipment. performance roquf remente,

Neviow of Propoanln nnd Award af Contrnoetn

Gilbert will evaluate the responsiveness of the bidders to the
{nvitution for bids, the reasonableness of the prices bid, submit
recommendntions and, i1f necesanry, assist in negotiating the contract
between the EEA and the selected bidders. To this end, Gilbert shall:

3.h.1 Prepare tabulationus, anulyses, and cvuluations of all bids.

3.4.2 Together with the FEA Evaluation Committee prepare final

evaluation reports and issue Final Recommendation Report,

3.4.3 Assist EFA in matters pertaining to contract preparation,

negotiation and execution.

3.4.4 Prepare Notices of Award and rejection letters for issue

by EEA.

A



3.5 Contract Monitoring and Administration (Design Phase)

3.5.1 Gilbert will provide professional services to assist the EEA

in reviewing the work of the Contractors for compliance

with all specified contract requirements and good engineering

practices,

11 berl will reovliew:

3.5.1.1

3.5.1.k

3.%5.1.5

Systems designs (flow diagram, system design criteria
and descriptions, instruwment and control logics,
electrical diagramn and electrical sysatem criteria

und design).
Fquipment and materioal specifications.

Proposal of only the successful equipment bidder

before equipment contract is awarded by the Contractor.

Selected manufacturers' spare parts, operations,

and maintenance requirements.

Plant layout drawings, for compliance with accepted
good practice, access for maintenance, provision
for equipment removal if necessary, and economy

of spaée.

W\



3.5.1.6 Ceneral routing of major systems.

3.%.1.7T General outline drawings of major equipment and

structures.
3.5.1.8 Conatructability.
3.5.1.9 Revlew und witneso tuctory inupection und teote,

3.5.2 Detuil designs required for conntruction and the checking of
detail design calculations and drawings will be performed by

the Contractor.

3.5.3 The design review objective will be to determine that systenms
and structures will be capable of performing their specified
function, and that udcquutc.technicnl specifications and druw-
ings exist for obtuining bhids on equipment and components.
Gilbert will review the adequacy of design and provide an
administrative check on the Contractor's design functions.,
These review functions will not relieve the Contractor of its

responsibility for the satisfactory perforrance of the plants.

3.5.h Along with the technical surveillance, Gilbert will review
Contractors' preogress and expenditure reports for compliance

with forecasts.

H4R
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3.6 Contract Monitoring and Administration (Construction and Erection)

3.6.1 OGilvert will, as representative of EEA, administer the single
vresponsibility Jesign/construct contract and monitor the
Contractor's worx to verify that all contract work is accomplished
in uecordunce with the plaus, specifientions und contract
documentn.  Glluert will keep the FFA site represen£ative
informed of Gilbert's site actions, orders to, and correspond-
ence with the Contractor. The single responsibility contract
will wunign to the Contructor sole responsibility Cor desigh,
equipment selection, procurement, munufacthring, a3sembly,
shipment, construction/erection and commissioning of the
complete plants. During thg construction and erection of
the Project, Gilbert will assign o resident e*aff to the
Project site. Gilbert's resident staff will be supported
by Gilbert's home office as necessary. EEA shall provide

officu fucilities at the Project nites and Gilbert will:

3.6.1.1 Establish lines of communication, reports and liaison
among Gilbvert, the EEA, and the Contractor. The EEA

will carry out all 1liaison with A.R.E,

3.5.1.2 Act as the EEA's representative and provide engineer-
ing moritoring and detailed inspection of the perform-

ance or all construction/erection work to verify

v
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conformance with the plans and specifications;

advise FEA on the plans and progress of the Cdntractor
and advise EEA of delays, both actual and anticipated,
which may affect the construction of the plant and

means, wher2 such exist, to overcome these delays.

1.6.1.3 Roview work plans, progress schedules and finuncial
nehodulen prapueed by Lhe Conbrnolor wed annlyve

and report on uuch schedules au necessary.

3.6.1.h Prepare monthly progress reports und special reports

as required by the EEA.

3.6.1.5 Monitor construction/erection progress and receipt,
installation, and testing of equipment. Review the
construction methods of the Contractor and his sub-~
contractors prior to application to avoid, insofar

as possible, the use of unsafe or improper methods

whioh could result in oonstruction delays, aefective
work, udverse effects on work of others at the site
or intolerable expcsure to hazards of property or

persons.

3.6.1.6 Certify the validity of Contractor's progress payment
invoice: before such invoices are sulseitted to the EEA
and upon completion and acceptance of the Project,

certify the release of final payments. j;" )<


http:3.6.1.I1

3.6.1.7

3.6.1.08

306.109

3.6.1,10

3.6.1011

Interpret contracts, drawings, and specifications to
obtain compliance with the contract documents and

timely provision of gervices, equipment and materials.

Review and evaluate field denign changes and revisions
and advise EFA of the Jjustification for such changes/
rcviscions and Jjustifications of the Contractor's cosnt
proposals for any such changes or extra work., After
obtaining EEA's approvul prepure und issue chuanges

or uxlru work orderu us neceusury.

Avgist iLhe FEA In obtaining appropriate agreements
relative to the provision of utilities and infra-

structures. -

Monitor and advise the EEA of the progress of such
on-site or off-site work directly related to the

Project and coordinate such work wit!l. the requirements

and work of the Contraotor.

Inapect for proper installation of mechanical and
electrical equipment together with related controls
und instrumentation and witness performance testing
of such equipment and make recommendations for

acceptance.

Sy~
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2.6.1.12 Assist the EEA in performing final inspection and
testing of facilities and in determining final

acceptciility of the work.

3.6.2 The anticipated schedule for assignment of Gilbert's Expatriate

Fmployees 48 shcm in Annex 1.

1.1 Teal., Acceplnnce und'ﬂturt-up
3.7.1 Gilbert will usuist the EFEA in monitoring and reviewing tests

und start-up of the facilities, through handing over the units
to FEA.

3.7.2 Gllbert personnel will review teust und initial operation
procedures and recommend acceptance of or changes to them.

Gilbert will:

3.7.2.1 Witness conduct of static checkouts (electrical,

~

mechanical, instrumentation) by the Contractor to

verify that components and systems are realy for

initiel operation.

3.7.2,2 Provide assistance to EFA operating personnel in

the initiul operation and shukedown of components

and systems; maintain close contact with Contractor

personnel to resolve problems which arise during

initial operation.

gzx
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3.7.2.3 Supervise turnover by the Contractor of the com=~
e

pleted plant (or unit) to EFA at the completion of

sturt-up activities.

3.7.2.h leview Contractor prepured plunt operational

manuals in English for adequacy.

3.7.2.5 Witnesnr and review performunce testing of major

equipment and systems in order to verify test results,

3.7.2.6 Review test calculations und submit test reports

to EFA.

4.8 Training Program

3.8.1 Based on EEA's approved staffing pattern and an assessment of
availeble pergonnel capubility, Gilbert will prepure and
oversee the implementation of an operating and maintenance

training program by performing the following:

3.8.1.1 Evaluate the competency level of personnel proposed

by the FFA for training.

3.8.1.2 Ascertain that classroom training in plant theory,
operations and maintenance will be p:rovided along
with vendor training which will be provided in

accordance with the specifications.

S
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3.8.1.3

308.1.1‘

3.8.1.9

1.8,1.6

3'801'7
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Ascertain that on-the-job training during initial

operation and shakedown of plant equipment is success-

Tully completed.

Review training materials (visual aids, texts, etc.)

to be used during training.

livaluate the competency level of EEA personnel
ufter truining, and report results to EEA with

reconmendutionn for continuing training effortu.

Ascortuin that fucilities ulready uvailadble in the
U.S.A. or A.R.E. are utilized to the extent possible

in meeting training requirements.

-

All instruction, training aids and any other
instructional materials to be reviewed hy Gilbert
will be in the Pnglish language. If utilization

of any other language is required in performing the
tasks described in this Section 3.8, the EEA will

supply qualified interpreters und/or translators,
the cost of which shall be borne directly by the

EEA,

§Y
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3.9 Spare Parts and Inventory Control

3.9.1 Based on manufacturers' recommendations and Gilbert experience,
-G1lbert will prepure and asgist in the implementation of a

nzutuem tor Lhe supply, storape aund {suuunce of spure purts,

GilLert will:

3.9.1.1 Confinn that the Contractor's spare parts list is

complete and that a spare parts stock will be provided.

3.9.1.2 Asusist FEEA In placing initlul orders for spure parts

ug required,

3.9.1.3 Establish receipt and disbursement control systenm

for spare parts.

3.9.1.4 Establish a spare parts reordering system based on

minimum/maximum levels.
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TARLEZ 9-1

CAPITAL COSTY

2 - 150 ¥4 CIL FIRED PLANT

ISMATLIA, ECYPT

U.S. (DOLLARS)

Sheet t of ¢
Juoe 14, 1977

ECTPTIAN (L2)

DESCALFION QoawtiTY | sATEMIAL | 1aBom TOTAL mremiat | pasom | TOTAL |
TURBINE CENEZRATOR & ACCESSORIES 2EA 18,800,000 620,000 19,420,000 .- 187,200 187,200 4
h LA -— 18,800,000 620,000 19,420,000 187,200 187,200
STEAM CENIRATOR & ACCESSORIES 22 16,040,000 2,040,000 16,080,000 .- 619,800 619,800
TOTAL .- 4,040,000 2,049,000 16,000,000 619,800 619,800
DRAFT SYSTEM
DRAPT IQUIPENT 1 Lor 1,665,000 36,000 t,321,000 16,900 16,900
AIR/CAS DUCTS 1 ot 780,000 206,000 98¢,000 62,400 62,400
TOTAL -- 2,285,000 262,000 | 2,507,000 79,300 | 79,300
CONDENSER & AUXILIARIES
coNpENSER TN 1,460,000 108,000 | 1,568,000 - 32,800 | 32,800
s 1 Lor 394,000 8,000 402,000 .. 2,600 2,600
TANKS 2 BA 140,000 46,000 186,000 -~ 13,800 13,800
TOTAL 1,994,000 162,000 2,156,000 49,200 49,200
FZEWATFR SYSTEM
PUNPS 6 TA $40,000 20,000 560,000 - 6,000 6,000
HEATERS & DEAZRATOR 1 10T 932,000 14,000 946,000 . 4,400 4,400
TOTAL .- 1,422,000 34,000 1,506,000 - 10,400 10,400
CIRCULATING WATER SYSTEM
s 18 TA 1,407,000 24,000 1,431,000 - 7,500 7,300
COOLERS ‘EA 360,000 2,000 362,000 - 800 800
TRAVELINC SCREEN EQUIPMENT 1 Lot 298,000 18,000 316,000 .- 5,300 $,500
TOTAL - 2,065,000 44,000 | 2,109,00¢ - 13,800 | 13,800
FUZL OIL SYSTEM
PUNPS 18 ZA 121,000 6,000 127,000 - 1,600 1,600
TANGS S TA 1,630,000 250,000 1,880,000 - 73,400 75,400
AUXILIARY BOTLER/RE-BOILER 1ot | 657,000 20,000 677,000 - 6,500 6,500
TOTAL .- 2,408,000 276,000 2,684,000 .- 83,500 83,500

YINNY -

Jd



g

TARLE 9-1

2 - 150 ‘& OIL FIRED PLANT

ISMAILIA, ECYPT

Sheet 2 of &

June 14, 1977

U.S. (DOLLARS) ECYPTIAN (LX)
DESCRIPTION QUANTITY MATERIAL LABOR TOTA MATERIAL LABOR TOTAL
EQUIPMENT (CONT®D)
MISCELLANEOUS EQUIPMENT i
CRAKES/HOISTS 1 o7 340,000 12,000 352,000 -- 3,900 3,900
COMPRESSORS 4ZA 82,000 4,000 86,000 .- 1,600 1,600
TOTAL -- 422,000 16,000 438,000 -- 3,300 3,300
WATER TREATHENT SYSTEM
UATER TREATMENT EQUIPMEMT 1 LoT 1,057,000 70,000 1,127,000 -- 21,300 21,300
FIRE/SUMP PUMFS 43 zA 86,000 8,000 94,000 - 2,300 2,300
TOTAL .- 1,143,000 18,000 1,221,000 .- 23,600 23,600
SERVICE EQUIIMENT
VEHICLES/TRACTOR/LOCOMDTIVE 1 Lot ©52,000 -~ 952,000 .- 1,900 1,900
MACHINE SHOP 1 Lot 550,000 - $50,000 - 6,400 6,400
INSTRUMENT SWOP 1 10T 70,000 -- 70,000 .- 1,000 1,000
CHEI{ICAL LASORATORY 1 Lot 100,000 -- 100,000 - 1,600 1,600
SAMPLING LABORATORY 1 L0T 40,000 - 40,000 -- 1,000 1,000
SERVICE BUILDINC OFFICE EQUIPMENT 1 Lot 100,000 - 100,000 - 1,600 1,600
TOTAL - 1,812,000 1,812,000 13,300 13,500
TOTAL MECHANICAL .- 48,401,000 3,532,000 31,933,000 1,085,800 1,085,800
PIPING (LARCE & SMALL)
MAIN, EXTRACTION, AUXILIARY STEAM .- 498,000 146,000 644,000 - 76,200 76,200
CONDENSATE, FELIUATER, VENTS & DKAINS -- 742,000 262,000 1,004,000 .- 136,000 136,000
AUX, COOLING, VACUUM & WATER TREATMENT -- 248,000 142,000 390,000 -- 73,600 73,600
CTHER SYSTEMS -- 894,000 444,000 1,338,000 .- 230,400 230,400
HOT & COLD REHIAT -- 120,000 | __78,000 458,000 .- __ 40,800 40,800
TOTAL FIPING - 2,762,000 1,072,000 3,834,000 .- 557,000 537,000

p
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TARLE 9-1

Sheet 3 02 &
Juna 14, 1977
CAPLTAL COST
2 - 150 W/ OIL PIRED FLANT
ISMAILIA, ECYPT
U.S. (MI_AIS) ECYPT IAR su[
DESCRIPTION QUANTITY MATERIAL LABOR JOTAL MATERIAL LABOR | TOTAL
CIVIL
S ITEWORK 1 LoT 117,000 234,000 371,000 382,900 ui,ooo 343,500
TOTAL - 117,000 234,000 371,000 382,900 162,600 $43,500
TURBINEZ BUILDING
SLDG., POUNDATION, & PILING - 1 Lot 305,900 50,000 355,000 $7,400 32,600 90,000
BLDC., CONCRETE UWALLS 1 10T 120,000 102,000 222,000 126,700 65,900 192,600
TURBINE GENERATOR FOUNDATION &

PEDESTAL 1 LOT 726,000 150,000 876,000 114,800 96,300 211,100
STRUCTURAL STETL 1 Lot 1,212,000 74,000 1,286,000 .- 47,000 47,000
ARCHITECTURAL & BUILDINC SERVICES 1 LOT 302,000 88,000 390,000 218,400 36,300 274,700

