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1.

INTRODUCTION
In the context of the Egyptian government’s plans to significantly increase
power generation capacities in the country, Siemens AG, Germany (acting as
EPC and leader of consortia with various local partners being responsible for
civil works), and the Egyptian Armament Authority Forces (acting on behalf of
Egyptian Electricity Holding Company (“EEHC”) have recently concluded
contracts for the supply, installation and commissioning of three combined
cycle power plants (“CCPP”) of 4800 MW each as well as related goods and
services, to be located at (i) Beni Suef, (ii) Burullus, and (iii) New Cairo
(together the “Projects”). The capital expenditure for each of the Projects is
approximately EUR 2 billion.
Commissioning for the Projects is to be reached after 3 years in summer
2018. However, Siemens AG has been requested by EEHC to allow for a
partial operation in open cycle mode from autumn 2017 to summer 2018
across all three Projects; details are still under negotiations.
Deutsche Bank AG, HSBC Bank Middle East Limited and KfW IPEX-Bank
GmbH have been appointed as co-ordinating initial mandated lead arrangers
(the “CIMLAs”) to raise three loan facilities to partially finance the Projects,
each amounting to approximately EUR 1.5 billion (the “Facilities”). Such
Facilities shall be supported by the German ECA Euler Hermes
Aktiengesellschaft on behalf of the German government (“Hermes”) and be
extended to EEHC under a payment guarantee from the Ministry of Finance
of Egypt (the “Guarantor”). The CIMLAs intend to invite further lending banks
(the CIMLAs and such other banks together the “Lenders”) to participate in
the Facilities. Financial closing for the project at Beni Suef is envisaged to be
in September 2015 whilst the timelines for Burullus and New Cairo are still
being discussed: financial closing may be required as early as September
2015 but not later than late October / early November 2015.
AL-AMAR Consulting Group S.A. (AMG), a private consulting firm (Egypt)
was commissioned by the Egyptian Electricity Holding Company (EEHC) /
Mid-Delta Electricity Production Company (MDEPC) to prepare the technical
documents and procedures required by:
1. The national Environmental, Health, Safety and Social (the “EHSS”) laws,
regulations and permits;
2. International Finance Corporation (“IFC”) Performance Standards of
January, 2012 – (“IFC PS”);
3. Applicable World Bank and IFC Environmental, Health and Safety
(“EH&S”) Guidelines;
4. The Equator Principles (June 2013)
concerning the Environmental and Social Assessment of the Burullus
Combined Cycle (BCC) Power Project.
EEHC is seeking financial assistance from the aforementioned / Lending
Institutions for the construction and operation of this 4 (2x400) + 400) MWe,
dual fuel combined cycle power plant. The proposed plant is designated as a
Category A project under IFC/WB rules, a Category 1 project under the
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European Banks, rules and a Category C project under the Egyptian
environmental Regulations and therefore requires a full Environmental and
Social Impact Assessment. Financing from, which are required as
Benchmarking platform for the project, supported by lending Banks:
Deutsche Bank AG, HSBC Bank Middle East Limited, KfW IPEX-Bank GmbH
and other Development Banks is conditional upon obtaining the
environmental clearance from both the Egyptian regulatory authorities and
the International & Regional Banks, i.e. the IFC/WB & other Development
Banks.
1.1

BACKGROUND

1.1.1

The Power Plant
Mid-Delta Electricity Production Company (MDEPC), a company incorporated
in Egypt and affiliated to the Egyptian Electricity Holding Company (EEHC)
proposes to construct and operate a new thermal power plant at a selected
site north of Kafr esh-Sheikh Governorate, which is along the Mediterranean
Sea and about 17.5km west of Burullus Lagoon inlet and 30 km east of
Benchmark Power Plant, under construction. The site is within an existing
piece of land allocated to the Mid-Delta Electricity Production Company
(MDEPC) by the endorsement of the Kafr esh-Sheikh Governorate Executive
Council on 25 November 2014 for the development of the power plant. The
overall proposed site area is approximately 1,050,000 m2.
The proposed power plant will consist of four Combined Cycle Modules, with
a nominal electricity generating capacity of 1200 megawatts (MWe) each,
which will be known as Burullus Power Plant. The overall generating capacity
of the power plant will be 4,800 MWe. The power plant is intended to be
partially operational in open cycle mode by the middle of the year 2017 and
fully operational in combined cycle mode by mid 2018. The power output
from the proposed plant will be sold to the Egyptian Electricity Transmission
Company (EETC).
The power plant will utilize natural gas as its primary fuel, and also have the
capability to operate using sollar (light fuel oil). The ability to "dual-fuel" the
power plant (with natural gas or sollar) will provide security of electricity
supply in the event that gas supplies are unavailable for any reason. In
addition, emergency generators, for the plant safe shut down, operating on
sollar oil (light fuel oil) will also be provided on-site to drive key items of
equipment within the power plant in the event of a power supply failure.

1.1.2

The Proposed Site
The Burullus site is located within a wider open uncultivated uninhabited
piece of land, which is along the southern shoreline of the Mediterranean
Sea, with a shoreline clearance 200m or more, and is located just to the
north along the right side of the Coastal International Regional Highway at a
distance 30 km west of Baltim city, and approximately 200km northwest of
Cairo, and about 100 km east of Alexandria city. On the left side of the
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Coastal International Regional Highway located is a cultivated land ended at
its southern boundary (left side) by the Burullus Lagoon. The overall site area
is approximately 250 feddans (i.e. 1,050,000 m2). Mutubas Industrial Zone
lies around 38 km wes of the site and Salt ponds, followed by military
monitoring points are located to the west of the power plant site. The whole
wide area to the northern edge of the site is the Mediterranean Sea.
The nearest town of importance is Baltime (30 km to the east) and Gamasa
(further east). Towns of importance in the wide vicinity of the power plant site
are Al-Borg, Rashid, Mutubas, Sidi-Salem, Al-Hamoul and Damietta West.
The site entirely consists of approximately flat land, which is owned by the
Mid-Delta Electricity Production Company (MDEPC).
The site of the proposed power plant is shown on Figure 1-1.
1.1.3

Power Generation
The proposed power plant consists of four gas/light oil-fired Combined Cycle
Modules designed for a rated capacity of 1,200 MWe net output each under
ISO conditions. The Gas Turbine contained within this module is designed for
dual firing using natural gas as primary fuel and light fuel oil (sollar) as
backup.
Continuous running time with light fuel oil will not exceed 7 days per annum
and for non continuous operation, running time will not exceed 170 hours per
year. In any event, light fuel oil will only be used if natural gas is unavailable.
The ability to have dual fuel processing secures the supply of electricity from
the plant, in the event that gas supplies are, for any reason, unavailable.

1.1.4

Fuel Supply
Natural gas will be delivered to the power plant via an underground
connection pipeline to the nearest link of the Delta gas pipeline grid. The
connection pipeline will be constructed by GASCo to provide gas
requirements and link the plant with the gas network system in Egypt.
The emergency fuel oil-sollar will be delivered to the power plant from nearest
oil refineries by trucks and stored on site in storage tanks, with a capacity of
45,000m3, each. On-site storage will be provided for sollar in a smaller tank.
These tanks shall be located in the designated part of the proposed site.

1.1.5

Water Supply and Cooling
The power plant will incorporate a wet cooling towers system using water
abstracted from the Mediterranean Sea. The abstracted water will also be
used, following pre-treatment demineralization, to provide process water
make-up in the boiler (HRSG) system. Potable water supplies will be drawn
from the same water supply system of the power plant.
The main demand for water is due to the wet cooling towers system and the
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HRSGs system. Evaporative cooling towers are required, hence there is wet
cooling towers opportunity for water drift or the formation of visible plumes of
water vapor or ground fogging, which will be ameliorated through Good
Engineering Design and Good Engineering Practice. Impacts of brine water
will be mitigated via effluent discharge diffusers to be located at 500m inward
the Mediterranean Sea.
Mediterranean water will be used as cooling water and for process water
following demineralization. Mediterranean water will be pumped through an
intake pipeline buried under the shoreline whilst surplus treated waste water
as per strict requirements of the Law on Environment 4/1994 and its
amended Law 9/2009 and their Executive Regulations will be returned to the
Mediterranean via a discharge pipeline.
Potable Water Connection
Potable water supply to the power plant will mainly be obtained as a
byproduct of water treatment facility within the power plant itself.
Process water will be abstracted from the Mediterranean Sea for power
plant usage and supplied via demineralization facilities for boiler makeup and other processes. Part of this treated water is further purified,
disinfected and processed for human uses, mainly as potable water.
The other alternative for supplying potable water to the power plant is
the potable water network of the Burullus area, particularly the nearest
cities to the power plant. This network distributes water after treatment,
purification and disinfection to domestic uses, including potable water.
But this alternative needs a new pipeline to be extended for a relatively
long distance to reach the power plant. Therefore the first alternative is
the most appropriate one. The power plant will cover, also, potable
water needs of the surrounding facilities.
At any cases, the power plant produces its demand of potable water via
its own water treatment system. No potable water pipelines are
envisaged to be extended particularly for the power plant.
Wastewater Treatment
A wastewater treatment facility on the site will treat liquid wastes and produce
an effluent suitable for discharge into the plantation irrigation system. All oil
waste effluents will be collected into a separate network and sent to an oil
separator, then will be sold to an Petroleum Company.
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1.1.6

Electricity Supply and Transmission
The electricity generated by the proposed Burullus C.C. power plant will be
exported by the EETC electricity network, via the transmission system,
double circuit 500 kV lines. To evacuate the power generated from Burullus
C.C. power plant, it is planned to interconnect the Burullus Power Plant to the
500kV network as follows:
Construct 500 kV double circuit O.H.T.L Burullus West / Abu El-Matamir
(which will be expanded to include 500kV), with a total length 130 km.
Construct 500 kV double circuit O.H.T.L Burullus West / Eitay El-Baroud
(which will be expanded to include 500kV), with a total length 100 km.
Construct 500 kV double circuit O.H.T.L Burullus West / Banha East
(which will be expanded to include 500kV), passing Samannoud
proposed S/S, with a total length of 200km.
Construct 500 kV double circuit O.H.T.L Kafr ez-Zayyat/ Etay El-Baroud,
with a total length of 25 km.
These grid connection transmission line are highlighted in this ESIA
and will have separate ESIA, if required, by the EETC.

1.1.7

Access Roads
The power plant is located along the Coastal International Highway on a
section 30km west of Baltim city. There is an access road already running
through the route Cairo/ Alexandria Desert Highway and Coastal International
Highway to the project site, which is connected to the main road network all
over Egypt.

______________________________________
(*) BPP = Burullus Power Plant.
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Figure 1-1
Location of the Proposed Site
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1.2

ENVIRONMENTAL IMPACT ASSESSMENT OF THE PROJECT

1.2.1

Egyptian Requirement for an Environmental Impact Assessment (ElA)
The “Guidelines for Egyptian Environmental Impact Assessment” published
by the Egyptian Environmental Affairs Agency (EEAA) specify that a "
…thermal power plant falls within the category C projects" (previously:
Category of “Black List Projects”) which, due to their potential and substantial
environmental impacts, must submit a full EIA to the competent administrative
authority (EEHC) and the Licensing Authority (the Governorate of Kafr eshSheikh and the EEAA) in order to obtain permission for development.
According to these requirements, MDEPC submitted their "Burullus Project
4(2x400+400) MWe Combined Cycle Power Plant at Burullus- Arab Republic
of Egypt ESIA" to the designated competent administrative authority (EEHC)
by end of August 2015 and the Environmental Permit has been

issued on ------------------ (Figure 1-2).
1.2.2

This ESIA Report
This Environmental and Social Impact Assessment report (ESlA report) was
prepared by AL-AMAR Consulting Group S.A. (AMG) based on information
provided by the project company and information contained in many baseline
studies outsourced by MDEPC/EEHC/AMG and implemented by specialized
consultants / consulting firms. It presents the findings of an assessment of
the likely environmental and social impacts associated with the construction
and operation of the new power plant and associated cooling water
infrastructure. The ESIA report has been prepared to accompany the
applications for consents from the Egyptian Government and local authorities
to construct and operate the combined cycle power plant. Also, the
IFC/World Bank (as well as other international Lending Agents) statutes and
regulations require the IFC/ World Bank to follow prescribed environmental
procedures when involved with international assistance projects. For this, the
ESIA report has been prepared to accompany the application for financing
too.

1.2.3

Scope of the ESIA
This ESIA covers the main areas that might be affected by the construction
and operation of the proposed power plant. Specifically, this includes
studying environment and social impacts due to and on:
The power plant site, i.e. area within the perimeters of the proposed
site;
Areas immediately bordering and in the vicinity of the proposed site (i.e.
surrounding environment and the community);
Aquatic ecosystems that might be affected (i.e. water supply sea,
including ground water); and
Any other areas that might be affected by the proposed project.
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Figure 1-2
EEAA Environmental Permit
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2.

POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK

2.1

WORLD BANK (WB / IFC) REQUIREMENTS FOR AN ESIA
The World Bank (WB) follows a policy, which stipulates that all operations it
supports are carried out in an environmentally responsible manner and that
projects must comply with all local environmental laws and procedures plus
appropriate World Bank guidelines or, if these have not been specifically
developed, International Corporation (IFC) guidelines.
The World Bank sets out its procedures and policies with regard to
conducting environmental assessments in Operational Policy 4.01:
Environmental Assessment (October 1991) and its updates (1999, 2008) and
other pertinent Guidelines. Annex E of the Policy identifies the process by
which the level of investigation required in the environmental assessment is
determined. It provides an illustrative list of Category “A” developments which
require a full ESIA and includes thermal and hydro power projects.
Accordingly, if World Bank/IFC funding is sought, a full ESIA for the power
plant following World Bank/IFC guidelines must be conducted and submitted
to the World Bank/IFC for consideration as part of any application for funding.