TOTAL .- 2,665,000 464,000 3,129,000 517,300 298,100 813,400
BOILER AREA
AREA FOUNDATION & PILING 1 Wt 117,000 22,000 119,000 16,800 14,700 31,500
STRUCTURAL STEEL 1 L0T 219,000 14,000 233,000 -- 8,300 8,00
ARCHITECTURAL 1 Lot 38,000 8,000 66,000 4,900 $,800 10,700
TOTAL .- 394,000 44,000 438,000 21,700 28,800 50, 500
SERVICE BULLLINC
BLDC., FOUNDATION, & PILES 1 LOoT 231,000 290,000 521,000 318,500 185,000 503,300
STRUCTURAL STEEL 1 T 44,000 2,000 46,000 .- 1,900 1,900
ARCHITECTURAL & BUILDING SERVICES 1 LoT 12,000 58,000 70,000 123,200 37,400 160,600
TOTAL .- 287,000 350,000 637,000 441,700 224,300 666,000
WATER TREATMENT BUILDING
BLDC., FOCUNDATION, & PILES 1 Lot 67,000 162,000 209,000 200,900 91,200 292,100
STRUCTURAL STEEL 1 L0T 24,000 2,000 26,000 -- 1,000 1,000
ARCHITECTURAL & BUILDIRC SERVICES 1 LoT .- 24,000 264,000 36,000 15,700 71,700
TOTAL .- 91,000 168,000 259,000 256,900 107,900 364,200

€-d
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TARLE 9-1 ee 14, 1977
CAPITAL
2 - 150 W OIL FIRED PLANT
ISMAILIA, ECYPY
U.S. (DOLLARS) ECYPTIAN (LK)
DPSCRIPTION qoaerrry | jarpmrar | opasom | tora sarzmia | nam ! tovan |
CIVIL ‘m“'pl
CONSTRUCTION WARZHDUSE
BUILDING FOUNDATIONS & PILES 1 o1 93,000 | 102,000 193,000 148,400 65,900 214,300
STRUCTURAL STETL 1 Lot 15,000 .- 15,000 .- 600 600
ARCHITECTURAL & BUILDING SERVICES 1 Lot 3,000 18, 000 21,000 3!,!00 ll.’w 6!,”
TOTAL .- 111,000 120,000 231,000 179,900 78,000 257,900
PUMPHOUSES & TUNNELS
CIRCULATING WATER 1 wor 92,000 26,000 118,000 36,400 16,300 32,700
MAXE-UP WATER 1 Lot 22,000 8,000 30,000 11,900 4,800 16,700
CIRCULATING WATER TUVMNZLS 1 Lor 74,000 168,000 242,000 153,300 107,200 260,300
CIRCULATING WATER DISCHRARGE STRUCTIRE 1 wor 33,000 8,000 41,000 3, 500 3.800 9,300
TOTAL - 221,000 | 210,000 431,000 203,100 134,100 339,200
OUTDOOR FOUNDATIONS
FUEL O1L STORACE TANK 1 LOT 19,000 40,000 69,000 49,700 25,600 73,300
LICHT OIL TANXS 1 LT 2,000 2,000 4,000 3,500 1,900 3,400
FUEL CIL STCRAGE AREA DIKES & LININC 1 oY 23,000 36,000 59,000 . 23,400 23,400
FUEL QIL PO\PS 1 ot 4,000 2,000 6,000 2,800 1,300 4,100
CONDENSATE, ACID & FILTER VATER 1 Lot 8,000 12,000 20,000 16,100 7.000 23,100
AUXILIARY BOILER 1 BA 1,000 2,000 3,000 1,400 600 2,000
PMERCENCY CENERATION UNITS 2 EA 39,000 4,000 4),000 5,600 2,900 9,300
POMLR TRANSFORMERS 7 EA 7.000 10,000 17,000 14,000 7.000 21,002
TRANSFORMER FIREWALLS 1 LoT 16,000 6,000 22,000 4,900 3,500 8,400
TOTAL - 129,000 | 114,000 243,000 98,000 73,200 171,200
OTHERS
EVAPORATION POND 1 Lor - - - 9,600 9,600
TURBINE & SERVICE BLDC. ELEVATED
VALXVAY 1 Lo1 2,000 - 2,000 3,500 600 4,100
GATE HOUSE 1 Lot 2,000 4,000 6.000 7,700 2,600 10,300
GAS REDUCINC STATION 1 LOT 38, 000 16 000 34 . 000 24,3500 10,600 35,100
TOTAL .- 42,000 20,000 62,000 35,700 23,400 99,100
TOTAL CIVIL .- 4,037,000 1,744,000 3,801,000 2,139,200 1,130,400 3,249,600

=4
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TARLE 9-1 2vae 18, 1977
CAPITAL COSY
2 - 130 7 OIL FIRED PLANT
ISMAILIA, ECYPT
U.S. (DOLLARS) ECYPTLAN (LR)
DESCRIPTTON QUANTITY MATERJAL _LADOR _| TOTAL MATPRIAL LABOR YOTAL
ELECTRICAL

CAS TURBINES 2 EA 3,200,000 60,000 3,860,000 - 18,200 18,200
TRANSFORMERS 10 2A 2,528,000 $8,000 2,586,000 .- 17,400 17,400
SWITCHCEAR (6.3 xV) 3 LoTS 894,000 26,000 920,000 e 7,800 7,000
UNIT SUBSTATION (400 V) 8 EA 362,000 16,000 378,000 .- 4,400 4,400
MOTOR CONTROL CENTER (400 V) 10 LoOTS 108,000 8,000 116,000 - 2,600 2,600
BUS DUCT 1 L0T 489,000 134,000 623,000 -- 40,300 40,300
CASBLE, CONDUIT, TRAY & COMNECTIONS 1 Lot 1,960,000 752,000 2,712,000 .= 228,300 228,300

CROUNDING, CATHODIC & LICHTWING
PROTECT ION 1 LoT 63,000 18,000 81,000 .- 5,500 $,500
LICHTING 1 Lot 174,000 112,000 286,000 .- 33,500 33,500
CC'OR'NICATIONS 1 LoT 31,000 18,000 49,000 .- 5,200 5,200
DIRECT CURRENT SYSTEM 1 LoT 222,000 24,000 246,000 .- 7,500 7,500
INSTRUMENTS & CONTROLS 1 Lot 2,344,000 280,000 2,624,000 -- 84,500 84,500
MISCELLANEOUS 1 Lot 19,000 10,000 29,000 - 3,100 3,100
TOTAL ELECTRICAL .- 12,994,000 1,516,000 16,510,000 - 438,300 438,300

SJYTTCHYARD

RI1CID BUS 1 Lot 26,000 180,000 204,000 .- 23,400 23,400
DISCONNECT SWITCHES 45 ZA 206,000 90,000 296,000 - 12,000 12,000
CIRCUIT BREAKERS 12 EA 900,000 134,000 1,034,000 .- 17,400 17,400
LICHTNING ARRESTORS 6 EA 17,000 1,000 18,000 -- 100 100
COUPLING CAPACITOR POTENTIAL DEVICE 29 EA 115,000 10,000 125,000 .- 1,600 1,600
WAVE TRAPS 8 EA 35,000 2,000 37,000 .- 300 300
CONDULT 1 LoT 24,000 44,000 68,000 .- 6,000 6,000
CASLE - POWER & CONTROL 1 LoT 139,000 176,000 315,000 .- 22,900 22,500
FOUNDAT LONS 1 Lot .- 60,000 60,000 178,500 7,800 186,300
STRUCTURAL STEEL 1 Lot 600,000 120,000 720,000 - 15,600 15,600
INSULATORS 1 Lot 108,000 12,000 120,000 -- 1,600 1,600
OVERINEAD & STATIC CABLE 1 Lot 18,000 90,000 108,000 .- 11,700 11,700
CROUNDIIX 1 L0t 60,000 98,000 158,000 - 12,700 12,700
MISCELLANEOUS STATION SERVICE 1 LoT .000 2,000 10,000 - $00 $00
DIRECT CURRENT SYSTEM 1 Lot 38,000 2,000 40,000 - 500 500
INSTRUMENTS & QUNTROLS 1 10T 420,000 90,000 310,000 - 11,700 11,700
HARUWARF, LIGUTNINC, & SECURITY 1 10T 228,000 118,000 346,000 - 15,600 15,600
CONTRC'. RUILOING 1 Lor 24,000 16,0C¢ 38,000 18,900 8,300 27,200
TOTAL SVWITCHYARD 2,964,000 1,243,000 4,207,000 197,400 | 169,700 367,100

s~
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TARLE 9-1 Shoet 6 of &
Juas 14, 1977
CAPITAL COST
2 - 130 W OIL PINED FLANT
ISMAILIA, £CYPY
U.S. (DOLLARS) ECYPTIAN (LX)
DESCRIPTION QEANTITY |  maTERIAL LABOR TOTAL MATERIAL e | torgy
TOTAL DIRECTS 71,178,000 | 9,107,000 | 80,285,000 2,336,600 | 3.401,200| 3,737,800
INDIRECTS
SUBCONTRACTORS° OVERMEAD, PROPIT,
SOCIAL INSURANCE - - -- - 2,004,300 | 2,088,300
SUBTOTAL - - 80,283,000 - - 7,782,100
ENCINEERING - - 4,014,000 - - 389,100
MATERIAL HANDLING, STORACE &

MARK-UP - - - 467,300 - 447,300
SPARE PARTS 4,000,000 - 4,000,009 - - b
FREIGHT - TOTAL MATERIAL & SPARES &

CONSUMABLES 11,400,000 - 11,400,000 . . -
CONSUMABLES (1 - YEAR OPERATION) 400, 000 - 400, 000 o= - -=

SUBTOTAL - - 100,099,000 - - 8,638,500
TRAINING - 230,000 250,000 - 3,000 3,000
SUBTOTAL - - 100, 349,000 - - 8,641,500
CONTINGENCY - . 15,082,000 - - 1,296,200
SUBTOTAL 26,978,000 | 9,357,000 | 113,401,000 2,803,900 | 5,448,500 | 9,937,700
ESCALATION 10,437,000 | 2,994,000 | _13,431,000 336,500 | 1,743,500 | 2,080,000
TWIAL PROIECE CAPCIAL COST 128,832,000 12,017,700

9=d
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GLOSSARY OF SYMBOLS AND ABREVIATIONS

gigawatt GW - 1,000,000 kilowatt
gigawatthour GwWH 1,000,000 kilowatthours
kilovolt kv 1,000 volts
kilowatthour kWh 1,000 watthours
megawatt MW 1,000 kilowatt
megawat thour MWl 1.00012 kilowatthours
terawvatt TW 1012 kilowatt
terawvatthour TWII 10 kilowatthours
btu British Thermal Uni: of heat
calorie Metric Thermal Unit of heat

FOR : Forced outage rate

mazout Approximately No. 5 fuel oil burned

in tossil fuel power plants in ARE

ARE Arab Republic of Egypt
EEA Egyptian Electricity Authority
GEEC General Egyptian Electricity

\ Corporation (Superceded by EEA)

JAEA © International Atomic Energy Agency
1BRrD ' International Bank for Reconstruction
and Development

NPPA Nuclear Power Plant Authority

urs Unified PPower System

USA United States of America

USATD United States Agency for International
Development

LOVER EGYPT Cairo and the Delta, Alexandria and Canal Zone

UPPLER rgypr Area south of Cairo to Aswan
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CUHAPTER |

SHORT RANGE GENERATION EXPANSION STUDY (1977-1985)

Summary and Conclusions

expansion study for the Egyptian Electricity Authority through
the vear 1985 were prepared with the aid and coaoperation of the

EEA engincers of the pPlanning group of the Studies and Hesearch
Sector.

The load forecast was arrived at after giving lengthy
consideration to the various facets of the present and expected
future growth in the demands tor clectric power in Egypt. It
was then used to determine the Cuture yearly maximum demand and
energy requirements ol the Unitied Vower System. It was decided
that the power requirements (exclusive of large industrial loads)
Mmobably would grow at a rate of 10.4 percent (Joad doubling in
seven years) up through the year 1980 and then at a reduced
rate of 9.5 percent (1oad doubling 1in slightly Yess than cight
years ) up throueh the vear 1985 . HBecause of (he high percent-
aces ol large industrial loads that presentlvy comprise or are
expected to be added to the Unified Vower System, such industrial
Jonds wore analvzed on a separate basis. The results were then
combined with the expected growth of the remainder of the loads.
The load ¢rowth predictions thus obtained were normalized to
reduce any yearly inconsistencies and allow tor any delay in
tommissaionine ot the large industrial Joads which 1s expected
(an past history has tndicated) to occur. This provided a
composile expected system joad growth from 19706 through 1985
of 11.h percent for the reak power demands and 11.3 percent for
the “onersy requireciment s,

FEA's latest feneration expansion plan was reviewed and
8everal of the indicated dates of initial operation of new
wmits were reviscd because 1l was not believed that the time
remaining was sufficient to meet the originally planned target
dates. An annlysis was made of both the existing gas turbine,steam
and hydro venerating plants and the new gas turbine and steam
(both fossil fuel and niclear) power plants expected to be
added {o the EFA system in the future.

NDue regard was ¢iven to the deteriorated condition of a
Jurge number of exi1sting thermal units and to the usually
larg¢e amounts of outage time that has been expericenced with
ftome of these. Outage records werce studied and cstimates were
mande of botl expected future scheduled and unscheduled main-
tenance requirements,

Hydroelectric Jimitations due to the reduced capability
of Lhe Aswan units, the unusually lengthy maintenance outage
Lime, and the timitation in power transfer capability due to
#tability restraints of the 500 kV High Dam - Cairo transmission

Lines were al gso considered. \0%
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The sizing and expocted dates of commercial operation
for both scheduled and proposed new generating facilities were
studiod. It was decided that under the present status of
financing and other contractual arrangements it very likely

After considering projected generating capability, system
maintenanco requirements, spinning reserve capacity, and load
forecasts together with forecasting error possibilities, it
was councluded that additional generating capacity definitely
would be needed by the year 1984 and should be scheduled so
it can provide firm dependable capacity by that time. Other-
wise the LEEA cannot adcquately and reliabhly meet the torecast
demands for electyyi lower in an expanding Egyptian economy.

Therclore it is recommended that EEA consider immediately
the construction of an additional 2 x 300 MW Stcam power station
with the first 300 MW unit to be scheduled for commercial oper-
ation not later than the third quarter of 1983 and a second
300 MW unit a few months later.

l.oad Forccast

l.oad forecasts with high accuracy are the foundation for
el tficient usage of limited capital resources. Accurate fore-
cants are difficult, however, and the problem is compounded by
the past and present economic conditions existing in the Arab
Republic of Eeypt. As the cra of low cost encryey ends, it
becomes even more difficult to accuratcly forccast future loads.
lecause electric power usc is scnsitive to variable parameters
over which no onc has absolute control, forecasting at best
remains an cducated guess no matter how sophisticated the
procedures useced. Additionally, every power system has local
conditions that significantly influecnce electric power usage
in its service area, and a successful forecasting technique
utilized in one arca or country may not nccessarily serve
adequatoly i:n another.

The Lgyptian Electricity Authority has undertaken many
load forecast studies for the determination of the future
clectric power demand of Egypt until 1985 as well as the general
trend nuntil the year 2000. Most of the presently employed
methods of load forecasting (the accwnulative method, the extrg-
polation method, the scentiment method, and the correlation
hetween the national economy and the energy demand including
the Aoki method) have bheen extensively studied by the planning
personnel of LEA.

None of these methods has scemed entirely satisfactory é1 X
for application to the Unified Power System and the final '
method chosen as best suited was that of a gradually decreasing

annual rate of growth of the power demand and system energy
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segquatremonts thiroupgh the year <L, AN highes viouwlh ttate of
peak load and encergy use can be expected at first to compensate
for the low and erratic growthh rates that prevailed because of
the war years. An initial high growth rate also can be expected
in connection with the new changes in Lgypt's economic policies.
Using these criteria, it was forecasted that up through 1980 the
load will double at a seven year interval rate; in other words

at a cumulative annual growth rate of 10.%4 percent. Studies
undertaken by the planning group of the Studies and Research
Sector of EEA have shown that the average rate of growth of
clectrical energy consumption in Egypt for the last decade
excluding large industries, even though erratic on a year-by-
ycar basis, has been at an average rate of 10. 44 percent.
Scparate individual studies of the various sectors of the Lgyptian
oconomy (residential, comnercial, small industrial, agricultural
etc.) up through the ycar 1980 have indicata.l an oxpected conti-
nuation of this 10.% percent growth rate. For theso reasons, it
is expected that such a growth rate of 10.% percent will continue
up through the year 1980. It is also highly improbable that such
n rate can be maintained indefinitely. Therefore, it is assumed
that after 1980 up through the year 1985 the normal load will
grow at a rate which would causc it to double again in a little

less than eight years or at an annual cumulative rate of 9.4
pergent.

NHeciause of the very large power and energy requirements
of some planned new loads and the projected cxpansions of
existing large high load factor industrial loads, the foicecast

for auch loads has been analyzed separately. ‘The resulcts were
then combined with the expected normal g¢growth rate of the rest
of" Lthe system to obtain a composite load toreccast,

'able I-1 i1s a tabulation of an analysis of the large
industrial)l loads resulting from the planned installation and
cxpansion of large industries up through the year 1985. The
data listed in the table was obtained from and verified by
various sources including the Ministries of Industry and Mineral
Wenlth and of P'etroleuym. Although considered complete for the
five-vear plan up through the ecarly 1980's, it is felt that
other larye industrial loads in addition to those listed in the
table will undoubtedly develop for the years 1983 through 1985.

A coincidence factor to provide for diversity in the non-
coincidental peak industrial demands as well as system generation
and transmission line loss factors for both power and energy
requirements has been utilized to reflect all such large industrial
demand and energy roquircmonts to that of a system gross generation
level. Such a gross generation requircment is part of the input
data used in the generation /- xpansion program.

A tantative composite I'eak Demand and Energy Forecast on
a yecarly basis for the Unificd Power System up through the year
1985 was compiled. The original forecasted peak demands and
energy roquirements are shown in Table I-2. Using the above

-\
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t11 VYegawatts & uilgawatt Nidurs)

£t .
EA;. 1970 1677 1973 Mt 1032 i05: t9:2 198y 1344 s
iLoad
Cae N ewd Location dactor MW GwH Mo GwH e Gali Ma LW uw Sali e LaM Ma GaH MW Gall [ Swil e ‘e
integrated My 10 {ebban 1 ;70 o4 19+ 64 192 w4 102 (ORI L b4 194 04 292 6% 32 ok 392 (3] 1Y [ 3
1.5 Nin Tons. Tebbin 2 R 7O w0 T2 Y2 T3 sl TS W42 72 443 72 w42 72 462 h Y42 72 (1)} T2 4t
(1.3 M Tend! Helwan 7 03 387 3 186 b) 186 63 1386 63 87 6) 386 63 386 63 366 63 367 o) "
Sponge iron Alexandria 85 j0 224 60 447 60 W47 60 W47 60 (1Y} 60 4
Sponge Iron Sadat Caty 8s 20 149 40 298 4o 298 Lo 298 A0 20
Electriz Steel Alexandraia 15 4o 158 70 2?6 100 394 100 I39F 100 e
Elcctraic 3teel Sadat Caity 5s 50 197 150 591 250 986 300 :1
hemical Proase,
Nitrates Nas Gharadb* 80 20 140 50 )50 50 )50 50 350 50 b3
tfertalizer Nama Aswan® 80 250 1757 250 1752 250 1752 250 1752 250 17257 230 1752 250 1752 250 1752 250 1767 250 17
terto-s1licon Aswan{Edful* 80 10 70 SO 350 50 150 8o 562 120 841 120 841 120 842 120 84) 120 B
‘realGerman Lda) Alexandria 8o 15 105 15 105 15 105 15 105 15 105 18 105 1S 1C
t.austic >oda Alexandria 75 20 13t 20 1)1 20 111 20 132 20 131 20 131 20 131 20 132 20 1
MANOY N Lrea Talkha 8o 35 246 s55 385 S5 385 60 420 75 527 75 526 75 526 75 s26 75 S22 75 S:
hosphate Progyas,
Maning tsna® 70 10 61 10 61 10 61 10 61 10 61 10 61 10 61 10 61 10 613 10 ¢
tlemential Phos- Nag Hammadi -
~hatelCuncrlled ThOMW)
¢rtalizes ‘hine Abu Tarwur® 80 90 631 90 631 90 631 90- 631 90 6
Tentiles Mchalla El Aoubra-
TTHUNW 1s0lated Generation
being 1netalled Textile Plant)
extile & Weaving
Complex Alcxandria 75 30 197 120 788 150 988 150 986 150 986 1s0 986 150 988 150 Q8
Aluminium >meclter Nag Hammad;® 95
tEventually 160,000Tons) 150 1252 220 1831 220 1831 100 2497 370 1088 400 3329 400 3329 400 3329 400 33))8 40O 3)2
Petroleum Hetanery Alexandria 85 20 149 20 149 20 149 20 149 20 149 20 149 20 14
Petroleum kefinery Alexandria  8S 20 149 30 223 30 22) 30 22) 30 224 30 22
! Fipelane sues 65-80 SO 285 130 240 150 854 150 8S4 150 854 150 1051 150 1051 150 1051 150 1054 150 10S
Sumed I40km 2x42"Alex.t80after 1980)
Da! Papelaine Suer-Port Said
20" 100MW Cancelled
lement Expansion liclwan 80 35 245 40 28 40 280 40 280 40 280 50 281 LYo} 28
00,000 Tons “"{Torah)
.ement Plant Asajut® 80 35 245 35 24 35 24s 35 245 35 245 35 246 35 2%
600,000 Tons
.cment Plant Suex 8o 50 351 50 350 50 350 >0 Jso 50 351 50 335
1.000,000 Tons
FOTAL LOAD 692 4812 B94 6190 984 6781 1264 8817 1514 10698 1794 12774 1924 13448 2054 13960 2154 14387 2208 14SS
.o1ncidence Factor 92N 636 --- 822 --- 905 --- 1163 --- 1393 -=-= 1650 --=- 1770 --- 1890 --~ 1982 --- 2228 --
icncrataonsTransmission Losses 64 317 82 407 91 442 116 588 139 726 166 883 177 890 189 889 19§ 884 202 e2
(10N of Peak
TOTAL GENERATION 700 5129 904 6597 996 7223 1279 9405 1532 11424 1816 131657 1947 14338 2079 314849 2180 15271 2230 154)
.ARGE INDUSTRY LOAD FACTOR 83.4 83.) 82.8 83.9 84.9 85.8 84.1 81.5 79.7 79.0
\11 located in Upper Egypt
Q
[ ]
O
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TABLE 1.2

INITIAL PCAK DEMAND & ENERGY FORECAST

10.4% Normal Load Growth 9.4 Normal Load Growth
(System Less Large Industrial Loads) (System Less Large Industrial Loads)

76 77 78 79 380 31 62 o3 04 85
BALANCE OF SYSTEM 1209 1535 1474 1627 1796 1965 2149 2352 2573 2315
LARGE INDUSTRY 700 90 9906 1279 1552 1816 1947 2079 2180 2230
PEAK DEMAND- MW 1909 2239 2470 2906 335208 3781 4096 4431 4753 5045
BALANCE OF SYSTEM 6.51 7-19 7.93 8.76 9.67 10.58 11.57 12,66 13.85 15.15
LARGE INDUSTRY 5,13 6.60 7.22 9.41 11,42 13.66 14.34 14.85 15.27 15.453
ENERGY- BILLION kWh 11.064 15.79 15.15 18.17 21.09 24,24 25,91 27.51 29.12 30.56
ANNUAL LOAD FACTOR (9.4 70.3 . 70.0 71.4 72.1 73.2 72.2 70.9 69.7 69.2

NORMALIZED VALUES FUR FINAL PEAK DEYAND AND ENERGY FURECAST®

76 77 706 79 80 81 82 83 84 8s
PEAK DEMAND-~ MW 1909 2192 2470 2678 2924 3192 5578 4028 4518 5045
ENERGY- BILLION kWh 11.64 13.50 15.15 16.75 18.52 20.47 22.63 25.02 27.66 30.58
ANNUAL LOAD FACTOR 69.4 70.3 70.0 71.4 72.1 73.2 72.2 70.9 69.7 69.2

~/ *Value Used in Short Range Generation
?) Expansion Plan ( 1976-1985 )

01-9
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mcethod of load forecasting produced a vory large rate ot growth
for the years 1976 through 1980 and a suppressed growth rate
for the years 1980-1985, This is shown in the Energyv Forecast
Curvo shiown in Graph I-1 in which a decided irregularity is

shown in the initial energy load growth curve betwoen the years
1978 and 1985,

llistorical records of the schedule dates for commissioning
new large industrial loads have shown inherent delays due to
lags in financing, construction, etc. Also since the load
forecast for such large industries 1s based on information from
the optimistic five-year plans of the various ministries, it is
felt that there most probably will be a delay in the achievement
dates for such oxpected load growth. 1t was decided therefore
to normalize the initial forecast curve for the oxpected energy
growth to produce the final expected cnergy load forecast. Such
a normalized load growth pattern also is shown in Graph 1-1 and
tabulated in the bottom half of Table 1-2.

Tablo [-3 shows the Projected Growth of Total Installed
Effective Generating Capacity, Maximum Demanc and Generated Energy.
The Percentagos of annual yearly increase of both maximum demand
and enervy are shown as well as the average expected yearly
increase from 1976 through 19485. [t is noted that the average
cumilative growth rates for 1976 throuch 1985 are 11.4 percent
for pealc demand and 11.3 percent for energy requirements, which
are somewhat higher than the growth rate chosen for the rest of
the existing system exclusive of large industrial loads. Graph
I-2 shows the Forcecasted Peak l.oading and Genecration Expansion
Program from 1977 to 1985 for the UPS.

Finally Table 1-% shows a comparison of tiree different
Joad forccast studies made for the Ecyptian Elecctricity Authority
synstem. Two of these represent the results of recent studies,
while the International Atomic Energy Acency Study was an
axtensive aad comprehensive one performed in 1973. The results
of such load forecast were obtained by employing the "Aoki"
method. Mr. Jl.Aoki developed curves for the reclationship between
Gross [Ilectrical Generation per Capita (kWh/Capita) and the Gross
National Product per Capirta (Us3/Capita). After studying this
relationship for many countries, he arrived at a recommended
unjversal curve. Such a method was employed in the International
Atomic lnergy Agency Study in 1973 for their market survey for
nuclear power for Egypt.,

13X
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TABLE I-3

PROJECTED GR0WT!! OF TOTAL TNSTALLED EFFECTIVE GEXNERATING CAPACITY

MANIMNLN DEMAND AND GL.E.0A1oD Eno.5Y
|Installed Maximum Demand Generated enerzy
effective Annual
Year . Annual Annual load
senergtfgs MW increase G increase | factor
capacity () (%3) (%)

1970 b 1091 5300 71.2
1971 b 1121 2.7 7300 7.4 7h.3
1972 b 1176 4.9 7400 1.4 71.6
1973 b 1248 6.1 7400 (o} 67.6
1974 b 1433 14.8 3500 14 .9 67.7
1975 b 1733 20.9 9500 15.3 6h.6
1976 b 2477 1909 10.2 11640 15.3 59.4
1977 2711 2192 14.3 13500 16.0 70.3
19738 3271 2470 12,7 15150 12,2 70.0
1979 35568 2675 0.4 16750 10.6 T1.h
19380 h"o7Ts 2924 2.2 18520 10.6 72.1
1981 hohy 53192 9.2 200670 10.5 75.2
1982 550 3578 12.1 22630 10.6 72.2
1983 211 4028 12.6 25020 10.6 0.9
1984 6111 4513 12.2 27660 10.6 69.7
1985 6675 5045 11,7 30580 10.6 69.2

diaximum Demand Generated Energy

Compound Rate % Compound Rate %

(1952-76) 12.6° (1952-76) 11.17

(1970-76) 9.8 (1970-76) 9.4

(1976-80) 11.2 (1976-80) 12.3

(1981-85) 12.1 (1981-35) 10.6

(1976-85) 11.4 (1976-35) 11.5
a Total installed effective generating capacity = combined

contributions of Aswan Dam and High Dam towards meeting annual
maximum demand + installed and projccted effective capacity of
all other plant.(Does not account for shceduled or unscheduled
equipment outages)

b Historical Data

£1-0
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TABLE I-%

COMPARISON OF FORECASTS OF ENERGY AND MAXIMUM DEMAND

Sanderson & Porter

Nuclear Power Plants

International Atomic Energy

Year (Apr. 1977) Authority (Noy.l9?6) Agency (Sept. 1973)
Enercy Load Maximum | Energy Load Maximum Energy Load Maximum
(GWh) | Factor Demand (GWh) |Factor Demand (Gwh) Factor Demand
(%) (MW) () (MW) (3 (MW)
1976 | 116402 | 69.4 19092
1977 | 13500 70.3 2192 15200 | 77.1 2250
1978 | 15150 70.0 2470 18100 78.0 2650 18408 71.9 2923
1979 | 16750 71.4 2678 20800 | 77.4 3050 19504 . 71.9 3097
1980 | 18520 72.1 2924 21900 | 76.9 3250 20669 71.9 3282
1981 | 20470 73.2 3192 23100 | 76.4 3450 22136 71.9 3516
1982 | 22630 72.2 3578 27300 | 76.0 4100 23717 70.9 3766
1983 | 25020 70.9 4028 28700 | 75.3 4350 25427 69.7 4091
1984 | 27660 69.7 4518 30300 | 75.2 4600 27157 68.8 4445
1985 | 30580 69.2 5045 32000 | 75.3 4850 29125 67.9 4831
a Historical Data.

c1-9
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(icnorating Capability and Expansion through 1985

This soction of the report examines gencrating capabilities
and neods of the Unified Power System through the year 1985,

It discusses sevoral special considerations pertaining to the

detailed review of various aspects of Power system conditions
and performanco. Among the areas of particular significance are:

l. Conditions and limitations of existing steam g§enerating
plants,

<. Hydroelectric capacity and restrictions regarding its
use, '

3. Jroblems in providing for new capacity,

e Proposed capacity additions through the year 1985,

Some of the more spocific problems and related consider-
ations in each of the broad arcas arec analyzed in the following
paragraphs,

Conditions and Limitations of Lxisting Steam Plants

The active steam power plants in the Unified Power System
include an unusually large nwnber of generating units which
comprian a total nameplato capacity of 12065 M, There are
37 units in a variety of sizes f{rom 7.5 to 87 Mw, The oldost
of these was installed almost 30 ycars ago while the newest
went into service about 9 years ago. Multi-unit pPlants almost
invariably are constituted of unitsg of different manufacturers.
Obviously this cnmpounds maintenance and Spare parts problems
over what they arc 1in fnany power systems. All of the units
arc of foreign manufacture and nceded Teplacement parts some-
times constitute very difficult problems Particularly with
tho oldor machines. Difficulties in obtaining such parts
sometimes leave equipment out of service for months or even
yeors in g few cases.