2.1.1

World Bank Environmental Safeguard Policies
World Bank Environmental Safeguard Policies provide 10 potential issues
that may need to be considered in an EA, depending on the specific
characteristics of each project. Table 2-1 summarizes the expected
triggerability of the potential Safeguard Policies for the Burullus Power Plant
Project. The Safeguard Policies identified as “triggerable” are those which
may be triggered and thus considered “Requiring Management”. When the
detailed design of the Burullus Power Plant has been determined, the
MDEPC should prepare project-specific plans to manage these potential
impacts.
No safeguard policies were triggered except for the Environmental Impact
Assessment. Table 2-1 shows potential World Bank environmental Safeguard
Policies and Burullus project triggerability. The table justifies the triggerability
or lack thereof for WB Safeguard Policies.
Annex B to Operational Policy 4.01 provides an outline of the information that
should be included in a full EA. This Environmental and Social Impact
Assessment follows the scope of Annex B.
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2.1.2

World Bank (WB/IFC) Environmental Impact Assessment Guidelines
The proposed combined cycle power plant is designated as a Category A
project by the WB which means that a full ESIA of the plant is required. WB
policy and guidelines have been used for the assessment of impacts in this
ESIA report.
The World Bank’s new guidelines of December 19, 2008 for the thermal
power generation that outlines emission and discharge standards
provides with maximum atmospheric emission guidelines for new
source in both cases of gas and oil firing (Table 2-5 below).
The World Bank’s/IFC's Pollution Prevention and Abatement Handbook-Part
III (July 1998), also provides with principles of industrial pollution
management, monitoring and air emission & effluent discharge requirements
presented in the industry Guidelines including Guidelines for New Thermal
Power Plants.
The following World Bank/IFC publications have been used for guidance in
this ESIA:
Guidelines for carrying out environmental and social studies of the
project.
Guidance Note A: Checklist for potential issues for an Environmental
Impact Study (EIS).
Guidance Note B: Content of the Environmental Impact Study.
Guidance Note C: Preparing and Updating Environmental Management
and Mitigation Plan (EMP).
Guidance Note F: Preparing the Public Consultation and Disclosure Plan.
Guidance Note B (Content of an Environmental Impact Assessment) in the
World Bank’s Procedure for Environmental and Social Review of Projects
(December 1998) –and its updates up to 2008- summarises the scope of the
ESIA as follows:
“An environmental impact assessment report for a Category A project
identifies and assesses the potential environmental and social impacts of the
projects, evaluates alternatives, and recommends appropriate mitigation,
management and monitoring measures. The report’s scope and level of detail
should be commensurate with the project’s potential impacts”.
World Bank/IFC sector-specific guidelines for thermal power plants present
maximum emission levels for thermal power plants and cover issues such as
liquid effluents, ambient and workplace air quality, stack emissions, ambient
and workplace noise, solid and liquid wastes, general health and safety, and
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general environmental requirements. The guidelines emphasise the use of
cleaner fuels wherever economically feasible and focus on the operational
performance of controls as well as their design standards.
2.1.3

Public Consultation Process
Public consultation and disclosure for the Burullus Power Project, as
presented in Section 9 of this report, has been designed in accordance with
World Bank/IFC policy and guidelines shown below:
Guidance for the Preparation of a Public Consultation and Disclosure Plan
(January 1996);
World Bank Policy on Disclosure of Information (1997);
Doing Better Business Through Effective Public Consultation and
Disclosure, A Good Practice Manual (IFC, October 1998);
Procedure for Environmental and Social Review of Projects (December
1998); and
Public Consultation in the EA Process: A Strategic Approach. World Bank
Sourcebook Update, May 1999.
Under the public consultation process required for Category A projects, the
Project sponsor is required to consult with the public at least twice; once
during preparation of the Terms of Reference (ToR) for the ESIA (Scoping),
and also after the draft ESIA has been prepared and submitted for public
open review. The World Bank requires that a Public Consultation and
Disclosure Plan (PCDP) be prepared, setting out the basis of consultation
activities during and after the ESIA, together with a schedule for the
disclosure of information. The PCDP for this project is included in Chapter 9
of this report.
Other international banks and financing institutions, particularly Deutsche
Bank AG, HSBC Bank Middle East Limited and KfW IPEX-Bank GmbH, also
follow a similar approach and use the World Bank guidelines, the IFC
Performance Standards, and the Equator Principles as a benchmark for the
environmental assessment of international power projects prior to provision of
finance. Hence, an ESIA of similar scope is likely to be required to obtain
commercial funding for the power plant from international institutions.
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Table 2-1
Potential World Bank Environmental Safeguard Policies
and the New Burullus Power Project Triggerability
No. Safeguard
Policy

Applicability to
Burullus Power
Project

Policy
Triggered?

Yes

Yes

1. Environmental
Assessment

Justification
This policy applies to all projects requiring a Category A
Environmental Assessment Under OP 4.01.
All environmental and Social aspects included in the New
Burullus project are adequately examined.
New Burullus project is not likely to have significant potential
(reverse) environmental risks & impacts in its area of influence
(impacts on the natural environment: air, water & land; human
health & safety; physical cultural resources; and
transboundary and global environment concerns).

2. Forest

No

No

No forest areas exist.

3. Involuntary
Resettlement

Yes

Yes

This policy applies to all projects triggering OP 4.12
No relocation or loss of shelters.
No loss of assets or access to assets.
No loss of income sources or means of livelihood.
All activities related to the construction of the new plant will
take place within on MDEPC land either on the site or on land
directly adjacent to the site. i.e. no land acquisition. Not even
temporary acquisition will result from the construction.
Experience from a number of similar power plants along the
shoreline of the Mediterranean waters has shown that the
impacts on fisheries of the discharge of warm water into the
Mediterranean waters have been positive. Consultations with
the fishermen support this assertion. Impacts will be positive
rather than negative, i.e. no loss of livelihood.
Transmission lines which will evacuate power generated by
the Burullus Powerplant will be extended as follows:
o Construct 500 kV double circuit O.H.T.L Burullus West/
Abu El-Matamir (which will be expanded to include
500kV), with a total length 130 km.
o Construct 500 kV double circuit O.H.T.L Burullus West /
Eitay El-Baroud (which will be expanded to include
500kV), with a total length 100 km.
o Construct 500 kV double circuit O.H.T.L Burullus West/
Banha East (which will be expanded to include 500kV),
passing Samannoud proposed S/S, with a total length of
200km.
o Construct 500 kV double circuit O.H.T.L Kafr ez-Zayyat/
Etay El-Baroud, with a total length of 25 km.
Most of new transmission lines will be extended in a green
cultivated land. No resettlement will be associated to the
power interconnecting lines, only very limited land take for the
tower's feet, which will be fairly compensated.
When required, a Resettlement Policy Framework (RPF) will
be prepared in order to handle any potential future changes.
Gas pipelines will be buried underground with no land take
and fair compensation to any losses during excavation and
land filling processes.
If required, a separate RPF will be prepared by GASCo in
order to handle any potential future changes (GASCo is
responsible for preparing separate ESIA for the gas
pipelines).

(*) BPP= Burullus Power Plant.
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Table 2-1 (Contd.)
Potential World Bank Environmental Safeguard Policies
and the New Burullus Power Project Triggerability
Applicability to
Burullus Power
Project

Policy
Triggered?

4. Indigenous
Peoples

No

No

The project does not affect the indigenous peoples in the
project area.

5. Safety of Dams

No

No

The project does not involve construction of a large dam.

No. Safeguard
Policy

Justification

The project is not dependent upon an existing dam.

6. Pest management

No

No

7. Physical Cultural
Resources

No

No

8. Natural Habitats

No

Procurement of pesticides
equipment is not envisaged.

or

pesticide

application

Physical cultural resources are adequately examined.
The Burullus project is not likely to have any significant
impact on physical cultural resources.

No

Natural Habitats are adequately addressed and examined.
The Burullus project is not likely to have any significant
impacts on natural habitats.

9. Projects in
Disputed Areas

No

No

The MDEPC/EEHC is not involved in any disputes over an
area with any of its neighbors.
The project is not situated in a disputed area.
Any component likely to be financed as part of the project is
not situated in a disputed area.

10. Projects on
International
Waterways

Yes

Yes

The impact of the project on the Mediterranean Sea, which is an
international waterway, as per the Bank’s policy on projects on
international waterways (Operational Policy 7.50) is addressed in
the following topics:
Type of cooling system.
Source of water abstraction (surface water and ground
water).
Pre-treatment of abstracted water before use inside the
plant.
Water requirement per day for - (i) industrial cooling; (ii)
processing or cleaning; and (iii) for domestic consumption
by facility staff.
Water discharge per day from - (i) cooling/heating system,
blow downs; (ii) storm water; and (iii) from use in toilets;
floor cleaning, colony etc.
Point of discharge of water from power plant - directly into
the water body.
Amount of discharged water from power plant - (i) untreated
directly into water body and (ii) treated directly into the
Mediterranean Sea.
Average seasonal flow of water in the river water cum/hr
(seasonal variation - minimum and maximum).
Average characteristics of water in the river (pH, total
dissolved solids; suspended solids; chloride; sulfate and
metals).
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Table 2-1 (Contd.)
Potential World Bank Environmental Safeguard Policies
and the New Burullus Power Project Triggerability
No. Safeguard
Policy

Applicability
to Burullus
project

Policy
Triggered?

Justification
Average anticipated characteristics of discharge from (i)
cooling system and (ii) from colony and nonindustrial/process facility.
Information on mixing zones at the point.
Information about presence of fishes and other aquatic
species in the Mediterranean Sea including fish catch etc.
Distinguishment between the consumptive use of water
(abstracted water that is not returned back to the source of
abstraction) and non-consumptive use (abstracted water
that is returned back to the source of abstraction.
Main answers of the above topics are given in the ESIA Report
per One module (2x400+400 MW ) Cooling Tower System as
follows:
Service water(1): 2,646.0m3/hr
(29% consumed(2)= 774 m3/hr and 71%
recycled(3) = 1,872 m3 /hr)
Boiler make – up water : 2 m3/hr [average value can be
exceeded during start-up/shut-down]
(60% consumed= 1.2 m3/h and 40% recycled= 0.8 m3/h)
Cooling water : 47,556 m3/hr (Closed Cooling Circuit)
[Make-up and Discharge are included in Service Water]
Total water usage : 2,666 m3/hr
(consumed = 793 m3/hr, recycled = 1,873 m3/hr )
Cooling water abstracted from the Mediterranean Sea
(0.520m3/sec. per module, i.e. 1,873 m3 /hr.). Actual water
consumption is around 30% of the abstracted water.
Water treated directly into water body (1,873 m3 /hr) [All
effluents within EEAA/WB limits. Is understood as water
which will be treated in the power plant and given back to
the Mediterranean Sea].
No disturbance to the Mediterranean flow is expected either
upstream or downstream.
Hydrological/hydraulic study is carried out and the study
revealed that no impact is expected and the temperature rise
of the discharge water at the point of discharge is limited to
+7oC and the mixing zone is limited to 50-70m distance
with 5oC above ambient, which is diluted to 3o C at a
distance between 100 and 150 m with full compliance with
Egyptian Law 4/1994 & Law 9/2009& their Executive
Regulations, including their updates and WB regulations.
Max. Mediterranean temperature +29 °C, i.e. max discharge
water temp. +35 °C.
Max. allowable temp. increase above ambient 10°C and the
max total temp. of the sea water is 38 °C.
MW RI is in full agreement with EEHC regarding its plan for
water abstraction.