The sum of the nameplate ratings of all of the existing
thermal generating units, together with the hydroelectric
capacily gives a rather impressive total installed capacity
in terms of Systcem loads. It has been found, however, that
the system dependable capacity ig considerably less than the
sum of the nameplates and that sgignificant limitations in both
#team and hydroclectric components iwust be considered carefully
when looking at system capability from the viewpoints of both
sy Rtom Planning and systcem operations. __§§
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Many of the existing steam units are reported to be in-
capablo of producing rated output for various recasons. The
problems range (rom improper boiler design to damaged water
walls, high rooling water temperature, and inadequate control
systcems and safety devices. Many of the boiler problems are
attributed to the burning of crude oil during the war years
when mazout was not available. All ot these considerations are

been available to EEA at a very modest price (currently about
81).5.11.25/ton compared to an international price of 8U.S.67/ton).
It has beon stated that one plant still in operation consumes
As much as 700 grams of mazout per kWh, a very cxcessive heat
rate (more than 206,000 btu/kWh or 6229.5 I calories/kWh). At
times, however, there have been {ew options to utilizing what-

over wgencrating capacity was available for service to meet peak
Jond.

In addition to any limitations in the power output capa~
bilities of the units, the high incidence of outages of many of

the units must be consjdered in preparing future system expansion
plans and schedules.

With refercuce to certain values shown in Table I-5 of
Gonerating Capabilities, some explanation is in order. For the
Cairo West Station shown in the top line of the table, the
uscaoble power from the three original units is shown to increase
from 150 MW in 1979 to 187 MW in 1980, to 224 MW in 1981, and
to 261 MW in 1982, This is based on the assumption that recto-
ration will be accomplished on one unit per ycar after the new
Mt uanit now under construction and shown in the 12th line of
the table is available for service. The Karmouz capability is
increasad in 1977 because of new cooling towers which should
permit increcased unit loading when they are completed during
the first halfl of the Yyear. The ratings shown for the combustion
turbine units are for winter temperature conditions and the
available output is less under summer conditions.

llvdroelectric Capacity and Limitations in Its Use

On the basis of nameplate ratings of hydroeclectric gene-
rators and a widesprecad but erroneous concept of virtually un-
unlimitod hydro capability becausc of the impressive size of )
the Aswan and Iligh Dam complex, it has been casy to assume that
little else should Le needed to supply much of Egypt's total
electric power needs for an indefinite period. Obviously these
facilities have an extremely i1mportunt role in an economical
power supply for the Unified Power System, but at the same time
therc are restrictions and limitations which must be observed.
Furthermore, thesec apply in somewhat different ways depending
upon whether current opecration or future system planning is
involved. This report is concerned largely with the system
Pltanning aspect and recognizes the restraints on water use as
imposad by the trcaty with the government of Sudan concerning

71X
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axyimes Capadb1lity in ‘egawatts

Installed Fower l.ezawatts R . . .
= (Assurin~ All feneratin: Units irn Service)

“ame of Station wunder and Capac:ity of lnits Tozal. 1373. 1374 1977 1072 1979 19°C 1931 1972° 1a3% 1924 1573
1. Cairo west 3 x &7 Zo1 150 150 150 159 150 112+ 24 2c1 2591 251 241
2. Cairo Soutk 4 x 50 240 13¢ 240 2%0 240 240 240 240 240 240 240 240
3. Cairo North 2 x 30+ 1 %20+ 2 x 10 100 75 75 <5 75 75 v5 75 75 36 34 (o]
e Zl-Tebdbbdbin 3 x 15 45 28 W0 40 40 40 40 40 40 4o Lo "0
5. Talka 3 x 12,5 + 3 x 30 127 116 116 116 116 1i5 116 116 114 116 116 115
6. Damanhour 2 x 15 + 3 x 65 225 195 195 195 195 195 195 1953 195 195 195 195
T+ Sl-3cvouf 2 x 26.5 + 2 x 30 113 100 100 100 100 100 100 100 100 100 100 10C
». Xarmouz 4 x 16 o4 30 30 4s 45 55 '5 0 0 o o o
J. Assiut 3 x 30 90 50 20 90 90 90 90 90 90 90 90 a0
10. Suez(Damaged) 4 x 235 100 m==  See ees mce tac mee eme cme mee mem e
11. RKafr El-Dawar 3 x 110 330 === === === 110 220 220 220 330 330 330 330
12. Cairo West 1 x &7 cT wee ece cen  mae 37 37 87 a7 U= 8o H i
13. Abu Qir I 2 x 150 300 S== === === <=~ --- 300 300 300 300 300 300
1h. Ismailia 2 x 150 300 STT  S== === ce= e=c <e- <o 300 300 300 300
15. Abu Qir II 2 x 150 300 ST === === === ~=-= --- 300 300 300 300 300
16. Suez I 2 x 150 300 SST  ST- === =c=  eee -a-c -=- 300 300 300 300
i7. Mow Plant I 2 x 300 600 =SS === se%  e-e  coc mee cae aa- 300 60O 60O
16. Sidi Krir I 1 x 500 ) 500 S== === =mme ces mae cce cme ece mme eee 500
Total 9534 1030 1051 1161 13535 105 19057 273% 2995 3219% 359
COMBUST10" TUXUINE STATIOLS®
. El-Max 2 x 14 2c 12 2h 24 24 20 24 24 24 24 24 2wy
2. Suez 1 x 17 17 17 17 17 17 17 17 17 17 17
3. Ismailia 1 x 2 23 23 23 23 23 23 23 23 23
4. Cairo North 1 x 23 23 23 23 23 23 23 23 27 22
S. lort Said 2 x 2 46 46 hé 4+ 4¢
6. Fayun 1 x 23 23 2z 23 2 23 23 23 27 23
7. lielwan 120 MW Total 120 120 120 120 120 120 120 120
S. Talka 180 MWW Total 130 180 120 180 180 1R0 1'0 180
Total 12 41 110 410 %710 410 %56 455 4§56 4sv 4s¢
I'YDii0 STATIO.S°

High Dam 12 x 175 2100°°*°) ! - P ~ o 4
Aswan 7 x 46 + 2 x 11.5 3h5ene) 1400 1550 1700 1300 2000 2200 2360 2360 2360 2350
Total Systeno Capability 2477 2711 3271 3568 L07s 4643 5550 5811 6111 5,5

;:‘High Dam output is usudlly limited to 1750 MW becausec units must be removed from service in pairs when under
(<3 maintenance due to common pcenstock arrangements, and one or morec units are consistently out for maintenance.
Aswan capabilitv is 260 MV due to reduced hecad after construction or High Dam.
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Nile water resources and water allocations to the two countries.
It should be noted that actual water availability and its poten~
tial for power production at any given point in time may permit
operational considerations that would be beneficial to EEA and
perhaps involve amounts of water greater than the basic allo-
cations mcntioned in the specific terms of the treaty. It is

not valid however, to plan future olectric system expansion
except on the basis i the specific understandings and agreements
oxpresseod in the treaty, and as interpreted by EEA and other

government offices. This currently limits Planned use to 55 billion
cubic meters per vear.,

A discussion of the possible overall potential of the Nile
in relation to the electric power system appears in the Power
Soctor - Phase 1 Diagnostic Report issued in Novomber 1976,

Thoe discussion there is largely in terms ot operational possi-~
bilities bascd on average annual river flows considerably in
excoss of 55 billion cubic meters. Such considerations cannot,
however, bLe used in planning for future gencration expansion

to meot projected peak loads as long as there are restrictions
in water use such as those prevailing today.

Moreover, it will be noted later in this report that
the maximwn cipacity of the hydroelectric plants has been used
in scheduline resources to meet projected pecak demands. Under
that condition any vreater utilization pertains only to energy
generation and not peaking capacity.

The following, excerpt from an English translation of the
troaty with Sudan describes the allocation of Nile water to
the two countries under the conditions and terms of that
agrecement.

"First: Presently accepted richts:

1. What UAR usecs from the water of the Hiver Nile up to
the signing of this agreement, is the established
right to it (UAR) prior to obtaining the benefits
which will occur because of the river control projects
and increasing the yield of water which is the subject
of thiy agreement; and the amount of this right is
48 billion cubic meters; estimated yearly at Aswan.

€. What the Sudan Republic uses from the water of the
River Nile up to the signing of this agreement is

its established right betore obtaining the benefits
of the mentioned projects; the amount of this right
is /4 billion cubic meters, estimated ycarly at Aawan.

Sccond: The projects for river control and distribution of its
benefits between the two Hepublics:

1. To control the river water and to prevent the flow of
its water to the sea. The two Republics agreced that, k{l X
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UAR 1s to construct the reservoir of the High Dam at
Aswan, as the first atep in tho series of projects for
the continuous storage of the Nile water,

4. To enable the Sudan to use its share, the two Republics
agreed that: the Republic of Sudan is to construct the
reservoir at Rosserous on the Blue Nile, and any other
works which the Republic of Sudan considers to be
necessary for the use of its share.

3. The average benefits from the High Dam are calculated
according to the natural yiold of the River at Aswan.
During the present century there has been about 84
billion cubic meters Yearly. There should be deducted
from this quantity the established rights of the two
Republics, which were mentioned in item "First", ags
estimated at Aswan. Also there should be deducted
from it, the continuous storage loss in the High Dam.
Tho balance of this will be the "Net DBonefit" which
will be distributed between the two Republics.

ke Tho Net Benefit of the Hligh Dam which has been mentioned
in the previous item is allocated between the two
Republics at 14.5 billion for the Sudan and 7.5 billion
for UAR, as long as the average yield in the future is
8till in the range of the average yield mentioned above.

This means, if the average yield remains equal to
tho averanec of tlhe previous yoars of the present century,
which is estimated at 84 billion, and if the storage
lossoes continue as ostimated now at 10 billion, the
Net Benefit of the lligh Dam in this case will be 22
billion, and the share of the Sudan Republic out of
that will be 14.5 billion, and the share of UAR will
be 7.5 billion.

When these two shares are added to their established
rights, thecir shares from the not yield of the Nile after
tho full operations of the High Dam will be 18.5 billion
for the Sudan Republic, and 55.5 billion for UAR,

If the average flow increases, theo increase in the
Not Benefit which results from the increaso in the yield
is to be divided into two equal shares between the two
Republics",

On tho above basis, the annual hydroelectric contribution
to Egypt's total éncrgy requirement in thigs system planning
study is basedon55.5 billion cubic metors of water per year.
Furthormore, the amounts of elcctric energy assumed to be
produced from water power were derived from ratios based on
Past actual opcration records rather than effective heads and
turbine efficiencics because o' some apparent but unidentified
discrepancy between the actual and theoretical efficiencies of

W~
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the hydrooloctric plants. More information on this aspect,
togothar with calculations of an uxemplo load dispatch schedule
for the forecast pcak load day of December 1983, appears later
in this chapter of the report.

Distribution of water releases over the yecar are not
controllod by EEA or the Ministry of Power and Enorgy but by
the Ministry of Irrigation and the foremost consideration in
schoduling wator reloasos relates to seasonal irrigation needs.
Of course, due attontion must be given to control of reservoir
olevations in torms of the annual flood season in late summer
and fall when the major portion of the total water for the
yecar flows from the Upper Nile tributaries.

The Power Survey Phase I recport strongly recommended closer
coordination between EEA and the Ministry of Irrigation in the
bolief that more 2ffective usc of available water may bo possible.
Current thinking and customary scheduling of water releases
throughout the year have normally provi<ded for discharges of
100 million cubic meters per day in the months of December and
January. These aro the months of minimum irrigation needs and
in former ycars, thesc low water periods have been used for
canal clcuning operations. The latter is not thought to be of
as much importance today, however, since hecavy mechanical
ocquipment is used for much of the dredging and low water levels
are not so necessary,.

Special permission was obtained by EEA to relcase 130
million cubic meters of water per day in December 1976 and
January 1977 but this was a spocial provision because of
limiled available thermal generating capacity in the UPS.
Although it might be possible to effect similar agrcements in
the future, there is grecat sensitivity throughout the government
to rcleases of water other than in direct relation to irrigation
or other physical neceds as contrasted to use for elecctric power
gencration. With water relcases of 100 million cubic meters
per day, the hydroelectric stations can gencrate about 17 million

kWh per day and this is the amount considered in the present
study.

A3 regards peaking capacity of the hydroeclectric facilities,
the maximum nameplate rating of the High Dam is 2100 MW (12 x 175Mw
units) and Aswan is 345 MW (7 x 16 + 2 x 11.5 MW units). As was
noted in the preceding Table, however, the dependable capabilities
of both of the hydroelectric plants are reported to be signifi-
cantly less than the nameplate ratings would indicate. At the
High Duam, cach penstock serves two turbines, and it is necessary
to remove both of these from service when maintenance work is
beine performed on either of them. Historically, thero have
virtually necver heen more than ten of the twelve units available
for operation at the same time. Therefore EEA holioves that it
ia not accurate to assume that the dependable capacity of the
High Dam is any morec than 1750 MW. Aswan Dam maximum output is
nos limited to about 260 MW be:ause of the low head normally &g‘x
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ﬁrovailing since construction of the High Dam. Furthermore, at
lecast one unit is characteristically out of service for mainte-
nance and the plant capability is usually about 225 Mw, Thersfore
the total maximum hydroelectric peaking capability for both plants
may be only about 1975 MW most of the timo.

Because of system stability limitations, the total pPermis-
eiblo generation at the hydro plants under certain conditions is
a function of the load magnitude and distribution in the UPS
systcm. Several previous studies and reports were examined and
from those a few values were obtained and used to establish
referencoe points from which a rudimentary graph of 500 kv trans-
mission capability was plotted. Interpolated values were then
obtainod for the load levels projected for the years 1977 through
1985, and it is these values that appear in the generation
capability table as hydroelectric capability. Although it is
recognized that the approach employed does not reprasent a
sophisticatoed or refined method, it is believed that the resulting
approximations are sufficiently accurate to permit relatively
roliable indications of transmission capability for present
purposcs.

Under 1976-77 conditions, the hydro capability limit is
of the order of 1500 MW but under anticipated load growth, this
i3 expeccted to gradually increase by 1982 to the maximum hydro-
olectric capability even if all units were to be in sgervice at
the same time. Lt should not be forgotten, however, that it is
very unlikely that all units will be in service simultaneously
unless grcatly improved performance and substantially reduced
maintcnance outage time can be achieved.

The foregoing discussion provides some additional insight
with regard to carlier suggestions concerning 500 kV line
ilmprovements., It is important that the reliability of the lines
be improved but it scems questionablethat any increase in transe-
mission capability through the addition of static capacitors is
Juntificd under prescnt conditions.

Tho matter of restraints on hydroelectric generation
because of transmission stability consideration is discussed
further in a following section entitled "llydro Generation and
500 kV Transmission Line Transfer Capability", ’

Problems in Providing New Capacity

FFinancing of new power facilities has been a sizeable
problem for Egypt and has frequently caused aelays in arrange-
monts for new installations. Entering into the total picture
at times may have been the previously menticned widespread idea
stemming from intornational publicity that :the mighty Aswan Dam
wa3 tho answer to all of the country's power necods of the
indefinite future and therefore no other facilities should be
noodad for a long timo. Some of tho relevant considerations in
this arca have been discussed in the foregoing part of this

roport, RQA\



Anotherimpediment has beenthe lack in some earlier reports
of solid substantiating data to support projections concerning
loads, energy requirements, load factors, and related items.

It has boen found extremely difficult to establish firm support
for some of these. The load forecast is perhaps the most
difficult becausec there is nothing for many years that can be
considered to represent a normal growth trend. In fact thare

is no normal growth trend because of the effects of the war
yeors--military action, dislocation of population in many areas,
and economic effects of both direct military activities and the
impncts on other programs of huge military expenditures.

Once an agreoment has been reached about the need for a
new power facility, then the dealings with foreign governments,
financing arrangements, contract nogotiations, and the like
arc very time consuming and .it has been extremely difficult to
mect anticipated schedules. In some instances, even after
construction has been arranged, shortages of construction and

heavy ercction equipment have produced difficult problems and
conscquent delays.

Similar to experiences of recent years in many other
countries, there has been local opposition to power plant
siting in Egypt which resulted in o change of location of at
least onc new plant within the past year. It is likely that
problems of this nature will continue.

Proposcd Capacity Additions throuvh 1985

One of the problems in formulating capacity expansion
plans and related schedules of needed generating capacity
additions for thec future has been that.of knowing what part
of the existing installed capacity can rcasonably be expected
to be serviccable at any given time.

Expressed concerns of EEA officials about ability to meet
penk loads at particular times and frequent reports of large
blocks of capancity out of service for maintcnance led to a
concerted effort <o evaluate the amount of resorve capacity
roquired for rcliable service to system loads.

Some carlicer reports indicated a nced for reclatively
large percentages of reserves but some offered little substan-
tiation nf the amounts suggested. After considerable discussion
with FEA people and review of available data, it was concluded
that & wore realistic approach than trying to derive a percent-
agc figure applying to the total installed capacity (or possibly
pcak load) would be to develop & neceded kilowatt capacity reserve
margin taking into account the poor condition of many of the
exiasting units and the number and sizes of future units together
with their oexpected normal maintenance requirements. Using this
approach, the system requirements were examined year-by-year on
the basis of the forecast pecak demand and annual energy amounts

prcacnted carlier, Y?/(
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Outage statistics for the years 1971 through 1975 (the
latest year readily available when this report was being
vroparcd) were studied and summarized as shown in the accompa-
nying Table I-6 entitled "Summary of Thermal Power Generating
Capacity Outages 1Y71-75". Using these results, an outage
projection was made for the generation block represented by
thoan of the present units that are expected to still be in
aor'vice in 1983, The total capacity projected to be out of
sorvice was split into two components, one for scheduled and
ono for non-scheduled maintenance. Similar projections wore
mado for the group of new units to beo installed betwcen 1978
and 1983, for the combustion turbines, and for the hydroeJectric
pPlants. These were combined to produce a total of the generating
capacity that on the average can be reasonable expected to be
out of service for maintenance at the time of monthly peak loads
in 1983. 1In order to enable a comparison between the expected
average conditions and a reasonably possible worse condition,

a comparison projection was prepared based on the average of

the wvorst month of each of the 1971-75 vears of records and the
assumption of simultaneous outages of more than one of the newer
steam units and hydroelectric units. These oppecar in the Table
I-6 entitled "Projected Average Simultaneous Uutages for Year
19837,  After the table was prepared supplementary information
was recceived on capacity availability during 1976. A note added
to tho Table compares the 1976 experience with the carlier 5=
yoar poriod,

Using the projected outage information as described, another
table was developed to show relative system capability in compa-
rison with the forecast pcak demand for 1983. Table I-7 is
ontitled "Load and Generating Capability Analysis - Year 1983",

To the forecast peak demand was added an extra increment of §
percent as a safcyuard against forecasting errors. Five per-
cenl was chosen because of its conformity with the U.S. Edison
Electric Institute's accepted allowance for errors of this type.

It will be noted that a spinning reserve allowance equal
to the capacity of the largest unit (i75 MW) was used. This
provicdes less than EEA's normal allowance of reserve equal to
the two largest units but it was considered appropriate since
allowancos had already been made for all expected outages both
scheduled and non-scheduled. Therefore spinning reserve equi-
valont to the one largest unit should be sufficient to meet any
romaining emergency contingencies.,

The eond result of the 1983 analysis shows that a surplus
somewhero between 16 and 219 MW should be available at the time
of poak demand under tho projected outage conditions. Therefore,
if cquipment problems should result in total capacity outages
equivalent to the average of tho "llighest Month'" conditions,
tho capacity margin in December 1983 would be only 16 MW and
the presently planned capacity would be sufficient to meet

anticipated peak demands through less than the first half of
1984,

o
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SUMNMARY COF TilEnMabL FCWER GENERATING CAPACITY OUTAGES®

16971 -

1975

Average Outages (N¥) For 3Scheduled and Non-Scheduled Maintenance At Times of

Average of 12 Months

Monthly Peak Loads

Highest Month of Year

Scineduled Non- 3cheduled Total . of Inastalled Scheduled Jon-Scheduled Total ‘.-of Instal
Year N ] MW Cavacitv rionth divW MW MW Capacity
1971 198.8 161.2 560 29.3 Dec. 230 200 430 35.0
1972 232.5 115.3 346 2.0 Dec. 265 200 465 37.0
1973 237.9 105.4 343 28.4% May 500 150 450 37.2
197% 155.8 184%.2 370 31.5 Apr. 160 300 460 38.9
1975 95.8 210.4 306 25.9 Oct. 75 425 500 42.5
Average 190.2 154.9 349 28.6 206 255 461 38.2
PROJECTED AVERAGE SIMULTANEOUS OUTAGES FOR YEAR 1983
Average of 12 Months llizhest Month of Year
Sched. Non-Sched. 1-tal % of Installed Sched. ©Non-Sched. Total ¢ of Installed
My NS Mw Capacity N MW MW Capacity

0ld Steam Units 171 140 511 23.8 186 230 416 38.6

(.078 MW) .
New Stcam Units 150 o 150 9.5 150 87 237 14.7

{1617 MW)
Combus. Turbines 30 12 42 9.2 30 23 53 11.6

( 1556 bw)
Hydroelcctric 335 o 335 16.3. 385 0 385 16.3

(2360 MW)
Total(5511 Mw) 756 152 88¢ 16.1 751 340 1091 19.8

* See

Note:

3
-/
>

EE\N Dispatching Inspectorate Report No. 6-1976 for detailed outage statistios.

L )

Information on generating capacity availability for 1976 received after above statistics were
accumulated indicates for that year an average UPS available generating capability of 2694 MW.
This may be compared with totals of 2754 MW and 2649 MW at time of monthly peak loads as derived
from the above figures for Average of 1Z2 Months and Highest Month of Year respectively.

¢Z=0
n-
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LOAD AND GENE!ATING TAFABILITY ANALYSIS - YEAR 1965

Installed Capacity®

Steam
O1d Units (Prior to 1970) 1073 MW
New Units (1978 and Later®®) 1617 ¥ {Includes Kafr E1l Dawar, New Cairo West, Aba Qir,
. Ismailia & Suez I but not New Plant I)
Combustion Turbines 456 MW
Hydroelectric 2360 MW

Total 5511 MW

Analysis of Estimated Available Capacity for Average donth and High Maintenance of 1983e¢ce

Hisg Month

Averace Month

Ifustalled Capacity (Without New Plant I) 5511 MW 5511 MW
Scheduled Maintenance Outage 736 MW 751 MW
4775 MW 4760 Mw

Non-Schcduled Maintenance Outages 152 MW 340 MW
4623 MW 4420 Mw

Spinning Reserve (Equiv. to Largest Unit) 175 MW 1 MW
Net System Capability 4448 Mw 4245 MW
Forecast Load 4028 My 4028 Mw
Forecast Load (+ 5% for Margin of Error) 4229 MW 4229 MW
Capacity Minus Load (Based on Forecast + 5%) 219 MW 16 MW

® See Accompanying Table - "Installed and Projected. Generating Capacity"
®*® No New Steam units were installed between 1970 and the scheduled 1978 in-service dates for 2 unitse

at Kafr El Dawar..

"’/Sce Accompanying Tables~"Summary of Thermal Generation Outages 1971-1975" and “Projected Average
< o

(-R Simultaneous Maintenance Outages for year 1983 kS
[«TY
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The results of using the preceding method of reserve ana-
lysis gives a conservative or "optimistic" reserve requirement.

In order to gain greater insight into the maximum possible
syatem reserve requirements several computer runs using probabi-
lity methods were performed. The program utilized in the first
group of these studios was based on the "loss of capacity
probability" method using the binomial distribution for the
stato of the different unita running in the power system. The
on -line units were combined into any number of groups having
the same size and same forced outage rates. For each group,
the number of similar units, the MW rating of each and the rate
of forced outage were input data. The output of the program
gave the cumulative probability of loss of capacity for each
group and for the total combination of groups.

The big disadvantage of this method is that it assumes
the daily system pcak demand exists for twenty four hours (in
other words a system load factor of 100%) and as such gives a
"pessimistic" result.

In order to evaluate the effect of an increcased forced
outage rate for the older presently existing thermal units
sensitivity studies were performed with a 50% and 100% increase
in the original forced outage rates of such units. The forced
oulage rates of the hydro, combustion turbine and new steam units
were held constant in all these additional studies. The normal
EFA reliability rate used in probability studies is 0.999
corresponding to a one day system outage in four (250 working
days) years. JPractice in the United Statcs is one day in ten
years or a reliability level of .9Y97a Egvptian Six day work
week. Other reliability levels were also used in the sensitivity
stndies.

The rosults of such studies are tabulated in Table I-8

TABLE 1-8

RESULTS OF RELIABILITY STUDY USING PROBABILITY METHODS

Case 1: FOR as adopted in the previous EEA studies

Roserve Requirement:

125 MW for 0.99 Reliability Level (1 day in 100 days)
615 MW v 0.999 “ " (1 day in 4 years)
720 MW " 0,9998 " " (1 day in 20 years)

Case 2: FOR increased 50% for older thermal units

Reserve Requirement:

k9s MW for 0.99 Reliability Level
6410 MW " 0.999 " n

725 MW 1" 0.9998 " "

CAX
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Case 33 FOR increased 100% for older thermal units

Roserve Hequirement:

525 MW for 0.99 Reliability Level
670 MW " 0.999 " "
755 MW" 0.9998 " "

The required system reserve requirement using the Above
moro "pessimistic" method of analysis would be: :

Scheduled Maintenance 736 MW
Spinning Reserve for system .
(Reliability Level 0.999) 615 MW
Forecasting Errors (5%) 201 MW

1552 Mw

Percent Re:erve Margin on Peak Demand = 38.5%

®* In the former optimistic analysis using scheduled and non-
scheduled maintenance this value was 327 MW giving a total
reserve requirement of 1264 MW or 31.4% of the peak demand.

The preceding '"loss of capacity" method gave on overall
2% hour system reliability result much greater than that used
in the study. This was due to the fact that it considered a
load duration curve with a 100 percent load factor and with a
constant 2/t hour demand equal to the daily maximum demand.
Conscquently it gave an excoss reserve roquirement. In order
to obtain more meaningful results a "loss of load probability"
study was next run. For this type of study the daily load
duration curve for December ,Graph I-/t was used with the FOR's
to determine the loss of capacity not available during different

periods of the day. For the study the load duration curve was
divided into threce finite increments as shown in Graph I. 3

below:

GRAPH I-3

LOAD DURATION CURVE AND TIME PERIODS
FOR LOSS OF LOAD PROBABILITY STUDY

OD’E.RATMG .CA PAC l;Y O)

Ore CEA?\NG EAPAC Ty @

OreRaTING CaPacity )

Loap- Mw

o Time «w 7. 100
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A typical goneration dispatch for each of the operating
poriods was then prepared. The first dispatch considered all
units (loss those out for scheduled maintenance) to be on the
line; tho second dispatch considered the combustion turbines
shut down and reduced hydro capacity; the third dispatch con-
sidered additional reduced hydro capacity. Separate "loss of
capacity probability" gtudies were run for each block of the
load duration curve and the results then evaluated by using the
percent time periods of the load duration curve affeocted by such
loss. Tho results were then plotted in the form of a graph using
somi-logarithmic paper. From this graph the required reserve to
mcot the reliability levels were obtained. For a reliability
level of 0.999 (the EEA standard) a reserve requirement of 430 MW
is roquired. For a reliability level ,f 0.9997 (1 day in 10 years)
@ reservo roquirement of 510 MW is required. Both of these high
resorve requirement values obtained by the "loss of load probabi-
lity" method reinforce the original recommondation that additional
generation in required in 1983 if the EEA's installed generation
48 to rcliably serve the forecasted peak loads.

Since several months are likely to be required for a new
unit to reach commercial maturity, it is recommended that such
a unit bc scheduled for operation no later than the third quarter
of 1983. The pcak demand in 1984 is forecasted to incrcase by
490 MW over the preceding yecar. Therefore, more new capacity will
be nceded to meet the anticipated load requirements at that time.

Any of the capacity additions suggested by thig study indi-
cate that unit sizes larger than the 150 MW ratings utilized
through 1982 (Sucz I Plant) zhould Le considered for the future.
The subject of unit sizes however, 1is discussed scparately in
a subsequcnt scction of this chapter.

In view of the indicated capacity situation, the expected
loads, and the ever-present difficulty of meceting scheduled dates
for installation of new facilities, it is recommended that plans
Le made promptly for the addition of a 2 x 300 My unit steam plant
with an installation schedule to provide for initial operation of
the first unit during the third quarter of 1983, which is probably
about as carly as it is possible to have such a unit in initial

operation. The second unit should be scheduled to follow within
a few months.

Load and Generation Analysis

December 1983 Forecast Peak Load Day

The following is an analysis of generation required under
the assumed conditions as specified to meet a load of 4229 MW and
75664 MWH possible on the peak load day of December 1983, It is
prcsented to illustrate how the available sources of generation
might be used to meet the load requirement. The accompanying
Graph 1-%4 shows the projected hourly load distribution and the
division of energy supply betwecen hydro and thermal sources.