Notes:
(1) "Service W ater" includes water for utilities (toilets; floor cleaning; sanitary)
(2) Consumption = predominantly consumptive use.
(3) Recycling = predominantly non-consumptive use; returned to the original source.
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2.2

IFC PERFORMANCE STANDARDS ON ENVIRONMENTAL AND SOCIAL
SUSTAINABILITY
IFC’s Sustainability Framework articulates the Corporation’s strategic
commitment to sustainable development, and is an integral part of IFC’s
approach to risk management. e Sustainability Framework comprises IFC’s
Policy and Performance Standards on Environmental and Social
Sustainability, and IFC’s Access to Information Policy. The Policy on
Environmental and Social Sustainability describes IFC’s commitments, roles,
and responsibilities related to environmental and social sustainability. IFC’s
Access to Information Policy reflects IFC’s commitment to transparency and
good governance on its operations, and outlines the Corporation’s
institutional disclosure obligations regarding its investment and advisory
services. e Performance Standards are directed towards clients, providing
guidance on how to identify risks and impacts, and are designed to help
avoid, mitigate, and manage risks and impacts as a way of doing business in
a sustainable way, including stakeholder engagement and disclosure
obligations of the client in relation to project-level activities. In the case of its
direct investments (including project and corporate finance provided through
financial intermediaries), IFC requires its clients to apply the Performance
Standards to manage environmental and social risks and impacts so that
development opportunities are enhanced. IFC uses the Sustainability
Framework along with other strategies, policies, and initiatives to direct the
business activities of the Corporation in order to achieve its overall
development objectives. The Performance Standards may also be applied by
other financial institutions.
Together, the eight Performance Standards establish standards that the
client1 is to meet throughout the life of an investment by IFC:
Performance Standard 1: Assessment and Management of Environmental
and Social Risks and Impacts.
Performance Standard 2: Labor and Working Conditions
Performance Standard 3: Resource Efficiency and Pollution Prevention
Performance Standard 4: Community Health, Safety, and Security
Performance Standard 5: Land Acquisition and Involuntary Resettlement
Performance Standard 6: Biodiversity Conservation and Sustainable
Management of Living Natural Resources
Performance Standard 7: Indigenous Peoples
Performance Standard 8: Cultural Heritage

1

The term “client” is used throughout the Performance Standards broadly to refer to the party responsible for
implementing and operating the project that is being financed, or the recipient of the financing, depending on
the project structure and type of financing. The term “project” is defined in Performance Standard
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Performance Standard 1 establishes the importance of (i) integrated
assessment to identify the environmental and social impacts, risks, and
opportunities of projects; (ii) effective community engagement through
disclosure of project-related information and consultation with local
communities on matters that directly affect them; and (iii) the client’s
management of environmental and social performance throughout the life of
the project. Performance Standards 2 through 8 establish objectives and
requirements to avoid, minimize, and where residual impacts remain, to
compensate/offset for risks and impacts to workers, Affected Communities,
and the environment. While all relevant environmental and social risks and
potential impacts should be considered as part of the assessment,
Performance Standards 2 through 8 describe potential environmental and
social risks and impacts that require particular attention. Where
environmental or social risks and impacts are identified, the client is required
to manage them through its Environmental and Social Management System
(ESMS) consistent with Performance Standard 1.
Performance Standard 1 applies to all projects that have environmental and
social risks and impacts. Depending on project circumstances, other
Performance Standards may apply as well. The Performance Standards
should be read together and cross-referenced as needed. The requirements
section of each Performance Standard applies to all activities financed under
the project, unless otherwise noted in the specific limitations described in
each paragraph. Clients are encouraged to apply the ESMS developed under
Performance Standard 1 to all their project activities, regardless of financing
source. A number of cross-cutting topics such as climate change, gender,
human rights, and water, are addressed across multiple Performance
Standards.
In addition to meeting the requirements under the Performance Standards,
clients must comply with applicable national law, including those laws
implementing host country obligations under international law.
The World Bank Group Environmental, Health and Safety Guidelines (EHS
Guidelines) are technical reference documents with general and industryspecific examples of good international industry practice. IFC uses the EHS
Guidelines as a technical source of information during project appraisal. The
EHS Guidelines contain the performance levels and measures that are
normally acceptable to IFC, and that are generally considered to be
achievable in new facilities at reasonable costs by existing technology. For
IFC-financed projects, application of the EHS Guidelines to existing facilities
may involve the establishment of site-specific targets with an appropriate
timetable for achieving them. The environmental assessment process may
recommend alternative (higher or lower) levels or measures, which, if
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acceptable to IFC, become project- or site-specific requirements. The
General EHS Guideline contains information on cross-cutting environmental,
health, and safety issues potentially applicable to all industry sectors. It
should be used together with the relevant industry sector guideline(s). The
EHS Guidelines may be occasionally updated.
When host country regulations differ from the levels and measures presented
in the EHS Guidelines, projects are expected to achieve whichever is more
stringent. If less stringent levels or measures are appropriate in view of
specific project circumstances, a full and detailed justification for any
proposed alternatives is needed as part of the site-specific environmental
assessment. This justification should demonstrate that the choice for any
alternative performance level is protective of human health and the
environment.
A set of eight Guidance Notes, corresponding to each Performance
Standard, and an additional Interpretation Note on Financial Intermediaries
offer guidance on the requirements contained in the Performance Standards,
including reference materials, and on good sustainability practices to help
clients improve project performance. These Guidance/Interpretation Notes
may be occasionally updated.
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2.3

EQUATOR PRINCIPLES
Large infrastructure and industrial Projects can have adverse impacts on
people and on the environment. Financiers and Advisors, we work in
partnership with clients to identify, assess and manage environmental and
social risks and impacts in a structured way, on an ongoing basis. Such
collaboration promotes sustainable environmental and social performance
and can lead to improved financial, environmental and social outcomes.
The Equator Principles Financial Institutions (EPFIs) have adopted the
Equator Principles in order to ensure that the Projects they finance and
advise on are developed in a manner that is socially responsible and reflects
sound environmental management practices. They recognise the importance
of climate change, biodiversity, and human rights, and believe negative
impacts on project-affected ecosystems, communities, and the climate
should be avoided where possible. If these impacts are unavoidable they
should be minimised, mitigated, and/or offset.
Adoption of and adherence to the Equator Principles offers significant
benefits to financiers and advisors, clients, and local stakeholders through
clients’ engagement with locally Affected Communities. Therefore the role of
financiers affords opportunities to promote responsible environmental
stewardship and socially responsible development, including fulfilling
responsibility to respect human rights by undertaking due diligence 1 in
accordance with the Equator Principles.
The Equator Principles are intended to serve as a common baseline and
framework. As referenced in the “Guiding Principles on Business and Human
Rights: Implementing the United Nations ‘Protect, Respect and Remedy’
Framework”.
SCOPE
The Equator Principles apply globally and to all industry sectors.
The Equator Principles apply to the four financial products described below
when supporting a new Project:
1. Project Finance Advisory Services where total Project capital costs are
US$10 million or more.
2. Project Finance with total Project capital costs of US$10 million or more.
3. Project-Related Corporate Loans2 (including Export Finance in the form
of Buyer Credit) where all four of the following criteria are met:
i.

2

The majority of the loan is related to a single Project over which the
client has Effective Operational Control (either direct or indirect).

Project-Related Corporate Loans exclude Export Finance in the form of Supplier Credit (as the client has no Effective Operational
Control). Furthermore, Project-Related Corporate Loans exclude other financial instruments that do not finance an underlying
Project, such as Asset Finance, acquisition finance, hedging, leasing, letters of credit, general corporate purposes loans, and
general working capital expenditures loans used to maintain a company’s operations.
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ii.

The total aggregate loan amount is at least US$100 million.

iii.

The EPFI’s individual commitment (before syndication or sell down)
is at least US$ 50 million.

iv.

The loan tenor is at least two years.

4. Bridge Loans with a tenor of less than two years that are intended to be
refinanced by Project Finance or a Project-Related Corporate Loan that is
anticipated to meet the relevant criteria described above.
While the Equator Principles are not intended to be applied retroactively, the
EPFI will apply them to the expansion or upgrade of an existing Project
where changes in scale or scope may create significant environmental and
social risks and impacts, or significantly change the nature or degree of an
existing impact.
APPROACH

Project Finance and Project-Related Corporate Loans
The Equator Principles Financial Institution (EPFI) will only provide Project
Finance and Project-Related Corporate Loans to Projects that meet the
requirements of Principles 1-10.
Project Finance Advisory Services and Bridge Loans
Where the EPFI is providing Project Finance Advisory Services or a Bridge
Loan, the EPFI will make the client aware of the content, application and
benefits of applying the Equator Principles to the anticipated Project. The
EPFI will request that the client communicates to the EPFI its intention to
adhere to the requirements of the Equator Principles when subsequently
seeking long term financing. The EPFI will guide and support the client
through the steps leading to the application of the Equator Principles.
For Bridge Loans categorised A or B (as defined in Principle 1) the following
requirements, where relevant, apply. Where the Project is in the feasibility
phase and no impacts are expected during the tenor of the loan, the EPFI will
confirm that the client will undertake an Environmental and Social
Assessment (Assessment) process. Where Environmental and Social
Assessment Documentation (Assessment Documentation) has been
prepared and Project development is expected to begin during the tenor of
the loan, the EPFI will, where appropriate, work with the client to identify an
Independent Environmental and Social Consultant and develop a scope of
work to commence an Independent Review (as defined in Principle 7).
Information Sharing
Recognising business confidentiality and applicable laws and regulations,
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Mandated EPFIs will share, when appropriate, relevant environmental and
social information with other Mandated Financial Institutions, strictly for the
purpose of achieving consistent application of the Equator Principles. Such
information sharing shall not relate to any competitively sensitive information.
Any decision as to whether, and on what terms, to provide financial services
(as defined in the Scope) will be for each EPFI to make separately and in
accordance with its risk management policies. Timing constraints may lead
EPFIs considering a transaction to seek authorisation from their clients to
start such information sharing before all other financial institutions are
formally mandated. EPFIs expect clients to provide such authorisation.
STATEMENT OF PRINCIPLES
Principle 1: Review and Categorisation
When a Project is proposed for financing, the EPFI will, as part of its internal
environmental and social review and due diligence, categorise it based on
the magnitude of its potential environmental and social risks and impacts.
Such screening is based on the environmental and social categorization
process of the International Finance Corporation (IFC).
Using categorisation, the EPFI’s environmental and social due diligence is
commensurate with the nature, scale and stage of the Project, and with the
level of environmental and social risks and impacts.
The categories are:
Category A– Projects with potential significant adverse environmental and
social risks and/or impacts that are diverse, irreversible or unprecedented;
Category B – Projects with potential limited adverse environmental and
social risks and/or impacts that are few in number, generally site-specific,
largely reversible and readily addressed through mitigation measures; and
Category C – Projects with minimal or no adverse environmental and social
risks and/or impacts.
Principle 2: Environmental and Social Assessment
For all Category A and Category B Projects, the EPFI will require the client to
conduct an Assessment process to address, to the EPFI’s satisfaction, the
relevant environmental and social risks and impacts of the proposed Project
(which may include the illustrative list of issues found in Exhibit II). The
Assessment Documentation should propose measures to minimise, mitigate,
and offset adverse impacts in a manner relevant and appropriate to the
nature and scale of the proposed Project.
Principle 3: Applicable Environmental and Social Standards
The Assessment process should, in the first instance, address compliance
with relevant host country laws, regulations and permits that pertain to
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environmental and social issues.
EPFIs operate in diverse markets: some with robust environmental and social
governance, legislation systems and institutional capacity designed to protect
their people and the natural environment; and some with evolving technical
and institutional capacity to manage environmental and social issues.
The EPFI will require that the Assessment process evaluates compliance
with the applicable standards.
Principle 4: Environmental and Social Management System and Equator
Principles Action Plan
For all Category A and Category B Projects, the EPFI will require the client to
develop or maintain an Environmental and Social Management System
(ESMS).
Further, an Environmental and Social Management Plan (ESMP) will be
prepared by the client to address issues raised in the Assessment process
and incorporate actions required to comply with the applicable standards.
Where the applicable standards are not met to the EPFI’s satisfaction, the
client and the EPFI will agree an Equator Principles Action Plan (AP). The
Equator Principles AP is intended to outline gaps and commitments to meet
EPFI requirements in line with the applicable standards.
Principle 5: Stakeholder Engagement
For all Category A and Category B Projects, the EPFI will require the client to
demonstrate effective Stakeholder Engagement as an ongoing process in a
structured and culturally appropriate manner with Affected Communities and,
where relevant, Other Stakeholders. For Projects with potentially significant
adverse impacts on Affected Communities, the client will conduct an
Informed Consultation and Participation process. The client will tailor its
consultation process to: the risks and impacts of the Project; the Project’s
phase of development; the language preferences of the Affected
Communities; their decision-making processes; and the needs of
disadvantaged and vulnerable groups. This process should be free from
external manipulation, interference, coercion and intimidation.
Principle 6: Grievance Mechanism
For all Category A and, as appropriate, Category B Projects, the EPFI will
require the client, as part of the ESMS, to establish a grievance mechanism
designed to receive and facilitate resolution of concerns and grievances
about the Project’s environmental and social performance.
The grievance mechanism is required to be scaled to the risks and impacts of
the Project and have Affected Communities as its primary user.
Principle 7: Independent Review
For all Category A and, as appropriate, Category B Projects, an Independent
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Environmental and Social Consultant, not directly associated with the client,
will carry out an Independent Review of the Assessment Documentation
including the ESMPs, the ESMS, and the Stakeholder Engagement process
documentation in order to assist the EPFI's due diligence, and assess
Equator Principles compliance.
An Independent Review by an Independent Environmental and Social
Consultant is required for Projects with potential high risk impacts including,
but not limited to, any of the following:
adverse impacts on indigenous peoples
Critical Habitat impacts
significant cultural heritage impacts
large-scale resettlement
Principle 8: Covenants
An important strength of the Equator Principles is the incorporation of
covenants linked to compliance.
For all Projects, the client will covenant in the financing documentation to
comply with all relevant host country environmental and social laws,
regulations and permits in all material respects.
Furthermore for all Category A and Category B Projects, the client will
covenant the financial documentation:
a) to comply with the ESMPs and Equator Principles AP (where applicable)
during the construction and operation of the Project in all material
respects; and
b) to provide periodic reports in a format agreed with the EPFI.
Principle 9: Independent Monitoring and Reporting
To assess Project compliance with the Equator Principles and ensure
ongoing monitoring and reporting after Financial Close and over the life of
the loan, the EPFI will, for all Category A and, as appropriate, Category B
Projects, require the appointment of an Independent Environmental and
Social Consultant, or require that the client retain qualified and experienced
external experts to verify its monitoring information which would be shared
with the EPFI.
Principle 10: Reporting and Transparency
For all Category A and, as appropriate, Category B Projects:
The client will ensure that, at a minimum, a summary of the ESIA is
accessible and available online.
The client will publicly report GHG emission levels (combined Scope 1
and Scope 2 Emissions) during the operational phase for Projects
emitting over 100,000 tonnes of CO2 equivalent annually. Refer to Annex
A for detailed requirements on GHG emissions reporting.
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The EPFI will report publicly, at least annually, on transactions that have
reached Financial Close and on its Equator Principles implementation
processes and experience, taking into account appropriate confidentiality
considerations. The EPFI will report according to the minimum reporting
requirements detailed in Annex B of the Equator Principles.

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 2- Page 15 of 48

2.4

EUROPEAN UNION (EU) REQUIREMENTS FOR AN ESIA
The approach of the EUROPEAN UNION (EU) Environmental Policy is
based on the environmental principles enshrined in the Treaty establishing
the European Community and the standards and practices incorporated in
European Union (EU) secondary legislation on the environment. Beyond the
EU-27 and the Candidate and potential Candidate countries(3), the
environmental standards of the Bank are also subject to local conditions. EU
environmental principles, practices and standards are described and
explained in a large body of EU law and other official documents, notably the
6th Environmental Action Program (6EAP)(4) and its Thematic Strategies(5),
as well as - for activities outside the EU - by the mandates of the Bank. The
Board of Directors approved the latest Bank environmental policy in the
“Environmental Statement 2004” (the Environmental Statement). The same
principles, practices and standards are the foundation for the “European
Principles for the Environment” (EPE)(6).
The Environmental Impact Assessment (ESIA) is the term used to describe a
formalised process, including public consultation, in which all the relevant
environmental consequences of a project are identified and assessed before
authorisation is given. In the EU, if an ESIA is required, the ESIA is governed
by ESIA Directive 85/337/EEC, amended by Directives 97/11/EC and
2003/35/EC.
The Environmental Impact Study is the written report resulting from the ESIA
process. This is a document or documents containing the Environmental
Information required under Article 5 of Directive 85/337/EEC as amended by
Directives 97/11/EC and 2003/35/EC.
Also, The EIB applies a number of core environmental and social safeguard
measures that reflect international good practice to all its lending activities. It
requires that all its projects:
Apply the European Principles for the Environment, i.e. comply with EU
environmental principles, standards and practices, subject to local
conditions in some regions(7).
Comply with the EU environmental Acquits on environmental
assessment.
Apply “best available techniques”, as appropriate.

(1)
(1)
(2)
(3)
(4)

Definitions as at June 2007: Candidate: Croatia, Turkey, Former Yugoslav Republic of Macedonia (FYROM); potential
Candidate: other Western Balkan countries.
“Environment 2010: Our future, Our Choice” - The Sixth Environmental Action Program, COM/2001/0031.
There are 7 approved Thematic Strategies, for air, waste, marine, soil, pesticides, resource use and the urban environment.
Link http://ec.europa.eu/environment/newprg/index.htm.
Link to the “European Principles for the Environment”, www.eib.org/epe.
The regional coverage of the European Principles for the Environment concerns at least the respective regions of operations of
each signatory institution. For projects located in the Member States of the EU, the European Economic Area countries, the EU
Candidate and potential Candidate countries, the EU approach, which is defined in the EC Treaty and the relevant secondary
legislation, is the logical, uncontested and mandatory reference. The projects in this region should also comply with any
obligation and standards upheld in relevant Multilateral Environmental Agreements, such as Convention on Biological Diversity,
the Espoo Convention, United Nations Framework Convention on Climate Change, etc. In all other countries, projects financed
by the signatories should comply with the appropriate EU environmental principles, practices and standards, subject to local
conditions, such as affordability, local environmental conditions, international good practice etc.
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Apply good environmental management practices during project
implementation and operation.
Adhere to other specific international good environmental and social
practices.
The EIB requires that all projects (irrespective of location) likely to have a
significant effect on the environment be subject to an ESIA, according to the
definitions and requirements of Directive 85/337/EEC, amended by Directive
97/11/EC and 2003/35/EC. Annex I of the Directive lists the types of project
for which an ESIA is mandatory and Annex II the types of project for which
the need to carry out an ESIA is decided by the Competent Authorities. The
ESIA, which includes public consultation, is the responsibility of the Promoter
and the Competent Authorities. It should be completed and its findings and
recommendations should satisfy the requirements of the Bank prior to
disbursement.
In all other regions, all projects should comply with national law; and
benchmarked against the principles, standards and practices of EU
environmental law14.
All projects should also comply with the obligations of relevant multilateral
environmental agreements to which the host country - and the EU in the
case of a Member State - is a party.
The Promoter is responsible for legal compliance whereas regulatory and
enforcement tasks lie with the Competent Authorities.
The project Promoter is required to respect the requirements of the EU ESIA
Directive 85/337/EEC, amended by Directives 97/11/EC and 2003/35/E.
According to the sector, projects should comply with the relevant EU legal
standards, for instance those of the Large Combustion Plant Directive(8) in
the power generation sector and the Integrated Prevention Pollution and
Control Directive(9) in the industry sector.
All projects listed in Annex I of the ESIA Directive 85/337/EEC, amended by
Directives 97/11/EC and 2003/35/EC are Categorized (A) and require Full
ESIA.
Category A Project is defined as " a Project Completion Report will be
required from the Promoter to the Bank. Monitoring for these projects is in
general delegated to promoters and the Bank will rely on the Promoter’s
information for its own reporting on environmental matters".
Annex I of the EU ESIA Directive 85/337/EEC amended by 97/11/EC
stipulates that thermal power stations and other combustion installations with
a heat output of 300 megawatts or more are of Category (A), which need Full
ESIA.
(1)
(2)

Link to Large Combustion Plant Directive: http://europa.eu/scadplus/leg/en/lvb/l28028.htm.
Link to Integrated Prevention Pollution and Control Directive: http://ec.europa.eu/environment/ippc/.
http://ec.europa.eu/environment/ESIA/.
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The EIB Bank aims in its Environmental Assessment of projects outside the
EU to promote public consultation and participation, according to EU
standards, through appropriate discussions with the Promoter and other
parties. Consultation is defined as a tool for managing culturally appropriate
two-way communications between project sponsors and the public. Its goal is
to improve decisionmaking and build understanding, by actively involving
individuals, groups, and organizations with a stake in the project. This
involvement increases a project’s long-term viability and enhances its
benefits to locally affected people and other stakeholders.
EIB policy towards ESIA is summarised in its Environmental Statement 2004.
The Bank applies the principles and practices of the EU ESIA Directive
(85/337, amended by 97/11 and by 2003/35/EC to incorporate the provisions
of the Aarhus Convention, and since its introduction in July 2004, the
MEDITERRANEAN Directive (2001/42) - to all its regions of operation. The
ESIA Directive includes screening criteria, for purposes of determining the
need for an ESIA.
According to the EU ESIA Directive, it is the responsibility of the host country
and its Competent Authorities to ensure that the "public concerned" are
informed and consulted on the proposed project (Articles 6 and 9). Bank staff
as part of their environmental assessment check that these requirements
have been fulfilled. Their findings are contained in the PJ Appraisal Report
(Environmental Assessment D1) submitted to the CD.

2.5

APPLICABLE LOCAL LAWS AND REGULATIONS OF
THE GOVERNMENT OF EGYPT

2.5.1

Egyptian Requirements for an ESIA
The development of a new power plant can only commence if a permit has
been granted by the appropriate Competent Administrative Authority (CAA).
Egyptian Law 4 of 1994, and its amending Law 9 of 2009, Law for the
Environment (hereafter referred to as Law 4/1994) stipulates that applications
for a license from an individual, company, organization or authority, subject to
certain conditions, require an assessment of the likely environmental impacts.
The Egyptian Environmental Affairs Agency (EEAA) is the authority
responsible for determining the type of development that requires an
environmental appraisal and the level of detail at which the study should be
conducted. The EEAA publication “Guidelines for Egyptian Environmental
Impact Assessment” stipulate that “..... thermal power plant falls within the
category of “C Listed Projects”. This category requires a full ESIA to be
submitted to the Competent Administrative Authority (CAA) (i.e. the Egyptian
Electricity Holding Company (EEHC) for this type of projects) or the Licensing
Authority (which, for such type of project in the designated area, is the Kafr
esh-Sheikh Governorate) in support of any application for a permit to develop
a power plant). The ESIA must analyze the impacts and specify what
mitigation measures (if any) are necessary in order to minimize them.
Since the proposed power plant has a nominal generating capacity of
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4,800MWe, a full ESIA must be prepared and submitted to the Kafr eshSheikh Governorate and EEHC for consideration prior to development of the
plant. The Governorate is, also, required to forward the ESIA to the EEAA for
review in order to obtain the environmental permit for the development of the
power plant. The EEAA must provide the EEHC (the Competent
Administrative Authority) with its opinion concerning the assessment within 30
days of its receipt. The EEHC will then communicate this result to the owner
of the power plant, i.e. MDEPC, and will then be responsible for verifying and
implementing the EEAA’s proposals requirements. The owner has 30 days to
appeal the result of the assessment. This ESIA Report was prepared in line
with the Agency's Guidelines for Egyptian Environmental Impact Assessment.
The construction of electrical transmission lines and gas pipelines (of less
than 50km length) on local levels, are considered to be “List B Project”
according to the Guidelines for Egyptian Environmental Impact Assessment.
For these developments, Egyptian regulations require the proponent to
submit a Screening Form, possibly followed by a scoped ESIA on certain
identified impacts, to the relevant Competent Authority, which in this case is
the EEHC and EGAS, Ministry of Petroleum respectively. However, when
such an infrastructure is associated with a “C Listed Project”, it should be
considered as part and parcel of the full ESIA study report if it is addressed
during the study (see associated infrastructure-Section 6.16). In this regard, if
requested, a Resettlement Policy Framework (RPF) will be prepared in order
to handle any potential future changes. Notwithstanding any differences
between Egyptian legislation and World Bank rules and regulations, the
project will be implemented in accordance with OP 4.12 and, if
requested, subsequent RAPs will be prepared in accordance with the
entitlement matrix.
2.5.2

Permits Required to Construct and Operate the Power Plant
The key Egyptian permits required and obtained by MDEPC for the
construction and operation of the proposed power plant are set out in Table
2-2. These permits set out and regulate the standards to which the power
plant must be designed, constructed and operated.
In addition, a number of subsidiary permits will be required related to the
connection to, and use of, existing services and infrastructure, including the
following:
Electricity Supply Permit (if required) (North Delta Electricity Distribution
Company (NDEDC), Egyptian Electricity Holding Company (EEHC),
Ministry of Electricity & Energy);
Connection to Gas Pipeline, Utilization of Gas Supply and Alternative Fuel
Storage Permit (Egyptian Natural Gas Holding Company (EGAS) and
Egyptian General Petroleum Corporation (EGPC), Ministry of Petroleum);
Water Supply Permit (Kafr esh-Sheikh Water Authority);
Roadside Occupation (or Construction) Permit (General Authority for
Roads and Bridges, Ministry of Transport);
Transport of Special Loads Permit (Central Administration for Executing
and Maintaining Roads and Bridges, Ministry of Transport);
Communications Network Permit (Kafr esh-Sheikh Telephone Authority,
Egyptian Company for Communications, Ministry of Communications and
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Information Technology);
Carrier (Portable) Communication Devices Permit (Kafr esh-Sheikh
Telephone Authority, Egyptian Company for Communications, Ministry of
Communications and Information Technology).
The status of these permits today is that all these permits are procedural and
straightforward to be obtained.

Table 2-2
Key Permits Required for the Construction and Operation of the Power Plant
Permit
Construction
Permit
(for establishing a
power plant
project)

Permitting Authority

Relevant Legislation

Role of Permit

Status

Regulatory Body

Presidential Decree of the
Arab Republic of Egypt, No.
326/1997, to Establish the
Regulatory Body for Electric
Utility and Consumer
Protection

Authorization to
construct the
power plant
project

[Secured]

Burullus, Kafr eshSheikh Governorate

Law 101 (1996), “Law for
Buildings”

Authorization to
construct the
power plant
buildings

[Secured]

Environmental
Permit

Egyptian
Environmental Affairs
Agency (EEAA),
Ministry of State for
Environmental Affairs
in conjunction with
the Kafr esh-Sheikh
Governorate and
Egyptian Electricity
Holding Company
(EEHC)

Law 4 (1994), “Law for the
Environment” amended by
Law 9 (2009).

Authorization of
the environmental
effects of
development and
operation of the
power plant

[Secured]

Water Abstraction
and Discharge
Permit

Egyptian General
Authority for Shore
Protection, Ministry of
Water Resources and
Irrigation (MWRI) in
conjunction with the
EEAA

Law 4 (1994), :Law for the
Environment” amended by
Law 9 (2009) and Law 12
(1984), “Law for Irrigation
and Drainage”

Authorization to
construct and
operate the
abstraction of
cooling water and
discharge of
effluent

[Secured]

Stack Construction
Permit

Armed Forces
Operations Authority,
Ministry of Defense
and Civil Aviation
Authority, Ministry of
Transport

Defense Regulations

Authorization to
construct a stack
with respects to
military and
aviation
considerations

[Secured]

Regulatory Body

Presidential Decree of the
Arab Republic of Egypt, No.
326/1997, to Establish the
Regulatory Body for Electric
Utility and Consumer
Protection

Authorization to
produce electricity

[Secured] (1)

Construction
Permit
(for Buildings)

Operating Permit

Aviation Regulations
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Notes:
(1) Will be obtained upon operation.
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2.5.3

Relevant Environmental Policy, Legal and Administrative Issues
The environmental policy, legal and administrative framework which is
relevant to the permitting of the power plant comprises the following:
Requirement to conduct an ESIA to accompany the development of the
power plant.
Regional development planning, which must be addressed in the
development of the power plant, in particular:
- land use planning and control;
- siting;
- protection of environmentally sensitive areas;
- protection of endangered species; and
- Integrated Coastal Zone Management.
Environmental standards which must be considered in the design, layout,
construction and operation of the power plant, including:
- atmospheric emissions;
- generation and disposal of liquid effluents, including cooling water;
- generation and disposal of solid wastes;
- ambient environmental quality; and
- health and safety.
Each of these aspects is reviewed in the following sections. In each case,
both Egyptian and World Bank standards and guidelines are considered, to
reflect the relevant national requirements and those which may be expected
from international financial institutions.