Tho analysis presents the conditions which would have to be met

if', becausc of forecast orrors, the demand and cnergy reguirements 61 ‘)(

“hould exceed the forecast values by five percent as explained
carlier,
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Assusptions

100,000,000 M>/DAY Water Allocation at High Dam
229 MW Peak Load (Forecast + 5%)
75664.05 MWH/DAY Energy Requirement

deraulic Efficiencies

In order to eliminate possible questions about the accuracy
of hydraulic turbine and generator efficiencies and their effects
on olectrical output from the hydro plants, the overall water
flow to electricity conversion ratios used here have been derived
from EEA operation records for the past two Years rather than '
utilizying assumptions as to theoretical turbine efficiencies,
heads, standardized hydraulic power formulas, and the like.
Reported monthly water discharges through the turbines and the
energy generated yield the following results:

1975 M3 /kWh 1976 M3 /kiWh
liigh Dam Aswan lligh Dam Aswan
Jan, 8.398 19.910 7.413 22.630
Fab, 8.247 22.423 7.271 21.967
Mar, 8.422 21.198 7.484 23.206
Apr. : 8.497 21,605 7.581 23.053
May 8.184 20.830 7.523 23,012
June 8.624 20,582 7.237 23.035
July 8.914 20.597 7.567 22,401
Aug. 8.874 36+9507 7.371 22,186
Sep., 7.964 20.087 7.268 22.839
Oct. 7.506 18.445 7.105 22,321
Nov. 7.429 19.811 7.143 22,999
Dec. 7.329 19.405 7.232 22,723
230+987? 7.350 22,698
Avorage 8.199 20. 445 7.350 22,698

Based on the above, the foliowing water use values were
sclected for this analysis:

ligh Dam 8 M>/kwh

Aswan 22 M3/kWh

This is the amount of water normally scheduled by Ministry of
Irrigation for the months of December and January. mc*\
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_ Computation of Generation Requirements

Forecast +5%

“nergy from Hydroelectric Sources:
liigh Dam ~ 100,000,000 M’/Day -

Hevivining Available capacity

Foasimnm load

S l..'\lnlh)' Reserve

" lhas ia derated value used instead of 345 MW for

12.500;000 kWh

W8 Ly

229

219 hiy

245 My

229 My
—_—

16 M9

Aswan plant

capability boecause of limiting low head conditions sinceo High

M cloimre,

8
Aswan Dam - 100,000,000 NS/Day = k,540,000 xwWh
22
Total Hydro Energy/Day = 17,040,000 kWh
With I'eak Day Energy Total = 75,604,050 KkWh
and llydro contribution = 17,040,000 kWh
Thermal Fnergy Requirement = 58,624,050 kWh
Thormal Capacity Required n 58624050= 2443 My
24
Average Illigh
summary Maintecnance Maintenance
I'eak Load o= 4229 229 My
needoed Thermal Capacity 2003 My 2043 Mw
Weoded liyvdreo Capacity = 1786 MW 1786 MW
Anticipated System Capability
(00 Lable of generating
capabilitics through 1985
cltevhere in this report)
Hydre - iligh Dam (12 x 175 MW Units) 2100 MW, 2100 MW
Aswan (7 x46 + 2 x 11,5 M) 200 MW 260 Mw
Fotal liydroeclectric 2360 MW 2360 MW
Thermal - Steam 20695 MW 2695 MW
Gas Turbines 56 My 56 MW
Tolal ‘I'hermal 3151 MW 3151 MW
Total JInstalled Capacity 5511 MW 5511 MW
Maintenance Outages (sece table in
leport Text) 888 mMw 1091 MW
Capacily Available at VPeak Load 16235 Mw 20 v
“pinning Reserve (Equal to Largest Unit) 175 MW 175 MW

N3 x
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272
Planned Dates of Commercial Operation for Expected New
Genorating Plants
The following Table I-9 shows the 8cheduled or otherwise
anticipated dates of commercial operation for the new gener-
ating units to be added to the Unified Power System through
the year 1985,
TADLE 1-9

ESTIMATED DATES OF COMMERCIAL OPERATION OF GENERATING UNITS

Plant EEA's Survey
Team's

Location Size Type Date Date
Helwan 120 MW Total Gas Turbine 1977 1978
Talkha 180 MW Total Ges Twbine 1978 1978
Kafr El1 Dawar 3 x 110 My Stoam 1978-79-.82 1978-79.82
Cairo West 1 x 87 Mw Steam 1979 1979
- ith Unit
Abu Qir 2 x 150 Mw Steam 1980 1980

1st Phase :
Abu Qir 2 x 150 MW Stoam 1981 1981

2nd Phase
Ismailia 2 x 150 MW Steam 1981 1982
Suecz [ 2 x 150 MW Steanm 1982 1982
New Plant I 2 x 300 MW Steam 1982 1983
Sidi Kreir I 1 x 600 Mw Nuclear 1983 1985

EEA's schedule of dates for commercial operation of tho
Helwan gas turbines, the Ismailia steam Povwer plant; the New
Plant I, and the first unit of the Sidi-Kreir nuclear power

preseni day lead times for plant construction in dcvcloping
countries is shown in Table I- 10
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TABLE 1-12
LEAD TIME~-MONTHS
Study-Financing- Plus Engineering.
Specifications & Manufacturing and
Bidding Time Construction Total
(Months) time (Months) (Months)
Gas turbines _ :
small/large 6 18/24 24/30
New foasil fyel steam
small/large 12/18 48/60 60/78
Nuclear 24 78 102

in the last column of the Table I-9 "Estimated Dates of Com-
morcial Operation"., 7t has been arrived at after considering

the present status of the financing, procurement and construction
schodules for the Previously mentioned power plants and after
extensive discussions with both EEA officials and outside sources.

Of particular interest to the pPresent study is the timing
of the proposed fosasil fuel power plant, identifjed in this
study as the "New Plant I", and the proposed first unit of the
Sidi Kreir huclear power station. The earliest estimated date
for commercial operation of the New Plant I is 1983 based on a
schedule of one to one and a half Year financing and Procurement
timo and of a four to five Year constructjion schedule. The
earlicst estimated date for commercial operation of the first

Bources of power generation such as the proposed 2 x 300 MW
New Plant I jp order to be able to satisfy the power and ener

two units of 150 MW size at the Ismailia plant, and two units of
150 MW size at tho Suez I plant for a total of eight 150 MW 0\&)
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In 1983 the forecasted peak load will be 4028 MW and in
1984 it will be 45313 MW. The corresponding installed maximum
effoctive gonerating capacity is expected to be approximately
5511 MW for both 1983 and 1984, The addition of a new 300 MW
generating unit in 1983 would make this 5811 MW and the addition
of a second 300 MW unit in 1984 would make this 6111 Mw.,

A "rule of thumb" often used in sizing new generating
additions to an electric utility system is that the largest
unit size should be between seven and ten percent of the inastal-
led generating capacity.

The following Table I-11 entitled "Relationship of Maximum
Unit Size and Peak Demand" was taken from the Market Survey for
Nuclear Power in Developing Countries- 1974 Edition", It covers
all types of power plants and appeared as Table XI, page 18,
of that report and was used in the International Atomic Energy
Agency goneration expansion study for Egypt.

TABLE I-11

RELATIONSHIP OF MAXIMUM UNIT SIZE AND PEAK DEMAND

Peak demand Maximum unit size Percentage
(MW) (MW) of peak demand
250 50 20.0
00 75 19.0
550 100 18.2
700 125 17.8
850 150 17.6
1500 200 13.3
2000 250 12.5
2500 300 12,0
3700 400 10.8
5400 500 9.3
7000 600 8.6
9600 700 7.3
12000 800 6.7
17000 1000 5.9
22000 1200 5.5
30000 1500 5.0

The size and peak demand relationships show that the
maxiimum turbine generator unit s ¢ used in the IAEA study
was approximately 450 MW for additions to the system in 1983-

8h. (That study assumed a forecasted peak load of approximate-
ly 4200 M), 61

"
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5 H
The following Graph I-5 shows the economy of acale
rolationship of the cost index and unit size for fossil
fuel steam electric units up to 500 Mw, :
GRAPH 1I.5
1.2 F
COST INDEX
vs
UNIT SI2E
1.1 FOSSIL FUEL STEAM ELECTRIC UNITS
1.0 r
0.9 |
o . 8 P
o L] 7 ol
] 4 [ { 1
100 200 300 400 500

UNIT SIZE - M4
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Graph I-$ shows that therc is approximately a nine percent
saving in unit cost (U,S.$/KW) in installing a 300 MW steam
turbine generator oveor installing two 150 MW steam turbine
goenorators and approximately a sixtcen percent saving in unit
coast (U,S.8/KW) in installing a 450 MW stoam turbine ge:.srator
over three 150 MW units. 1In addition there is often a three
to four porcent improvement in plant heat rate to be geined
from the installation of the larger more efficient units.

After considering many aspects of the Unified Power System
and its futuro operation, it is recommended that the next steam
power plant unit size to be added to the EEA system be 300 MW,
Genorating expansion studies should be performed up through the
yoar 2000 to determine the optimum size of later units, taking
into account both scheduled maintenance ard system spinning
recsorve requirements. The change to a 300 MW size is undoubt-
odly justifiod at present in view of the high forecasted loads
and EEA's planned intontion to shortly thereafter add a 600 Mw
nuclear unit to the systoem.

Another alternative to be considered and studied is the
posuible construction of a combined cycle plant with its lower
dollar per kilowatt installed cost. It is estimated that a
300 MW combined cycle plant wouid cost approximately 25 percent
less than a conventional steam power plant and has the additional
advantago of a better heat rate (possibly 9600 btu/kWh compared
to 9000 btu/kWh). Ono proposal put forth by the EEA's staff is
that of considering the use of the 180 MW of combustion gas
turbines presently scheduled to be installed at Talkha as part
of a combined :ycle plant. It is likely, howover, that such
on installation would require original plans based on this
desivn, and that an initiat independent combustion turbine sta-
tion of usual design would not ho fcasible for later adaptation
to combined cycle application.

Plant Typr and Location

The previous discussion covers the recommendation that
a new power plant preferably of the 300 MW size bo added to
the EEA systcm before the third quarter of 1983 with a second
unit to be scheduled for commercial opecration a few months
latoer.

The site location of such a power plant needs to be
studied. Onc possible site proposed is that south of the city
of Suez at Ain Sokhna, the location of the teorminal of the
SUMED potroleum oil pipeline. Another location to be considered
is further south on the Gulf of Suez in the vicinity of the Ras
Gharib location, where the oil and gas ficlds are situated. This
latter site weuld necessitate a substantial extension (200 lun or
wore) of the EEA transmission systom. This would be no different,
however, Lo the plan used in other countries of locating power q51X'
plants near coal deposits and transmitting the gonerated clectric
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powor for distancos as gfoat or greator than those suggested
here.

Tho use of the sitos discussed above is predicated upon
the possible use of otherwise flared gas as the plant fuel. Load
predictions for the reasonable future do not indicato sufficient
load growth in the Canal Zone and Gulf of Suez area to Justify
tho construction at this time of any more gencrating capacity
in those areas than that which is alrecady planned unless there
iy somo other roason for building a new plant there. It has
been thought that the Gulf and the Red Sca coastal areas might
offer considerable promise as future industrial development
arcas becausc of the gas and petroleum resources, the availa-

bility of sea transportation, and the nearness of reported
mineral deposits.

At present a large volume of gas (4 million cubic meteras/
day) is being flared wastefully at the oil fields in the Gulf
of Suez, and this mny be a strong inducement to locate a power
plant nearby if arrangements can be made to take advantage of
this otherwisc wasted source of fuel.

Another matter that might be studied is the possible
construction of a combination power/water desalting plant in
the Gulf of Sucz Area as presently therec is no available potable
water in tho lower Gulf arca and 21l frosh water must be brought
by tanker from the port of Suoz.

All those alterna@es should be studiecd before a final
decision on the type plant and its location is made.

Hydro Generation and 500 kV Transmission Lino Transfer Capability

Previous studics by the Russians and others have shown
that the maximum through transfer capability governed by steady
statc stability considerations of the two 500 kV transmission
lines between the Iigh Dam and Cairo is of the order of 1700-
1800 MW, This assumes no intcrmediate loads between the High
Dam 500 kV bus and the Cairo 500 kV bus, and is the maximum
capable stable power transmission limit between the High Dam
sourcc and the lower Egypt load when the system is subjected
to small disturbances. At this point the internal angle
botweon the hydro gencrators in Upper Egypt and generators in
Lower Egypt would be the maximum possible with the system on
the vergo of instability.

A cursory check of such steady state staoility limit
utilizing a power circle diagram with ten of the liigh Dam
hydro units and all of the Aswan hydro units in operation has
indicated a maximum limit of tho order of 1540 MW. This analysis
bowover, disregarded line capacitance, synchronous condensers,

clc. 3o the 1700-1800 MW maszzinum transfer capability is believed
to be a realistic value.

|00
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The philosophy of the EEA in operating the 500 kV transe
mission system is to allow a reasonable safety margin. The
safety factor normally considered is éxpressed as follows;

Ks = Pmax -~ Pty x 100
Ptr

where: Pmax = maximum power transmitted
Ptr = normal transmitted power
Ks must be equal or groater than:
20% for normal operation
8% for short term condition
after fault clearance

Normal utility Practice is to operate within a "gafe area'
where system stability jis assured. A usual practice is to
allow a 20 percent safety margin with the limit extended by
the use of automatic voltage regulators particularly when fast
acting regulators such as those of the electronic type are used.
When applied to the UPS, this can be interproted to mean that
for normal operation the through transfer power limit between
the High Dam 500 kv switchyard and the Cairo 500 kv switchyard
would bo of the order of 1420-1500 M,

Such limiting values were considered in determining the
useable peak hyvdro Seneration capability on a Yearly basis to
cemploy in the g§cneration expansion Study. The other limitation
was that of limiting the Aswan hydro dam to a capability of
2060 MW because of the reduction in head ¢xporienced by the
Aswan Dam after the construction of the High Dam,

By the yecar 1983, the following large industrial loads
are expeccted to be operating in Upper Egypt:

INDUSTRY
1. Ras Gharib Nitrates 50 MW
2. Kima Fertilizer 250 My
3. Ferro Silicon at Edfu 120 Mw
he Mining at Esna 10 My
5. Mine Fertilizer at Abu Tartur 90 MW
6. Aluminium Smelter at Nag Hammadi 400 My
7. Cement Plant at Assiut 35 MW

Total 955 Mw

Assuming ten of the twelve 175 My hydro units at the High
Dam in operation (two units out because of maintenance worle)

expected approximate maximum power flow in the two circuit
500 kV transmission lino as shown ip Figure I-1 "Loaq Flow
Diagram - Upper Eeypt" would Le:

|0 X
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FIGURE I-1

LOAD FLOW DIAGRAM - UPPER EGYPT (19@21 '

High Dam Nag Hammadi Samalut Cajro
1750 M O—1 1500M¥ — 900 MW~ 820 MW=
"l } 250 MW {6o0nw —l;uomw
— )
225 WO — <—-—O}0H\»’
Aswan Assiut |

Note: All 500 kV transmission line losses (normally 5-6 percent
of transmitted power) have bheen neglected.

It can be scon from the above load flow diagram that the
system is operating woll outsidoc the 20 percent safety margin
that tho EEA requires for normal operation. An A.C Network
Analyzor study has verified the above load flow normal stability
safoty limit transfer capability of the 500 kV transmission lines.