2.5.4

Regional Development Planning
The guidelines for ESIA produced by the EEAA specify that the power plant
should demonstrate compliance with national, regional and local development
plans with respect to the following key aspects:
Land use planning and control in a new industrial zone, and surrounding
developments;
Siting;
Protection of environmentally sensitive areas; and
Protection of endangered species.
The proposed site lies on land zoned for the development of power
generation facilities by the MDEPC/EEHC within the coastal Burullus Zone /
Kafr esh-Sheikh Governorate development plan.
The site of the proposed power plant lies within the area covered by the
Urgent Development Plan (UDP) of the Burullus Zone / Kafr esh-Sheikh
Governorate, which was developed by the Ministry of Housing, Public Utilities
and New Communities for land use planning and control. This Plan is
currently being implemented and its key policies and land use zoning relevant
to the proposed site are summarized in Table 2-3. According to consideration
for this UDP, designated north Burullus coastal area has been assigned as
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an Development Domain.
Table 2-3
Key Policies and Land Use Zoning in the Urgent
Development Plan-Kafr esh-Sheikh Governorate Area, Update 2009

Summary of Policy

Relevance to Power plant

Industrial Development, including changes
in the physical setting of North Burullus
Coastal Zone- and their planning
frameworks.

Potential increase in the number of industrial facilities
of each type (broad & medium classes) and industrial
properties on land surrounding the sites.

Housing programs surrounding North
Burullus Coastal Zone for some residential
communities.

Potential increase in the number of residential
properties on land surrounding the site.

Water supply system, sewerage system,
and roads, pavements & earth works.

Potential provision of utilities services adequately and
easily on areas surrounding the power plant.

Power supply system.

Upgrade/ Expand of the national HV transmission
system near to the site of the power plant.

Preservation of the natural character to
maintain tourist enjoyment.

Maintenance of the amenity value of the natural
character.

Regulations of air pollution and water
pollution near rural and urban areas.

Control of liquid effluent and atmospheric discharges
from the power plant.

Acknowledgement of the importance of the
tourist and cultural features of the area,
and aim to enhance them.

Avoidance of tourist and cultural impacts through
development and operation of the power plant.

2.6

EGYPTIAN REQUIREMENTS FOR THE SCOPE OF THE ESIA
The Egyptian Environmental Affairs Agency (EEAA) has published guidelines
(last updated January 2009) which require that certain information is provided
in an ESIA report (i.e. specified information).
The requirements for the scope of the ESIA under Egyptian, IFC/World Bank
procedures, as described in Section l.2, include the following:
description of the proposed power plant;
description of the baseline environment at the site;
identification of the environmental standards which will be applied to the
project, including those applying to protection of ambient environmental
quality and specific conditions on the construction and operation of the
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power plant;
identification of potential environmental impacts associated with the
project;
description of alternatives to the power plant, in terms of options for
electricity supply in Egypt, design of the power plant and operating
system;
development of proposals for mitigation and management of any
potential environmental impacts;
description of monitoring plans proposed to provide surveillance of
the environmental impacts of the power plant during construction or
operation;
demonstration that consultations with interested parties have been carried
out as part of the ESIA process.
In addition, all Egyptian, IFC/World Bank guidelines specify the broad
organization of the ESIA report, requirement for a non-technical summary for
local, especially public, information and clear referencing of sources of data
used in the assessment.

2.7

INTERNATIONAL AND NATIONAL ENVIRONMENTAL
STANDARDS/ GUIDELINES

2.7.1

Introduction
The Egyptian, IFC/World Bank environmental standards and guidelines
relevant to the construction and operation of the power plant cover the
following issues:
Atmospheric emissions and ambient air quality.
Liquid effluent discharges to the marine environment.
Noise emissions and ambient noise levels.
Solid waste management.
Hazardous waste management.
Operation management: health and safety, air quality and noise levels.
Construction management.
Other environmental management issues.
The Egyptian standards have been drawn from the range of provisions in
Law 4/1994 and Law 9/2009 and the Prime Minister’s Decree No. 338 of
1995, which promulgated the Executive Regulations of Law 4 and their
amendments.
The Egyptian Law of Labor 12/2003 follows a philosophy, which gives high
consideration to environmentally safe work and workers health inside
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workplace. It stipulates that all operations are carried out in an
environmentally safe manner and that workplaces must comply with
appropriate health and safety guidelines.
The IFC/World Bank guidelines have been taken from the IFC/World Bank
Pollution Prevention and Abatement Handbook – Part III (July, 1998).
Supplementary to the guidelines set out in the WB/International Finance
Corporation (IFC) Pollution Prevention and Abatement Handbook, reference
has also been made to the World Bank guidelines as set out in the World
Bank Environment, Health and Safety Guidelines: Thermal Power Plants
(1994). Also, recent updates of the World Bank guidelines (Dec. 2008) have
been considered.
The following sections detail the requirements under both Egyptian and
World Bank standards and guidelines.
2.7.2

Atmospheric Emissions and Ambient Air Quality
The Egyptian Government and World Bank have established ambient air
quality standards applicable to power projects. The Egyptian standards and
the World Bank guidelines on ambient air quality are shown in Table 2-4.

Table 2-4
Ambient Air Quality Guidelines ( gm-3)
(Maximum Limits as per the Law 4/1994 and the Law 9/2009, Executive Regulations, Annex 5
replaced by the Prime Minister's Decree no. 710 for the year 2012)

Pollutant
Nitrogen oxides (NOx)(3)

Sulfur dioxide (SO2)

Carbon monoxide (CO)
Thoracic particles (PM10)
Total suspended particles

Notes:
(1)
(2)
(3)

Averaging
Period
1 hour
24 hours
1 year
1 hour
24 hours
1 year
1 hour
8 hours
24 hours
1 year
24 hours
1 year

Egyptian
Standards
300
150
80
350
150
60
30,000
10,000
150
70
230
125

WB
Guidelines(2)
No Limit
150
100
No Limit
150
80
150
50
230
80

For industrial areas.
World Bank Pollution Prevention Handbook, Thermal Power-Guidelines for New Plants, July 1998 and its updates.
NO2 : There are no NOx Egyptian Standards for ambient air quality, only NO 2 Standards.
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The World Bank Group guidelines (World Bank Pollution Prevention
Handbook, Thermal Power-Guidelines for New Plants, July 1998 and its
updates) refer to the concept of the “airshed”. The airshed for a power plant
is defined as:
“The local area around the plant whose ambient air quality is directly affected
by emissions from the plant. The size of the relevant local airshed will depend
upon plant characteristics (such as stack height) as well as local
meteorological conditions and topography”.
Where the airshed is degraded (i.e. has concentrations of pollutants which
exceed World Bank standards) the World Bank power plants are subject to
site-specific requirements that include offset provisions to ensure that there is
no net increase in the total emissions of particulates and/or SO 2 within the
airshed and the resultant ambient levels of NO2 do not exceed the levels
specified for moderately degraded airsheds(1).
Also, the World Bank Group guidelines (IFC Environmental, Health and
Safety Guidelines for Thermal Power Plants, Dec. 19, 2008) refer to energy
efficiency and GHG emissions. Recommendations to avoid, minimize, and
offset emissions of carbon dioxide from new and existing thermal power
plants include, among others, use of less carbon intensive fossil fuels, i.e. les
carbon containing fuel per unit of calorific value-gas is less than oil and oil is
less than coal, or co-firing carbon neutral fuels (i.e., biomass).
Egyptian standards and World Bank guidelines require the Developer to
ensure that emission levels during construction and operation do not exceed
set maximum limits for pollutant concentrations. Egyptian and World Bank
guidelines for power plants on the maximum limits for pollutants in emissions
to the air are shown in Table 2-5. (a) and for GHG emissions are shown in
Table 2-5(b).

___________________________________
(1) NO2 exceeds 100 µg/m 3 and the 98th percentile of 24 hour mean values of NO2 over a year exceeds
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500µg/m 3 in an airshed classified as having moderate air quality.
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Table 2-5(a)
Maximum Atmospheric Emission Guidelines (mg/Nm3)(a)
(Maximum Limits as per the Law 4/1994 and Law 9/2009, Executive Regulations, as per Annex (6)
replaced by the Prime Minister's Decree no. 710 for the year 2012)

Pollutant

Egyptian Standards

WB(b) Guidelines

(Law 9/2009)

(Dec. 19, 2008)

Nitrogen Oxides (NOx)
Natural Gas(d)

500 mg/m 3

Combustion Turbine
[Natural Gas]
51 mg/Nm3 (25 ppm

Diesel Oil (Sollar)(d)

500 mg/m 3

[Liquid Fuels]
152 mg/Nm3 (74 ppm)(c)

150 mg/m 3

N/A(e)

1300 mg/m 3

Use of 1% or less S fuel (NDA)(f)
Use of 0.5% or less S(g) fuel (DA)(g)

Particulate Matter (PM)
Natural Gas(d)
Diesel Oil (Sollar) (d)

50 mg/m3
100 mg/m 3

N/A(e)
50 (NDA)
30 (DA)

Carbon Monoxide (CO)
Natural Gas(d)
Diesel Oil (Sollar) (d)

100 mg/m 3
250 mg/m 3

-

Sulfur Dioxide (SO2)
Natural Gas(d)
Diesel Oil (Sollar) (d)

Notes:
(a) The limits refer to standard flow conditions, dry gas, excess O 2 content 15%, temp. 273 °K & 1 Bar.
(b) World Bank guidelines should be achieved for 95% of the operating time of a plant.
(c) Technological differences (for example the use of Aeroderivatives) may require different emissions values which should be
evaluated on a cases-by-case basis through the EA process but which should not exceed 200 mg/Nm 3 ; Guideline limits apply
to facilities operating more than 500 hours per year. Emission levels should be evaluated on a one hour average basis and be
achieved 95% of annual operating hours.
(d) For all turbine types of Unit > 50 MW th, where MW th = Megawatt thermal input on HHV basis; MW th category is to apply to
single units.
(e) N/A = Not Applicable.
(f) NDA= Non Degraded Airshed.
(g) DA = Degraded Airshed (poor air quality).
[Airshed should be considered as being degraded if nationally legislated air quality standards are exceeded or, in their
absence, if WHO Air Quality Guidelines are exceeded significantly; S = sulfur content (expressed as a percent by mass); Nm 3
is at one atmospheric pressure, 0 degree Celsius]
Comparison of the Guideline limits with standards of selected countries / region (as of August 2008):
Natural Gas-fired Combustion Turbine – NOx
o Guideline limits: 51 (25 ppm)
o EU: 50 (24 ppm), 75 (37 ppm) (if combined cycle efficiency > 55%), 50* / 35 (where = simple cycle efficiency)
o US: 25 ppm (> 50 MMBtu/h ( 14.6 MW th) and 850 MMBtu/h ( 249MW th)), 15 ppm (> 850 MMBtu/h ( 249
MWth))
o (Note: further reduced NOx ppm in the range of 2 to 9 ppm is typically required through air permit)
Liquid Fuel-fired Combustion Turbine – NOx
o Guideline limits: 152 (74 ppm) – Heavy Duty Frame Turbines & LFO/HFO, 300 (146 ppm) – Aeroderivatives &
HFO, 200 (97 ppm) – Aeroderivatives & LFO
o EU: 120 (58 ppm), US: 74 ppm (> 50 MMBtu/h ( 14.6 MW th) and 850 MMBtu/h ( 249MW th)), 42 ppm (> 850
MMBtu/h ( 249 MWth))
Liquid Fuel-fired Combustion Turbine – SOx
o Guideline limits: Use of 1% or less S fuel
o EU: S content of light fuel oil used in gas turbines below 0.1% / US: S content of about 0.05% (continental area)
and 0.4% (non-continental area)
Source: EU (LCP Directive 2001/80/EC October 23, 2001), EU (Liquid Fuel Quality Directive 1999/32/EC), US (NSPS for
Combustion Turbines, Final Rule – July 6, 2006).
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Table 2-5(b)
World Bank Typical CO2 Emissions Performance of
New Thermal Power Plants, (Dec. 19, 2008)
Gas Turbines: Simple Cycle and Combined Cycle
Cycle

CO2
(g CO2/kWh - Gross)

36 – 40%

Simple Cycle GT

505 – 561 (Net)

54 – 58%

CCGT

348 – 374 (Net)

--

--

Simple Cycle GT
CCGT

594
396

--

--

Efficiency
% Net, LHV :
Gas

Oil
-% Gross, LHV :
Gas
34%
51%
Oil
--
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Egyptian Law 4/1994 and Law 9/2009 and their Executive Regulations and
successive amendments also apply specific conditions to the burning of fuels
in power plants, as follows:
Fuel / air mixtures and the combustion process should provide full burning
of the fuel.
The use of mazout and heavy oil is prohibited in residential areas.
The sulfur content of fuels is restricted to equal or less than 1.5% in or
near urban and residential areas. The use of high sulfur content fuels is
permissible in regions far from inhabited urban areas provided that
suitable atmospheric factors are present and adequate distances are
observed to prevent these gases from reaching residential and agricultural
areas and watercourses.
Emissions of carbon dioxide should be through stacks of sufficient height
to ensure that the gases are dispersed before reaching ground level.
Stack height should reflect the volumetric flow of flue gases. Law 4/1994
states that for emission rates of 7,000-15,000kg/hr the stack height should
be between 18-36m. If emission rates exceed 15,000 kg/hr, then the stack
height should be at least 2.5 times the height of surrounding buildings.
World Bank guidelines reinforce the Egyptian requirement of minimum stack
heights by requiring plants to use stack heights not less than the Good
Engineering Practice(1) values unless impact analysis has taken into account
building downwash effects.
2.7.3

Liquid Effluent Discharges
Law 4/1994 - Law 9/2009 states that all establishments are prohibited from
polluting the marine environment. Subsequently, no permit will be granted for
an establishment on, or near, the coastline, which may result in discharges of
polluting substances.
Annex 1 of the Executive Regulations of Law 4/1994 - Law 9/2009 sets
out the Egyptian standards concerning the concentration of pollutants in
effluent discharged to the marine environment. A selection of the
standards, relevant to thermal power plants, is shown in Table 2-4. In
addition, the table also presents the equivalent World Bank guidelines. It
should be noted that WB guidelines relate to all liquid effluent discharges,
not solely to those to the marine environment.
Decree No. 8 of 1983 promulgating the Implementary Regulations of the
Law 48 of 1982 regarding the protection of the River Nile and waterways
from pollution provides the standards set by the Ministry of Health for
permits to discharge treated industrial liquid effluents into the fresh water
bodies and groundwater reservoirs (Article 61). Table 2-4 also presents
these standards.

(1) US Code of Federal Regulations Title 40, Part 51.100. Good Engineering Practice Stack Height = H + 1.5 L where H is the height
of nearby structures and L is the lesser dimension of height or projected width of nearby buildings.
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Table 2-6
Liquid Effluent Discharge Guidelines
Water Quality Standards and Specifications Mandated by the Egyptian Laws in Comparison
with the World Bank Guidelines (mgl-1) (a)

Temperature (b)

Standards and Specifications Mandated by
Law 48/1982
The maximum limits of constituents in
treated industrial liquid effluents discharged
to (Art. 61)
River Nile from its
Nile Branches, main
Southern Egyptian
canals, branch
Border to the Delta
canals, ditches &
Barrages
groundwater
reservoirs
35o C
35oC

pH
Color

6-9
No Col. substance

6-9
No Col. substance

30
40

20
30

1200
1100
30

800
700
30

1
5

1
5

Parameter

Biochemical Oxygen Demand (BOD)
Chemical Oxygen Demand (COD)
(Dichromate)
Total Dissolved Solids
Fixed (Ash of) Dissolved Solids
Suspended Solids
Turbidity
Sulfides
Oils and Grease
Hydrocarbons, of oil origin
Phosphates
Nitrates
Phenolates
Fl uorides
Aluminum
Ammonia (Nitrogen)
Mercury Compounds
Lead (Pd)
Cadmium
Arsenic (As)
Chromium, total (Cr)
Copper (Cu)
Nickel
Iron (Fe)
Manganese
Zinc (Zn)
Silver
Barium
Cobalt
Pesticides
Cyanide
Mercury (Hg)

1

1

30

30

0.5

0.5

0.001
0.05
0.01
0.05
0.05
1
0.1
1
0.05
1
0.05

0.001
0.05
0.01
0.05
0.05
1
0.1
1
0.05
1
0.05

Limits &
Specifications for
draining and
disposing of certain
substances in the
marine environment
mandated by Law
4/1994(a)

World Bank
Wastewater
Effluent
Guidelines
(1996)

Not more than 10
degrees over
existing level
6-9
Free of colored
agents
60
100

3oC increase
above ambient

2000
1800
60
NTU 50
1
15
0.5
5
40
1
1
3
3
0.005
0.5
0.05
0.05
1
1.5
0.1
1.5
1
5
0.1
2
2
0.2
0.1

(b)

6-9

-

50

10

0.5
0.5
0.5
0.5
0.5
1.0
1.0

0.005
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Table 2-6 (Contd.)
Water Quality Standards and Specifications Mandated by the Egyptian Laws in Comparison
with the World Bank Guidelines (mgl-1) (a)
Standards and Specifications Mandated by
Law 48/1982
The maximum limits of constituents in
treated industrial liquid effluents discharged
to (Art. 61)
River Nile from its
Nile Branches, main
Southern Egyptian
canals, branch
Border to the Delta
canals, ditches &
Barrages
groundwater
reservoirs

Parameter

Fecal Coliform Count (No. in 100ml)
Dissolved Oxygen
Organic Nitrogen
Total Alkalinity
Sulphate
Synthetic Detergents
Phenol
Selenium
Chemical
Oxygen
Demad
(Permanganate)
Total Heavy Metals
Total Residual Chlorine(c)
Total Coliform (MPN/ 100ml)
Odour
Tannin + lignin
Carbon derivatives (chloroform)

Limits &
Specifications for
draining and
disposing of certain
substances in the
marine environment
mandated by Law
4/1994(a) t

World Bank
Wastewater
Effluent
Guidelines
(1996)

5000

0.05
0.002

0.05
0.001

15

10

1
1

1
1

0.2 (c)

Notes:
(a) Units of mgl -1 unless otherwise stated.
(b) The effluent should result in a temperature increase of no more than 5 o C at the edge of the zone where initial mixing and
dilution take place. W here this zone is not defined, use 100 m from the point of discharge when there are no sensitive
aquatic ecosystems within this distance.
(c) “Chlorine shocking” may be preferable in certain circumstances, which involves using high chlorine levels for a few seconds
rather than a continuous low level release. The maximum value is 2 mgl -1 for up to 2 hours, which must not be more
frequent than once in 24 hours (and the 24 hour average should be 0.2 mgl -1 ).

Further to these guidelines, Law 4/1994 and Law 9/2009 also apply certain
planning conditions for developments along or adjacent to the coastline:
The location of the exit of the outfall must be at least 500 m from the
coast.
The discharge of effluents into swimming or fishing zones, or natural
reserves, is prohibited to ensure that the economic or aesthetic value of
the zones or reserves are not compromised.
Any measures which are likely to cause changes in the natural coastline
(erosion, sedimentation, coastal currents and pollution from the project or
associated works) are restricted, except with the approval of the
Competent Administrative Authority.
Any development within 200 m of the coast must gain approval from the
Competent Administrative Authority.
Drainage of Liquid Wastes (Law no. 39 for 1962)
The term "sewage system" shall apply to installations which are prepared for
collecting waste liquids from houses, factories, public, communicational &
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international establishment, and other, as well as leaking waters & rains, for
the purpose of disposing in a sanitary, after purifying of them or without
purification.
Article 7: rules "liquid wastes from …… industrial …… may not be drained
…… without a license …"
Article 8: rules that "liquid wastes which are licensed …… shall adhere to the
standards & specification limits …"
Article 9: rules that " analysis shall be carried out on specimens of liquid
wastes …… by the Ministry of Health …"
Article 14: rules that "liquid wastes may not be surface-drained except by
virtue of a license from the department in charge of sewerage works …"
Article 18: discussed the penalties for contravention to the provision of
articles 3, 4, 13 and 14 (fine not less than 10 pounds), and to articles 6, 7, 8,
9, 11 and 12 (fine not less than 50 pounds).
Chapter 6(1): Decree M.649 for 1962 sets the criteria & specifications that
authorize liquid wastes to be drained into public sewers. Parameters are:
Temperature not more than 40oC.
pH value less than 6 not more than 10.
BOD not more than 400 particles per million.
COD not more than 700 particles per million.
Phenol not more than 0.005 particles per million.
Sulphur dioxide not more than 1 particle per million.
Lubricants, oils & resins not more than there 100 particles per million.
Silver, mercury, cadmium, chrome, etc… not more than 10 particles per
million (liquid wastes 50m3/day) or 5 particles per million (liquid wastes
exceed 50m3/day)
Chapter 6(2): also sets the conditions and criteria that should be fulfilled by
liquid wastes drained by surface irrigation or by irrigating cultivable land. In
general sewage wastewater may not be disposed of by surface draining
method until after obtaining permission from the concerned Health Authority
and drained wastes should not be less than primary treated liquids.

2.7.4

Noise Emissions and Ambient Noise Levels
Law 4/1994 and Law 9/2009 stipulate that a developer must ensure that an
establishment is compatible with the character of its setting. Amongst other
issues, this involves limiting the effect of combined noise from all site sources
on the surrounding environment to acceptable ambient limits. Guidance
levels for ambient noise is dependent upon the land use surrounding the site,
and Egyptian ambient noise guidelines are set with respect to five different
land use categories. The Egyptian ambient noise guidelines are shown in
Table 2-7, together with the related land uses.
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The World Bank ambient noise guidelines differ from those of the Egyptian
Government in that they only differentiate between two land use categories,
as presented in Table 2-8.
Table 2-7
Egyptian Ambient Noise Limits for Intensity in Different Land Use Zones
(Maximum Limits as per the Law 4/1994 and Law 9/2009, Executive Regulations, Annex 7-Table 2)
Daytime (1)
dB(A)

Night (2)
dB (A)

Industrial areas (heavy industries)

70

70

Residential areas, on roads of width less than 12m,
commercial, administrative and “downtown” areas

65

55

Residential areas, including some workshops or commercial
businesses or on public roads

60

50

Suburb Residential areas with limited movement and limited
service activities.

55

45

Areas of sensitivity to noise

50

40

Residential areas on roads of width 12m and more or light
industrial areas and other activities, with some workshops,
commercial, administrative, or entertainment activities.

70

60

Receptor

Notes:
(1) Daytime from 7 a.m. to 10 p.m.
(2) Night-time from 10 p.m. to 7 a.m.

Table 2-8
WB Ambient Noise Guidelines for Intensity in Different Land Use Zones
Maximum Allowable LAeq, 1-hour

Receptor

dB(A) (a)

Daytime
07:00 – 22:00

Night-time
22:00 – 07:00

Residential, institutional and educational

55

45

Industrial and commercial

70

70

Notes:
(a)
Noise abatement measures should achieve either the WB guidelines or if background levels are
already above these limits, a maximum increase of background levels of 3 dB (A).
Measurements are to be taken at noise receptors outside the project property boundary.
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2.7.5

Solid and Hazardous Waste Management
Law 4/1994 and Law 9/2009 stipulate that handling of hazardous substances
and waste is prohibited unless a permit has been issued by the competent
authority.
The handler of wastes must:
possess a permit issued by the appropriate CAA to handle wastes;
store and dispose of wastes in designated sites agreed with the CAA;
maintain appropriate systems of storage, including packaging and labeling,
containers and storage duration;
operate appropriate transportation systems to authorized disposal sites;
maintain a register of all hazardous wastes and disposal methods; and
develop an emergency plan in case of spillages.
Further to the Egyptian guidelines, the World Bank requires that the
individual/ company operating the power plant must ensure that:
all hazardous materials are stored in clearly labeled containers;
storage and handling of hazardous materials is in accordance with national
and local regulations appropriate to their hazard characteristics;
fire prevention systems and secondary containment should be provided for
storage facilities, where necessary, to prevent fires or the releases of
hazardous materials to the environment.

2.7.6

Occupational Environmental Management, Health and Safety
Workplace Air Quality, Temperature and Humidity
Egyptian regulations, including Labor Law no. 12/2003 and its Executive
Regulations stipulated by Ministerial Decree no. 211/2003, require that the
owner of the power plant must ensure that air quality in the workplace is
maintained within fixed limits. Accordingly, the owner is obliged to ensure the
protection of the work force through implementing health and safety
measures on-site, including by the choice of plant and equipment, process
substances, types of fuels, ventilation of working areas or other air cleaning
methods.
The World Bank requires that any individual / company managing or
operating a power plant must:
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conduct periodic monitoring of the workplace air quality with respect to air
contaminants relevant to employees tasks;
maintain ventilation and air contaminant control, and provide protective
respiratory and air quality monitoring equipment;
ensure that protective respiratory equipment is used by employees when
levels of welding fumes, solvents and other materials exceed international,
national or local accepted standards.
Egyptian and World Bank threshold limit values for carbon monoxide,
nitrogen dioxide, Sulfur dioxide and particulate in the workplace are provided
in Table 2-9.
In addition to air quality, under Law 4/1994 and Law 9/2009, the owner of the
power plant must also ensure that temperature does not exceed maximum
and minimum permissible limits, as set out in Table 2-10. In case of work in
temperatures outside these limits, the owner must provide suitable
acclimatization to workers and/or protective measures.

Table 2-9
Egyptian and WB Air Quality Guidelines in the Workplace
(Maximum Limits as per the Law 4/1994 and Law 9/2009, Executive Regulations, Annex 8)

Atmospheric Pollutant

Egyptian Guidelines (a)

Guidelines

Carbon monoxide

55 mg/m

29 mg/m3

Nitrogen dioxide

6 mg/m3

6 mg/m3

Sulfur dioxide

5 mg/m3

5 mg/m3

10 mg/m3

10 mg/m3

Particulate

(b)

3

WB

Notes:
(a) Egyptian air quality guidelines in the workplace are determined by exposure time. Readings provided are
“mean time”- the limit to which workers are exposed during a normal working day.
(b) Inert and nuisance dust.
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Table 2-10
Egyptian Maximum Air Temperature Limits (a)
(Apply for the Workshop, Amity Building and Control Buildings)
(Maximum Limits as per the Law 4/1994 and Law 9/2009, Executive Regulations, Annex 9)
Type of Work

Low Air Flow

High Air Flow

Light

30.0OC

32.2OC

Medium

27.8OC

30.5OC

Hard

26.1OC

29.8OC

Notes:
(a) In periods of high temperature, workers should be monitored. No worker should work be exposed to heat
stress (above 24.5OC for women and above 26.1 OC for men) for more than one continuous hour or one
intermittent hour in every two, without acclimatization.