It is on this basis that the full operating capability of
the High and Aswan Dams complex of :1975 MW (1750 MW H.D. and
225 MW Aswan Dam) was considered as being casily within the safe
transmission capability limit in the 1980's. It is also for
this roason that any series capacitor line compensation or the
building of a third 500 kV transmission line is believed un-
nocessary under the prcsently anticipated future load conditions,
llowevor, improvemont in reliability of the two existing 500 kV
transmission lines is necessary if the full capability of such
lines is to be available on an adequacely dependable basis.

The capability of the hydro complex for the years preceding
1983 has been roughly determined considering both transmission

lino stability and system dynamic stability as restraints limiting
the hydro output at time of peak.



CHAPTER I1I

LONG _RANGE LOAD FORECAST (1985-2000)

Summary and Conclusions

Because of the urgent requirement for an approximate
long-range load forecast to be used in financial analyses,
such a load forecast is included at this time in the Plan-
ning Diagnostic Report. Although the Terms of Reference
require a forecast out through the year 1995, a forecast
through the year 2000 is included here. A section on the
controversal subject of ths EEA's forecasted system load
factorsis also included in this chaptor of the Diagnostic
Report.

Both these items will be roevaluated and determined -
with greather accuracy during the implementation portion
of the power survey but are presented at this time for the
aforementioned reasons.
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Long Range Load Forecast

Several long-range load forecasts exist for the EEA
clectric power system up through the year 2000, The most
comprohensive is that publishod by the International Atomic
Energy Agency in their report ''Market Survey for Nuclear Power
in Developing Countries - Arab Republic of Egypt". This load
forocast, identified in the IAEA report as Table X-3, was used
with the Wien Automatic System Planning Package (WASP) for the
geuoration expansion study of the EEA. It is reproduced in
Table Il1-1 below.

TABLE 1I-1

LOAD DESCRIPTION-WASP FPROGRAM DATA

Max. Quarterly load factors(%)
Year demand Energy
(MW) 18t 2nd  3rd tth  Annual (GWh)

1978 | 2923 | 76.01 77.99 ?74.04 73.01 | 71.89 | 18408.2
1979 3097 76.01 77.99 74.04 73.01 71.89 19504.0
1980 | 3282 | 76.01 ?77.99 74.0% 73.01 | 71.89 | 20669.0
1981 | 3516 | 76.01 ?77.99 74.04 73.01 | 71.89 | 22136.4
1982 | 3766 | 76.01 ?77.99 74.04 ?73.01 | 71.89 | 23717.1
1983 | 4091 | 75.00 76.01 73.01 73.01 70.95 | 25426.7
1984 [ 4hh5 | 73.01  75.00  71.92  71.97 | 69.74 | 27156.5
1985 | 4831 | 71.97 74.04 71.04 71.04 | 68.82 | 29124.8
1986 | 5392 | 71.04 73.01 71.01 70.01 | 67.86 | 32053.1
1987 | 6019 | 70.01 71.97 68.99 68.99 | 66.88 | 35263.0
1988 | 6720 | 68.99 71.04 68.01 68.01 | 65.94 | 38819.0
1989 | 7505 | 68.01 70.01 66.97 66.92 | 64.97 | 42710.8
1990 | 8383 | 66.92 68.99 65.99 65.99 | 64.00 | 47001.9
1991 | 8914 | 66.92 68.99 65.99 65.99 | 64.00 | 49984.8
1992 | 9479 | 66.92 68.99 65.99 65.99 | 64.00 | 53141.4
1993 | 10080 | 66.92 68.99 65.99 65.99 | 64.00 | 56516.7
1994 | 10719 | 66.92 68.99 65.99 65.99. 64.00 | 60093.9
1995 | 11398 | 66.92 68.99 65.99 65.99 | 64,00 | 63906.5
1996 | 12104 | 66.92 68.99 65.99 65.99 | 64.00 | 67864.8
1997 | 12853 | 66.92 68.99 65.99 65.99 | 64.00 | 72064.4
1998 | 13650 | 66.92 68.99 65.99 65.99 | 64.00 | 76533.0
1999 | 1495 | 66.92 68.99 65.99 065.99 | 64.00 | 81276.3
2000 | 15393 | 66.97 68.99 65.99 65.99 | 64.00 | 86305.7 \GV\
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This forecast is based on the "Aoki'" method of load fore-
casting obtained from historical data (1961-1968) of the growth
rate of gross national product (GNP) and of energy generation
for 111 countries. It assumes that a corrclation exists between
the Gross Electricity Generation per Capita (kWh/capita) and
the Gross National Product per Capita (US 8/capita). Of course,
the resultant accuracy of any load forecast utilizing such a
method depends upon the ability to accurately forecast both a
country's gross national product and its population growth.

The '"Aoki" method has been used successfully for long-range
load forecasts in many countries such as Iran where it has cor-

rolatecd closcly with other methods such as the Elasticity Method
and the Stanford Method.

Another approach employed by EEA for their long-range load
forocast is the samo as that utilized for the short-range load
forecast in which the electrical load is first assumed to double
in sevon years, then again doubling in approximately eight years,

then in nine years, and finally in ten years out to the year
2000.

If we continue the short-range load forecast of Chapter I
on the above basis and assuming that the 1985 system load factor
of 69.2 percent is gradually reduced to a load factor of 64 per-
cent (the samo load factor for the year 2000 as that employed
by the IAEA in their study), we obtain the long-range load
forecast for the period 1986-2000 shown in the lower half of
Table 11-2, "Load Foreccast 1976-2000",

Systom Annual Load Factors

A discussion is included in this Diagnostic Report covering
syatem load factorsbecause of the excecedingly high syastem load
factors utilized in previous long-range load forccasts. This
matter is prescntly under study and definitely will be ascertained
with reasonable accuracy during the implemcntation portion of
Lhe survey.

The system load factor for the year 1976 was 69.4 percent
and from 1960 to 1976 it varied betwecen 66.0 and 76 percent.
The load factor for the remainder of the 1976 system, less the
heavy industry, as listed for that year in Table 1-2 entitled
"Initial Pealk Demand and Energy Forecast" was 61.3 percent.

Table II-3 shows the forecasted load factors for various
developing countries of the world for the yoars 1980, 1990 and
2000. It averages between 60 and 61 percent. The 1976 average
load factor of the 100 largest electric utilities in the United
5tates, a very heavy industrialized nation, was 58.3 percent.

Previous load forecasts of the EEA have utilized very
high lom:d factors such as 81.5 percent for 1985 and 74.4 per-
zent for the yecar 2000. Sandcrson and Porter's load factor
cutimnte for the same years sie 69.2 percent for 1985 and /T{$7Y
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64.0 percent for tho year 2000. Even these are some of the
highest in the world.

By 1980 it is expected that the industrial sector of the
Egyptian economy will account for approximatoly 60% of the
country's energy consumption and that much of such consumption
will bo by large high load factor industries. After 1985 the
percentage growth or such industries is expected to be reduced
drastically while the consumption of the lower load factor
residential, light industriel, and commercial enterprises is
oexpocted to increase and to account for the greater portion of
Egypt's load growth out to the year 2000.

At the present time 65 percent of Egypt's electrical
energy requirement is produced by hydro power from the High
and Aswan Dama. By 1985 this percentage of hydro production
to tho total system electric energy requirement will have been
reducod to 40 percent and by the year 2000 to less than 15 per=
cent. Tho era of inexpensive hydro power will have passed and
6ll new industrial tariffs will have to be predicated on the
incremental cost method of the more expensive nuclear
and foasil fuel means of power production. This will reduce
tho attractiveness of establishing additional high load factor
large industrial loads, and will likely affect the load growth
patterns correspondingly. At the prosent time, Egypt's large
industrial cxpansion program is not based on incremental costs,
and in somo instances large industries are being subsidized at
coats woll below the actual onergy production costs utilizing
fossil fuel power sources. For the above reasons, it is
suggested that the system load factor of EEA will docrease in

the future to a value approaching that of the other countries
in the world.



SHORT RANGE LOAD FORECAST

LONG RANGE LOAD FORECAST

40 .G-45

TABLE II-2
LOAD FORECAST _1976-2000
Energy
Year Max.Demand Energy Growth Load Factor
(MW) (GWH) (Percent) (Percent)
1976 1909 11640 18.8 69.4
1977 2192 13500 16.0 70.3
1978 2470 15150 12.2 70.0
1979 2678 16750 10.6 71.4
1980 2924 18520 10.6 72.1
1981 3192 20470 10.5 73.2
1982 3578 22630 10,6 72.2
1983 4028 25020 10.6 70.9
1984 4518 27660 10.6 69.7
1985 5045 30580 10.6 69.2
1986 5527 3360 9.1 68.9
1987 60066 36400 9.1 68.5
1988 6629 39710 9.1 68.2
1989 7221 42890 8.0 67.8
1990 7834 46320 8.0 67.5
1991 8510 50020 8.0 67.1
1992 9208 54030 8.0 66.8
1993 10032 58350 8.0 66.4
1994 10884 63020 8.0 66.1
1995 11826 68060 8.0 65.7
1996 12794 73500 8.0 65.4
1997 13941 79380 8.0 65.0
1998 15015 85100 7.2 64.7
1999 16197 91230 7.2 64.3
2000 17395 97790 7.2 64.0
Grg:?ﬁogzge Max.Demand Energy

1952-1976 12.6% 11.9%

1979-1985 11.4? 11.33 |

bt oo (274

1976-2000 9.6%% 9.3% .



TABLE II1-3

FORECAST PEAK DEMAND (GW) AND ELECTRICITY GENERATION (TWh)?®
AND LOAD FACTOR BY REGION

Gelb

GW TWh % Load Factor

1980 1990 2000 1980 1990 2000 1980 1990 2000

Contral and

South Amecrica
Drazil 21.4 52.8 101.0 [119.3 294.6 563.5 | 63.5 63.7 63.5
tirxxico 13.5 33.3 ?70.0 73.3 180.3 380.2 61,8 62,0 61.8
Argentina 8.2 16.5 29.0 | 42.0 83.2 148,0 | 58.3 57.6 58.1
venozuela 6.2 11.9 21.0 | 32.4 62.7 110.4 | 59.5 60.1 59.8
Columbia 4.8 9.6 18.0 | 25.2 50.5 94,6 59.8 60.1 59.8
Feru 2,7 5.2 9.6 | 14.0 27,5 50.5 | 59.0 60.4 59.9
Chilo 2.2 4.5 8.1 ] 10.9 22.7 41.0 | 56.4 57.6 57.6
Cuba 1.9 3.0 6.6 9.9 19.1 34,7 59.3 60.6 59.9
Uruguay 1.0 2,0 3.8 5.3 10.5 20.0 | 60.3 59.9 59.9
Jamaica 0.8 2,2 6.1 4.9 13.7 37.4 69.7 71.1 69.8
Costn Rica 0.4 1.0 2.3 2.3 5.5 12,1 ] 65.5 62.8 59.9
«(Dominican Rep. 0.4 1.0 2,2 2.2 5.2 11,3 | 62.6 59.4 58.5
Lcuador - 0.4 1,0 2,2 2.2 5.2 11,3 | 62,6 59.4 58.5
I'anama o.kh 1,0 2.2 2,2 5.2 11,3 | 62,6 59.4 58.5
Dolivia 0.4 0.9 1.9 1.9 4.5 9.7 | 5%.1 57.1 58.1
Guntemala 0.3 0.8 1,7 1.7 3.9 8.7 | 64.5 55.7 58.3
1 salvador 0.3 0.8 1.6 1.6 3.8 8.3 | 60.7 54.2 59,1
Asia & Far East | Avor. | 61.2 60.1 60.1
India 40.0 88.0 190.0 {210,0 462.0 1000.0 | 59.8 59.9 59.9
1ran 7.5 21.0 39.0 | 39.4 110.4 205.0 | 59.8 60.0 59.8
Taiwan 7.3 17.4 33.0 | 38.2 91.2 173.4 | 59.6 59.8 59.8
Korea 5. 13,2 27.5 | 31.0 76.3 159.0 | 65.4 66.0 65.8
I'akistan k.4 10,7 22.7 | 23.0 56.4 119.2 | 59.5 60.2 59.8
Thailand 2.7 6.5 13.4 | 20.0 36.6 75.4 | 84.3 64.1 64.1
Philip. (Luzon) | 2.6 6.2 13.9 | 13.7 32.5 72.8 | 60.0 59.8 59.6
- |liong Kong 2.5 5.6 10.1 | 13.1 29.5 53.0 | 59.7 60.1 59.7
. Singapore 1.5 4.7 12.0 8.7 26.5 68.6 | 66,0 64.4 65.1
Malaysia(Penin. )| 1.4 3.4 7.0 7.5 17.8 37.0 | 61.0 59.8 60,2
Indonesia(Java) 1.0 3.4 8.0 5.3 17.9 h2.0 60.3 60.1 59.8
ltepe Vietnam 1.1 2,9 6.5 5.8 15.0 34.0 | 60.0 59.0 59.5
Hangladesh 1.0 4.5 9.7 4,8 21,7 51.0 54,6 55,0 59.9
Aver. | 62.3 60.&ﬂ61;o




Tablo (cunts) e

_Ge47
GW Twh % Load Factor
1980 1990 2000 | 1980 1990 2000 | 1980 1990 2000
kuropo, Middle
tLast and Africa
Spain 24,8 46.6 83.5 |130.4 245,0 438,9| 59,9 60.0 59.8
Yugoslavia 15.1 26.5 46.1| 79.5 139,.4 242,2 59.9 60.G 59.8
Turicoy 5.2 14.6 33.6 | 28.6 80.6 185.4)|62.6 63.0 62.8
GLrecco .5 9.3 18.3 | 25.5 52.6 103.5 | 64.5 64.6 64,4
Egypt 3.3 8.4 15.4|20.7 47.0 86.3|71.4 63.9 63.7
Israel 3.0 6.2 10.3} 15,6 32.8 54.1]59.2 60.4 59.8
Knwait 0.9 2.0 4.3} 4.9 10.5 22.6|62.0 59.9 59,8
iraq 0.8 1.7 3.5 4,3 8.9 18.1161.2 59,8 58.9
Ghana 0.8 1.1 1.6| 4,0 5.8 8.4]|56.9 60.2 59.8
Morocco 0.7 1.3 2.5 3.6 6.9 13.1|58.5 60.6 59,7
Nigeria 0.7 1. 3.5| 3.4 7.4 18.1]55.3 60.3 58.9
Alcrria 0.6 1.3 2.7 3.2 6.7 14.2]160.7 58.8 59.9
[.ebanon 0.5 1.0 1,9 2.6 5.1 10.2 | 59.2 s8.2 61.1
Syria 0.5 1.1 2,5 2.4 5.7 13.1 54,6 59.2 59,7
Cameron 0.h 0.7 1.1 2.3 3.7 5.9 165.5 60.3 61.1
AMbania 0.% 0.9 2.2 2.0 .8 11.6 |56.9 60,9 60.0
HUganda 0.4 0.9 2.0 1.9 h.5 10.5 |54.1 57.1 59.8
Tuni:sia 0.% 0.9 2.0 1.9 4.5 10.5 |54.1 57,1 59,8
Zambia 0.3 0.8 1.8f 1.7 3.9 9.5 |64.5 55.7 60.1
Saudi Arabia 0.3 0.8 1.8 1.7 3.9 9.5]|6%4.5 55.8 60.1
Gionerally Plan- Aver.[ 60.3 59,8 60.5
nerl Fconomics
Potand 22.9 37.9 59.7 [120.1 199.0 315.8 [59.7 59.9 59.8
Czecchoslovaliia 15.2 23.2 32.1] 80.0 122.0 169.0 [59.9 60.0 59.9
Romania 14.8 26.3 46.1| 77.8 138.0 242.5 [ 59.8 59.9 59,9
ulgaria 7.8 13.0 21.3| 40.9 68.3 111.7 [59.7 60.0 59.7
Hungary 1 6.6 11,7 20.8| 34.9 61.5 109.4 |60.2 60.0 59.9
Aver. 159.9 60.0 59.8

All Countries Composite Aver. 60.9 60.1 60.4
All Countries Composite Aver.
(1980-1990-2000)= 60.5
GW = gigawatt=103 MW
TWh = terawalt hour=107kWh.