Workplace Noise
Law 4/1994 and Law 9/2009 and the Labor Law no. 12/2003 and their
Executive Regulations restrict noise in the workplace to within limits of
intensity and exposure time. Egyptian guidelines are shown in the following
tables:
Table 2-11 presents occupational noise guidelines with respect to
continuous exposure to noise below 90 dB (A);
Table 2-12 presents occupational noise guidelines with respect to
permitted exposure periods to continuous noise in excess of 90 dB (A);
Table 2-13 presents occupational noise guidelines with respect to
exposure periods to intermittent noise.
It has been assumed that these limits apply at worker positions and will be
generally free field noise levels.
In addition to the Egyptian guidelines, the World Bank guidelines require that
the individual/ company managing or operating a power plant must ensure
that:
Noise in work areas is reduced by using feasible administrative and
engineering controls (including sound-insulated equipment and control
rooms).
Good maintenance practices to minimize noise production from plant and
equipment.
Personnel use hearing protection equipment when exposed to noise
levels above 85 dB (A).
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Table 2-11
Egyptian Guidelines for Maximum Permissible Limits of Sound
Intensity Inside Places of Industrial Activity
(Maximum Limits as per the Law 4/1994 and Law 9/2009, Executive Regulations, Annex 7-Table 1)
Maximum Allowable Level of Sound

Receptor

(dB(A))

Work premises with up to 8 hour shifts with the
aim of limiting noise hazards on hearing(a)

90

Places of work that require hearing signals and
good audibility of speech

80

Places of work for the follow up, measuring and
adjustment of operations with high performance

65

Notes:
(a) For periods extending longer than 8 hours lower noise limits will be defined.

Table 2-12
Egyptian Guidelines on Periods of Exposure to Noise
(Maximum Limits as per the Law 4/1994 and Law 9/2009, Executive Regulations, Annex 7-Table 1, contd.)
Noise Intensity
(dB(A))

Period of Exposure per Day
(Hours)

> 90-95

4

>95-100

2

>100-105

1

>105-110

0.5

>110-115

0.25
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Table 2-13
Egyptian Guidelines on Permissible Limits Concerning
Intermittent Noise Inside the Workplace
(Maximum Limits as per the Law 4/1994 and Law 9/2009, Executive Regulations, Annex 7-Table 1, contd.)
Noise Intensity
(dB(A))

Number of Permissible Noise Events During
Normal Working Hours

135

300

130

1,000

125

3,000

120

10,000

115

30,000

Electrical Safety in the Workplace
The Egyptian Code of practice for electrical safety in power system, issued
by the Egyptian Electricity Authority, as well as the Labor Law no. 12/2003
and its regulations, require that any power plant management, and the World
Bank requires that any individual/company managing or operating a power
plant, must ensure that:
strict procedures are provided and followed for de-energizing and
checking electrical equipment before maintenance work;
strict safety procedures are implemented, including constant supervision,
when performing maintenance work on energized equipment;
personnel training is provided on revival techniques for electrocution.

Working in Confined Spaces
The Egyptian Industrial Codes of practice, issued by the Egyptian Industry
Authority, as well as the Labor Law no. 12/2003 and its regulations, and the
World Bank require that the individual / company managing or operating an
industrial facility (such as a power plant) must ensure that:
prior to entry and occupancy, all confined spaces must be tested for the
presence of toxic, flammable and explosive gas or vapors and lack of
oxygen;
adequate ventilation is available in any confined working spaces;
personnel working in confined spaces that may become contaminated or
deficient in oxygen are provided with air-supplied respirators;
observers are stationed outside when personnel are working in confined
spaces which are likely to become contaminated or to be affected by a
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shortage of air supply.
General Health and Safety
The Egyptian concerned laws and regulations mentioned above and the
World Bank require that the individual / company managing or operating an
industrial facility (such as a power plant) must ensure that:
sanitary facilities are well equipped with supplies and employees should
be encouraged to wash frequently, particularly those exposed to dust,
chemicals or pathogens;
ventilation systems are provided to control the temperature and humidity of
working areas;
personnel working in high temperatures or humidity are allowed frequent
breaks away from these areas;
pre-employment and periodical medical examinations are conducted for all
personnel and surveillance programs instituted for personnel potentially
exposed to toxic or radioactive substances;
personnel are protected by shield guard or guard railings from all belts,
pulleys or gears and other moving parts;
elevated platforms, walkways, stairs and ramps are equipped with
handrails, toeboards and non-slip surfaces;
electrical equipment is “earthed”, well insulated and conforms with
applicable codes;
personnel use special footware, masks and clothing when working in
areas with high dust levels or contaminated with hazardous materials;
employees are provided with appropriate protective equipment when
working near molten or high temperature materials (protective equipment
may include, amongst others, non-slip footwear, safety glasses, etc);
employees wear eye protective measures when working in areas at risk of
flying chips or sparks or where bright light is generated;
employees wear protective clothing and goggles in areas where corrosive
materials are stored or processed;
appropriate eyewash and showers are installed in areas containing
corrosive materials; and
a safety program is implemented and regular drills are conducted.
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2.7.7

Personnel Training
Law 4/1994, Law 9/2009 and Labor Law 12/2003 stipulate that operators
should be trained when using or handling any hazardous waste materials.
In addition, the EEAA Master Plan for Solid & Hazardous Waste
Management and the World Bank require that the individual / company
managing or operating an industrial facility (such as a power plant) must
ensure that:
employees are trained on the hazards, precautions, and procedures for
the safe storage, handling and use of potentially harmful substances;
training incorporates information from the “Material Safety Data Sheets”
(MSDSs) for potentially harmful materials;
personnel are trained with regard to environmental health and safety
matters, including accident prevention, safe lifting practices, the use of
MSDSs, safe chemical handling practices and proper control and
maintenance of equipment and facilities.

2.7.8

Monitoring and Record Keeping and Reporting
Law 4/1994 (Articles 17 & 18) and Law 9/2009 require - for industrial facilities
- the operator monitors the site in order to optimize performance. Direct
measurement of emissions and atmospheric concentrations of pollutants
dispursed with the exhaust gas is required. Averaging times for ambient air
quality should be based on regular measurements.
Law 4/1994 and Law 9/2009, also, stipulates that the owner of the power
plant should maintain an Environmental Register of written records with
respect to the environmental impacts from the establishment. The written
records should identify the characteristics of discharges and emissions,
details of periodic testing and its results, procedures of follow-up
environmental safety, and the name of the person in charge of follow-up, The
owner of the power plant, or its representatives, are responsible for informing
the EEAA of any emitted or discharged pollutants deviating from prescribed
standards and any appropriate procedures taken to rectify them.
Also, the World Bank guidelines require the operator monitors the site in
order to optimize performance. Direct measurement of atmospheric
concentrations of particulate matter, NOx and SO2 and heavy metals in the
exhaust emissions is preferable. Averaging times for direct emissions should
be based on an hourly rolling average.
The World Bank guidance requires ambient air quality to be monitored at
least at 3 locations where there is: a) least pollution expected; b) maximum
pollution concentration expected; and c) sensitive receptors. The ambient air
quality parameters that require monitoring for gas fired plants are NOx.
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Law 4/1994 and Law 9/2009, as well as World Bank guidance, also require
the owner/ operator to monitor the wastewater discharges. The parameters to
be examined and sampling frequency are set out in Table 2-14.

Table 2-14
World Bank

(a)

Requirements for Monitoring Wastewater Discharges

Parameter

Proposed Monitoring Frequency

pH

Continuous

Temperature

Continuous

Suspended solids

Daily

Oil and grease

Daily

Residual chlorine

Daily

Heavy metals

Monthly

Other pollutants

Monthly

Notes:
(a) World Bank: Guidebook for Preparation and Review of EA, January 2000.

In addition, the EEAA and the World Bank require that the individual/
company managing or operating an industrial facility (such as a power plant)
must:
maintain records of significant environmental matters, including monitoring
data, accidents and occupational illnesses, and spills, fires and other
emergencies;
review and evaluate information from the above to improve the
effectiveness of the environmental, health and safety program;
submit an annual summary of recorded information to the EEAA (and to
the World Bank).

2.7.9

Construction Management
Law 4/1994 and Law 9/2009 require that guidelines on environmental
management and protection, including related to noise, land, marine and
atmospheric pollution, waste management and health and safety must be
adhered to during the construction process.
In particular, when handling and storing soils and wastes during construction,
all organizations and individuals must ensure that storage and transportation
is undertaken in such a manner to minimize release or dispersion into the
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environment.
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2.7.10

Other Environmental Issues
Chemical Compounds
Law 4/1994 and Law 9/2009 state that spraying of pesticides or other
chemical compounds is prohibited except after complying with the conditions,
norms and guarantees set by the Ministry of Agriculture, the Ministry of
Health and the EEAA. The conditions for such use are as follows:
notification to the health and veterinary units of the types of sprays being
used and antidotes before spraying;
provision of necessary first aid supplies;
provision of protective clothing and materials;
warning of the public in spraying areas;
training of laborers conducting the spraying.

Other Chemicals
The EEAA and the World Bank require that the individual / company
managing or operating an industrial facility (such as a power plant) must
ensure that:
use of formulations containing chromates is avoided;
transformers or equipment that either contain polychlorinated biphenyls
(PCBs) or use PCB-contaminated oil are not installed;
processes, equipment and central cooling systems that use or potentially
release chlorofluorocarbons (CFCs), including Halon, are avoided;
storage and liquid impoundment areas for fuels and raw and in-process
materials, solvents and wastes and finished products are designed in such
a way to prevent spills and the contamination of soil, groundwater and
surface waters.
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2.8

2.9

NATIONAL LEGISLATION ON NATURAL PROTECTORATES

-

Law No. 102/1983 "on the Natural Protectorates".

-

Prime Minister's Decree No. 1067/1983 on "Execution of some Articles
of the Law 102/1983".

-

Prime Minister's Decree No. 240/1990 on "Issuance of Internal
Regulation for Natural Protectorates Fund".

-

Prime Minister's Decree No. 2444/1998 on "Establishment of Natural
Protectorate at the Burullus Area in Kafr Esh-Sheikh Governorate".

INTERNATIONAL AND REGIONAL CONVENTIONS
RELATED TO PRESERVING BIODIVERSITY
Since 1936, Egypt always participates as party in the main international and
regional conventions and agreements. Before ratification of the UNCBD, Egypt
ratified many agreements and conventions including:
Convention on the preservation of fauna and flora in their natural state,
London, 1933 (ratified in 1936).
Agreement on establishing general fisheries council for the Mediterranean,
Rome, 1951.
International Plant Protection Convention, Rome, 1953.
International Convention on preventing oil pollution into the seas, London,
1963.
Phyto-sanitary Convention for Africa, Kinshasa, 1968.
African Convention on the Conservation of Nature and Natural Resources,
Algeria, 1968 (ratified in 1972).
Convention for the Protection of the Mediterranean Sea against pollution,
Barcelona, 1976 (ratified in 1978)
Convention on the International Trade in Endangered Species of Wild Fauna
and Flora (CITES), Washington, 1973.
Protocol concerning Mediterranean, especially protected areas. Geneva,
1983 (ratified in 1986)
Convention on Wetland of International Importance, especially Waterfowl
Habitat (RAMSAR), (Rasmsar, Iran, 1972), (ratified in 1988).
Convention of the Conservation of the Migratory Species of Wild Animals
(CMS), Bonn, 1979 (ratified 1982).
United Nations Convention on the Law of the Sea. Montego Bay, Jamaica,
1982 (ratified in 1983)
Convention on Biological Biodiversity, Rio de Janeiro, 1992. (ratified in 1994).
After ratification of the UNCBD Egypt involved in some other related
agreements and conventions such as:
o

Agreement on the Establishment of the Near East Plant Protection
Organization, Rabat, Morocco, 1993 (ratified in 1995).
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o

International Tropical Timber Agreement. Geneva, 1994 (ratified in 1996).

o

Protocol concerning specially Protected Areas and Biological Diversity in
the Mediterranean, Barcelona, 1995.

Relevant International Conventions
Egypt is signatory to eight international conventions with ramifications for the
environmental protection of South Sinai. These international conventions are
listed below:
International Convention
International Convention for the
Prevention of Pollution of the
Sea by Oil (1954).

Establishes controls on oil discharge into the sea
from ships. The Red Sea is considered a prohibited
zone where special protection applies.

International Convention for the
Prevention of Pollution from
Ships (MARPOL, 1973/1978).

Prohibits the discharge of oil and oily residues in the
Red Sea. Bans ships from dumping all garbage
except organic food wastes. Requires coastal states
to provide port services including oil and waste
disposal facilities.

Convention for the Prevention of
Marine Pollution by Dumping of
Wastes and Other Matter
(London Convention, 1973).

Regulates the disposal at sea of waste by ships,
aircraft, platforms and other structures into the
water.

Convention for the Control of
Transboundary Movements of
Hazardous Wastes and their
Disposal (Basel Convention
1989).

Countries complying with this convention should
report in advance the status of the materials carried
on board and the countries through which it will be
passing.

United Nation Framework
Convention on Climate Change
(UNFCCC) (Rio, 1992).