* Information on Forccasted Pcak Demand and Electricity Generation

obtained from pages 16 and 17 "Market Survey for Nuclear Power in
Devedo, ing Countries-197%4 Edition" by International Atomic Energy

Ascncy.data for Load Factors derived from the above peak demand and /U’V{
cnergey 1aformatjon,
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Iwmpact

HUMAN EXVIPONMENT

LAND USE

S0.8 acres of agricultural jand w11 be
converted to heavy industrial lasd

Houseu will be destroyed to accomsiate the
pover plant tacility.

TRANSFORTATION

Incrensed traf{ic, mostly during
conctruction.

Increased barge traf{fic durimg comtructia
and operntion.

HUMAN INTEREST

Noise

Construction and operation activities will
causc substantially more ncf{se tham
prescntl]y exists at the site.

ECONOMY

Empleyment

Creation of a mex. of approx. JOOB pew jole
during construction and ‘ppreximstely 100
during opcraiicn,

Elcctric Power production

300 MW clectricity provided by farflity.

3l

TABLE 4.1-1 (Cort’d)

Sigaificauce cf T—ract

Fas —owu-ded Mizleating Meammres

Crops of beans, toratces, squash, vheat and hay
sre currently growm cn l:-~d.

At least 20 hous<e< and t:z:-ns exist ca the site.

Roaduays are considered rderquate

Yclume of boat trafic s—1ll compated te normal
traffic on Creat Sitter lake.

Neareat population center (Ahu €-1tan) {s approx.

1 km auay. Scavtered dvellings ate aljnacent
to southern doundary.

Long term impact not signiflcant

Load i{s anticipited te ¢~uhle in 7 years.
Exieting facilities {nadrquate feor present
denmand. W§1Y provide prier for pev {ndustries
needed to supply pecds 202 create jots.

Kone Swc-cited

Fa=tltee tlaplazed by the project will be

ce-rensatad Fy the Egyptian Govermment.

Krne S-~gutted

Kone Rez.lved

Ronme Taz:ired

Nere Bag.iced

Kone Wes:ired

T X3NNV
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B10TIC ERVIROMNMENT

TERRESTRIAL

Habitsts for indigenous plants and aninals
will be neutralized

AQUATIC

Economically fmportant {i{sh and shellfish
in Creat Ditter lake potentianlly killed by
therusl plurme

Impingement, entrsnment end entrainment
of oigsnisa in ccoling weter withdrawm
from Grest Bittcr Lake

——
—————r

(S“\

Impingement, entrapment and entrainment of
organisms in freah water withdrawn from Sweet
Hater Cnnal

TABLE &.1-1 (Cent'¢®

“{gnlficonce of I-:rnct

Crops of becans, tewateoes, ¢ :2sh, vheat and hay
wvere evident cn §/26/77.

Variety cof eccn-nically f=peri-at fish and
shellfich are p escnt. Cray ~:1let (Higll
sehali) treeds ‘n shallov rear shore waters

Maseive clogging of fntebe <c-ucture cuuld
clcse down plant. ‘eet crgaclems vithdreavm
«111 be killed. Porulaticus cf econconmically
{mportant fish and shellffch c-uld he destroyed.

Aquatic 1{fe and trash 1= 2%uniant {n canal.
Cculd csuse unnccessary clcgeing of water
treatment system,

Teccmende? Mitignting Measures

Dieplrced anir-:zin can repcpulate
adjcining la-2.

a. Maxirize Z:f7u<inn of thrrmaal plume
by e-pler!-z multiple diechrrpe pcints

b. Locate di«-targe in nen-vitsl orca
c. Lecate ¢ie-harge in dibed aven
d, Ven crrllcz tevers

e. Li-it c~--anrentien of (ree
2.°11a 1~ -alorine 1n dimchnrge
to 2n avezage of N2 mg/l and &
mevtrgn 2 9.5 mg/l and minimize
chlerinzsi~n time.

a. L~cate {~2-'s strurtures vhere
woeneries Ty irportant
~: rofthet live or migrate.

Trpante

b. Deosign {reate atructure cenfipuration
go that ==*ile nqaatle organieme .
can ave!? 't.

= FreviZe max. appreach velactty
te screcn of 0.25 {pe

- ProvtZe through screen v ‘ocity
of 1.73 fpa

- ProviZe tras* rack and provide
gcre:- - =acsh size of 3/8 fnch
te poovent entralnment of large
organiee,

Declgn {ntax: structnre vith a trarh
rack and =<creen a< descrited §n
b above.

-1
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TALE LL-1

FOTINT I8l 3IVIR3T ENVIRTIMENTAL IMTACTS
1S'VLIA

30T Ve TEIFMAL ELFCTRICAL PROJECT
€TIETIAN SLECTIRICITY AUTHORLITY

3tz=1ficance of fmpaczt

PHYSICAL ENVIRCMEINT

~

WATER
Water Csed

App-ox. 200,70 gr= withdcavn fron Creat
Bittrr Lake foc once theough cooling

Approx. 40 gprt vithidcawn [rom Sveei Vater
Canatl for hu=wn, boller makenp and other
fn-;laat uses

Watcr Dischazge

Approx. 200,62 opm salt cooling water
discharged futo Bltter Lake at approx.
max. 32X (98.5F) fin Jduly

Approx. 40 gp» water [ren non-conling
fu-plant uses dizcharged

Ir. Creat Bltter Lake reclicculation of
heated cooliny waier into cooling water
Intake

Rupturad otl storge tanks oc spllls ducing
otl dellvery enuld cvontaalnate Creat Bitter
take

AR

™S so, and NO! emtcatons from burning oll

2

Insig~'7i=1-2 effect on !a¥e Jue to size
= '2=2 bdv 11.5 k= wide; total
voluze 1.4 a1 <=d)

Suffi:'sat w~luze awvallable

Max, 177 (137) xpove Labe teap. at
discherza.

Coull! -» t= '=:3lzed pollution n~f lake with
ofl, :-3-:», 2tesclved and susyend=d sollds
and 4--:2:202 saste. Could tntesf-re with
recre--’. % Suvthing and flishing in area.

Creas'-: -¢ _srm uater <ink {n lave, Decresaed

effici>~zv =€ pauer plant.

01l s;%1i 1~ Lake would ant tealily be Jdispersed.
conld 22311 =arches for cecreaticusl uses and

hae= fiat-2 tedustry.

No iczal alr regulattons will be vlvlated.
Prevatli~z winds hlow cmfaclon over Creat
Salr toevos,

Recormendcd Mitigating Heasures

None Pequired

None Required

Prevent discharg~s to Creat Bitter Lake.
Dischacge all non-cocling wastoustera
{nto percalasten-~vararation laecen.

Develrp rectrculatlen mdel for l.ake and
deslgn and locats [es ke and dlscharge
steuctures ta aofd roctrenbation.

Dikes will Sc bulle ar-ind storage
tanks and dellvery arcas..

Maximlze use of natural gne to miniatre
coissions. '
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ANWEX M

1978
1978
1978
1978

1979
1979
1979
1979

1980
1980
1980
1980

1981
1981
1981
1981

1982
1982
1982

Total Project Capital

PERIOD
1st Q
2nd Q
3rd Q
4th Q
Total 1978
lsﬁ Q
2nd Q
3rd Q
4ch Q
Total 1979
1st Q
2nd Q
3rd Q
4th Q
Total 1980
1st Q
2nd Q
3rd Q
4th Q
Total 1981
1st Q
2nd Q
3rd Q

-Total 1982

Cost

TABLE A
CURRENCY
U.S. DOLLARS EGYPTIAN (L.E.)
395,000 13,000

1,954,000 25,000
2,349,000 38,000
2,070,000 335,000
4,492,000 921,200
10, 440,800 1,807,700
10,060,700 1,905,700
27,063,500 4,969,600
13,465,000 1,077,700
17,332,500 627,500
19,509,000 1,211,100
17,202,000 1,375,100
67,508,500 4,291,400
8,541,200 1,20¢,400
10, 268,000 1,034,500
10,757,000 892,700
5,014,500 828,900
34,580,700 3,956,500
2,145,300 636,300
1,433,000 233,200
1,056,090 -

=—=2.635,300 889,500,

136,136,000 14,125,000

,((
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CASA TION FORECASY - DENMAILIA
1978 (14, 1900 (L1 | 1902
e ah et [ o an [ =4 3cd Y et | 9] e “ e | ot we Potal
avn/maTad Py . s87,000 1,003,800 1,033,700 | 1,316,000 174,300 738,000  1,0%.,000 109, 700 138,000 41,000 38,000 n.aa! 6,381, 000
[XS 348,200 430,000 123,300 3%0,000 133,300 134,800 138,200 4, %00 118,000 84 000 9,300 17,000 2,000,400
MCRANTCN, SUTTRERRT L1 s4s,000 | 848,000 12,064,000 3,092,000 3,492,000 | 3,304,000 46,000 8733000 7,186,000 | 3,303,300 4,016,000 4,043,000 1,163,300 190, 000 513,000 470,000 31,343,000
o Iy e N 4,000 19,000 112,600 108,300 | 219,400 113,100 160, 700 164, 000 08,000 23,700 1,983,900
- souLAme 70,000 308 , 000 498,000 354,000 473,000 73,000 304, 000 93,000 194,000 30,000 3. 908,000
Iz 11,000 8,000 71,000 4,000 94,000 41,000 ©,000 42,000 10,000 357,000
nacTRICA poLIARS 184,000 3,091,000 21,000 154,000  1.931.000 1,631,000 1,437,000 401,000 1,199,000 1,172,000 383,000 114,000 03,000 14,310,000
1.8, 3,700 10,400 9, %00 1,000 %, 000 34,1200 .30 .000 . 30, 000 4,000 2,300 . 300
SeTTCETARD sot2ARS 17,000 93,000 | 1,081,900 02,000 407,000 364,000 700,000 130,000 30, 000 .07, 000
L8, 0,600 91,000 44,800 43,300 37,000 33,700 31,100 4,00 7,000 7,000 #1300
SUFIOTAL-BIEKT QMTS BOLLAZS - s4s,000 | ses.000 2,819,000 6,970,800 ¢.008.700 | 9,262,000 10,934,300 12,439,000 10,619,000 | 4,961,700 ¢, 134000 $.912,000  2,10t,300 713.300 643,000 470,000 | S1La49.000
L.8. - - - 388, 200 13, 700 3,700 489,400 T4, 300 319,100 384,800 462,100 413,900 343100 23, 300 119,900 0,100 - s, 964, Y00
TRDTAKCY COSTS SORLARS 395,000 1,180,000 | 1,136,000 1,673,000 ).484.0C0 3,634.000 | 118,000 6,376,000  7.000.000  ¢.364.000 | 3,339,0%0 4.130.000 4,844,000 2,910,080 [1,432.000  7as.000  3M.000 4, 47, 000
LS. 13,000 13,000 133,000 333,000 873,000 933,000 428, 300 383,000 493,000 90, 300 733,300 408,600 7,000 203, 400 07, 300 - 41 00
TOTAL PIARCT AP sot1Ass 393,000 1,934,000 [2,670.000 4,491,000 10,640.800 10,060,700 |13.443,000 17,131,300 19,309,000 17.102.000 | 8.341.700 10.144.000 10,757,000  3.014.300 | 2,143,900 1,410,000 1,034,800 [ 134,14, 000
TEOKT CETS L 13,000 13,000 03,000 421,200 1,807,700 1,903,700 | 1,077,700 17,500 1,211,100 1,373,100 | 1,100,600 1,004,308 1,00 638,900 636,300 333308 - 111, oo

-~
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ISMAILIA
ECONOMIC RATE OF RETURN
(DOLLARS IN MILLIORS)

COSTS OPERATING NET DISCOUNTED
YEAR CAPITAL ARD MAIRT. TOTAL BENEFITS BENEFITS AT 20%
1977 -5 - oS - 'S - - 2
1978 1.8 - 1.8 - 1.8 - 1.25
1979 31.0 - 31.0 - 31.0 - 17.94
1980 66.0 - 66.0 - 66.0 - 31.83
1981 36.0 13.6 49.6 22.2 27.4 - 11.01
1982 L.7 Lo.9 Ls5.6 66.5 20.9 + 7.0
1983 - Sk.6 sk.6 88.7 34,1 + 9.52
1984 - SL.6 sLk.6 88.7 34,1 + T.93
1985 - sL.6 sL.6 88.7 34,1 + 6.61
1986 - sk, sLk.6 88.7 3k.1 + 5.51
1987 - 5Lk.6 sL.6 88.7 34,1 + L.59
1988 - sk, s4.6 88.7 34,1 + 3.82
1989 - sL.6 sL.6 88.7 3.1 + 3.19
1990 - S5L.6 sk.6 88.7 3L.1 + 2.66
1991 - sk.6 sL.6 88.7 3L.1 + 2.21
1992 - sk, sL.6 88.7 34,1 + 1.8L
1993 - sk.6 sL.6 88.7 34,1 + 1.54
1994 - sL.6 54,6 88.7 34.1 + 1.28
1995 - sk.6 sk.6 88.7 34,1 + 1.07
1996 - sk, 54,6 88.7 3k.1 + .89
1997 - 5L4.6 sL.6 88.7 34,1 + .Th
1998 - sL.6 sL.6 88.7 34,1 + .62
1999 - sk.6 sL.6 88.7 34,1 + .51
2000 - 5L4.6 sL.6 88.7 3k.1 + .43
2001 - sLk.6 sL.6 88.7 34.1 + .36
2002 - sL.6 54.6 88.7 34,1 + .30
2003 - sL.6 sL.6 88.7 34,1 + .25
2004 - 54.6 sL.6 88.7 3k4.1 + .21
2005 - sk, sL.6 88.7 34,1 + 17
REMAINDER + .80

§2%4)

YEANY

0



0=2

Footnotes - Economic Rate of Return

1. Plant life is estimated at 25 years with no salvage value,
2. Capital costs are the unescalated current estimate with
disbursements based on Annex M .

3. Egyptian Pounds have been converted at the parallel market rate

(LE .70 equals US $ 1.00) .

Lk, Plant start-up is based on CDM chart in Annex P.

13
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