Countries complying with this convention should
exert every effort to limit the GHGs emissions, adapt
to, and combat, climate change.

Convention on Biodiversity (Rio,
1992).

Conservation of biological diversity, the sustainable
use of its components, and rights over genetic
resources.

Convention on Conservation of
Migratory

Protects species migrating across or outside national
boundaries by developing cooperative agreements,
prohibiting taking of endangered species, conserving
habitat, and controlling other adverse factors.

Species of Wild Animals (CMS,
Bonn 1979).
Convention on International
Trade of Endangered Species
(CITES).

Restricts trade in specimens of species currently
threatened with extinction or threatened by trade,
and permits Egypt to seek cooperation of other
nations in restricting trade of its wildlife.

In addition, the United Nations Convention on Law of the Sea (UNCLOS)
includes a dispute settlement mechanism for marine pollution. This mechanism
includes provisions for conservation and utilisation of living resources. Its
environmental provisions create an umbrella for more specific treaties. The Law
of the Sea is sponsored by the United Nations and has been opened for
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signature since 1982.
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3.

ANALYSIS OF ALTERNATIVES

3.1

CURRENT SITUATION ("NO ACTION" OPTION)

3.1.1

Electricity Demand
Egypt has a rapidly expanding economy that is dependent on the availability
of reliable and low cost electric power. The annual average rate of growth of
electricity demand in Egypt is expected to range between 6-7.5% during this
decade and beyond. Peak demand is expected to rise from 26,140 MWe in
2013/2014 to 62,000 MWe by 2022 and installed capacity is expected to
increase from 32,015 MWe to 68,000 MWe during the same period.
In 2013/2014, about 99% of the population was served by the Egyptian
electricity grid. Of total demand of 168,050TWh on the interconnected
system, about 7.94% was met by hydropower, principally the High Dam and
Aswan 1& 2, and the remaining was met with thermal power plants, of which
around 75.2% were supplied from natural gas and 24.8% heavy fuel oil.
The rate of growth in demand for electricity is forecasted to continue at the
aforementioned level for the next 15 years before gradually decreasing to a
growth rate of 5-6% per year over the subsequent 10 years.
In order to meet the forecasted demand, the Ministry of Electricity &
Renewable Energy (MoERE) estimates that more than additional 35,000
MWe of new generating capacity will be required during the next seven
years.

3.1.2

Electricity Generation and supply
Currently, the Egyptian Electricity Holding Company (EEHC) holds 16 affiliate
companies: 6 for power generation, one for electrical energy transmission
and 9 for electricity distribution. The Egyptian Electricity Transmission
Company owns and operates the high voltage electricity transmission system,
and the Electricity Distribution Companies own and operate the electricity
distribution system. High voltage electricity transmission through medium
voltage transmission system consists of over 38,400 km of 500 kV, 220 kV,
132 kV, 66kV and 33 kV transmission lines. Further expansion of the
transmission system is also planned.
In addition to EEHC, the power sector contains a few IPPs selling power to
EEHC: New and Renewable Energy Authority (NREA) Zaafarana wind farms
and three privately owned power plants under Build, Own, Operate and
Transfer (BOOT) financing schemes, and few IPs selling power in the
isolated market.
As mentioned above, the Six Electricity Generating Companies supported in
2013/2014 almost 29,280 MWe of installed capacity. This resulted in
168,050TWh of generated energy. Over 30 million customers have access to
electricity supply, representing about 99% of Egypt’s population.
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Table 3-1 shows the breakdown on existing installed capacity by fuel/
process type.
Table 3-1
Installed Capacity Corresponding to Power Plant Type, 2013/2014
Installed Capacity

Steam
Gas
Combined Cycle
Hydro
Renewable (Wind and Solar Thermal)
Total

MWe

% age

17,042
2,976
8,519
2,800
687
32,015

53.23
9.27
26.60
8.75
2.15
100

Source: Arab Republic of Egypt-Ministry of Electricity and Energy/Egyptian Electricity Holding Company,
Annual Report-2013/2014.

3.1.3

The "No Action" Option
The no action alternative will result in the demand for electricity exceeding
supply, with an increasing deficit as demand increases in future years. A lack
of a secure and reliable electricity generation and supply system has
significant social and economic implications, since it will:
constrain existing and future economic development and investment
through lack of energy resources to meet industrial demand;
restrict socio-economic development through lack of electricity
supply, or poor reliability and shortages in electricity supply for
domestic users, community and other public facilities and public
services;
inhibit provision of social services, including public health and
poverty eradication.
As a result, the "no action" option is not a viable or acceptable alternative to
the proposed project.

3.1.4

Planned Additional Capacity and the Burullus C.C. Power Plant
The EEHC has established a generation expansion plan which is intended to
achieve the following:
meet future demand for electricity;
maintain and improve generation and transmission reliability; and
introduce new technologies.
The expansion plan also corresponds to the national Government’s
development aspirations and growth poles of economic and industrial
expansion throughout the country. As part of this plan, the EEHC has
identified Burullus C.C. power project to help implement its expansion in
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generation capacity. Hence, the proposed project is compatible with and,
indeed, a fundamental part of the EEHC generation expansion plan to meet
existing and future demand for electricity.

3.2

ALTERNATIVE TECHNOLOGIES AND FUELS

3.2.1

Selection of the Proposed Technology
The EEHC has an objective to provide a secure, reliable electricity generation
and distribution system for Egypt. A key element in meeting this objective is
to establish a diverse range of technologies to avoid over-reliance on any
particular fuel or technology, which may adversely affect the ability to provide
electricity or meet the fluctuations in demand which occur on a day-to-day or
seasonal basis.
The EEHC generation expansion plan includes provision of the following:
gas/oil-fired steam units;
gas/oil-fired combined cycle units;
gas/oil-fired simple cycle combustion turbine units;
coal-fired steam units;
nuclear generation;
wind farms; and
integrated solar-thermal generating units.
pumped storage;
Other possible options include “importing electricity”, “rehabilitation of existing
power plants”, “transmission and distribution investment” and “IPPs”.
These technological alternatives constrained by the following:
Importing electricity: Egypt is interconnected to Libya and Jordan and
is exporting electricity to both countries. Interconnection to Libya has a
capacity of 300 MWe, and that of Jordan has a capacity of 350 MWe,
which was increased to 450 MWe in 2006. Libya and Jordan are
currently paying 4 US¢/kWh for the Egyptian power supply. As they are
net importers, there is currently not much scope for electricity imports to
Egypt from the interconnected networks. In addition, the cost of electricity
in both countries is much higher than that of Egypt, making it an
uncompetitive alternative. There is currently no south border connection
to Sudan, although there is an ongoing activities in the context of the
Sea Basin Initiative (NBI) whereby Egypt could potentially import
hydroelectric power starting approximately in 2017, if the price is
competitive. However, considering that the only available imported
electricity up to 2017 will be the 3,000MWe that will be obtained via the
Egyptian / Saudi Arabian interconnection project, which couldn't satisfy
alone the Egyptian increasing demand.
Renewable energy: Current world market cost of wind based electricity
is 5.9-7.38 US¢/kWh and soalr photovoltaic based electricity is 12-14

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 3- Page 3 of 20

US¢/kWh, whilst is 3.75 US¢/kWh with current grant financing for wind
projects, which is higher than the cost from natural gas thermal plants.
Therefore, renewable energy is not competitive unless further subsidies
are provided. Also, possible additions of renewable electricity up to 2022
under the present encouraging feed-in-tariff can not exceed 4,300 MWe
due to grid constraints.
Rehabilitation of existing power plants: EEHC has concluded that the
rehabilitation option is cost effective in seven of its existing power plants,
and these sites have already been rehabilitated. However, these efforts
are not enough to cope with the growing demand for electricity.
Transmission and distribution investments: EEHC has developed a
transmission and distribution (T&D) development plan and the T&D
system is optimized for the current load requirements and generation
capacity. To meet the demand growth for the fast track period and
medium term expansion, a T&D investment plan has been developed.
New electricity generation capacity is required in the network; therefore,
strengthening of T&D capacity alone will not replace the need for the
generation capacity. Furthermore, T&D losses are at a relatively low
level, around 10% on average, and reducing the losses further would not
free up the amount of electricity supply required.
BOOTs/IPPs: Three BOOT projects (650 MWe each) have been built in
Egypt in late 1990's and early 2000's. The government is encouraging
private sector participation in order to attract private investment.
However, given the worldwide reduction in investor’s interest in the
power sector, private financing for power generation in the near term is
still in process.
Consistent with the generation expansion plan, the EEHC has stipulated
that the Burullus should be gas/light fuel oil-fired Combined Cycle units
of a net 4(2x400+400) MWe generating capacity. The reasons for the
selection of this technology are as follows:
The steam cycle (SC) technology, which fires natural gas as a main fuel and
mazout as a back-up fuel, has been used for decades in Egypt. The plant
efficiency is around 46% with 600 MWe size drumless type super-critical
steam cycle, which exceeds the similar sub-critical unit efficiency with at least
4% ratio. The investment cost of Steam Cycle Super-critical plant, based on
recent worldwide market experience, is around US$ 1700/kWe (EPC basis
with multiple packages). The application of large scale gas turbine combined
cycle (CC) technology, which fires natural gas as a main fuel and diesel fuel
as a back-up fuel, has been operational since 2004 in Egypt. Plant efficiency
exceeds 50% and the investment cost, based on recent worldwide market
experience, is around US$760/kWe (EPC basis with multiple packages).
Given that CC plants show lower investment cost and higher plant efficiency,
there should be a distinguished rationale to justify why the C.C. technology
has been selected for the proposed project.
3.2.2

Alternative Fuels
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Natural gas has been selected as the main fuel for the power plant.
Compared to other fossil fuel generating technologies, gas fired gas turbine
generators have a relatively low emissions of carbon dioxide (CO2), moderate
emission levels of nitrogen oxides (NOx) and the lowest emission levels
(almost traces) of sulfur dioxide (SO2) and particulates.
The greenhouse effect is caused mainly by the build-up of carbon dioxide
(CO2), methane (CH4), nitrous oxide (N2O) and chlorofluorocarbons (CFCs) in
the atmosphere. Water vapour and ozone (O3) can also act as greenhouse
gases. For power generation processes, CO2 is the key emission of concern,
as methane and CFCs are not emitted by power plants and none of the other
greenhouse gases are emitted in sufficient quantities from power generation
to be considered important in terms of the greenhouse effect.
A comparison of the efficiency and CO2 emissions from natural gas-fired Gas
Turbine generators compared to other technologies and fuels is provided in
Table 3-2 below.
Table 3-2
Comparison of CO2 from Alternative Technologies for Power Plants

Technology
Steam Generators
- gas fired
Combined Cycle Gas Turbine
- gas fired
Combined Cycle Gas Turbine
- oil fired
Steam Generators
- coal fired
Pressurised Fluidised Bed
- pulverized coal
Integrated Coal Gasification Cycle
- coal-gas fired
Conventional Coal without FGD
- pulverized coal
Conventional Coal with FGD
- pulverized coal

Generating Efficiency

CO2 Emissions

(%)

(g per kWh)

36-45%

520

50-58%

360-420

Not available

600

42-48%

700-800

42-45%

740-840

40-45%

750-850

38-40%

820-950

36-40%

800-980

Source: EDF Port Said East SAE: EIA for Port Said East BOOT Steam Power Plant, Final Report, October
2000.

The efficiency of the proposed gas turbines power plant is 55-58% with
natural gas, with associated CO2 emissions of about 390g/kWh. This
compares with the efficiency of a typical CCGT power plant of 53-54%.
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Emissions of carbon dioxide are estimated to be up to 13,104 kilotonnes per
year (expressed as CO2). This assumes that the plant operates for the whole
year and consumes around 633.6 tonnes of gas per hour. The emissions of
CO2 from fuel burning in Egypt amounted to around 160,000 kilotonnes in
2000 (Ref: EEAA: Egypt's Second National Communication). Fuel
combustion will account for most of Egypt’s CO2 emissions from all sources.
Hence, the power plant as proposed will emit up to around 8.19% of the total
Egyptian CO2 emissions from fuel burning in 2000. This is an upper estimate
as the plant will not operate 100% of the year or at full load 100% of the time.
Natural gas, which is the main fuel to be used in the Burullus plant, contains
very low concentrations of sulfur or particulate matter, therefore the potential
for emissions of SO2 and particulates from the electricity generating process
are also very low. Fuel oil however, leads to greater emissions of SO2 and
particulates, due to the relatively high sulfur content of these fuels and the
generation of ash during their combustion.
Natural gas fuel also has the significant benefit over fuel oil of being able to
be delivered by an existing pipeline network, whereas oil requires delivery to
the power plant by road, rail and/or sea. The use of a pipeline avoids the
potentially significant environmental impacts of road, rail or waterborne traffic
and fuel unloading operations at a power plant. The very limited use of fuel
oil at the proposed plant does not justify use of a pipeline for this fuel.
Therefore, the selection of natural gas as the main fuel for the Burullus
Power Plant offers a range of environmental advantages over alternative
fuels.
Light fuel oil, which is less polluting than heavy fuel oil or mazout, is not
readily available in Egypt and its use would incur significant economical
impact on the project.
3.3

ALTERNATIVE DESIGNS OF THE POWER PLANT
There are a wide variety of potential designs for the proposed power plant
which consider technical, economic and environmental issues. Key design
features of the power plant which are related to environmental impacts are
summarized in Tale 3-4.

3.3.1

Cooling System
Three cooling systems are competing together, each one against the other
on the following basic:
1. Once-through Circulating Water System.
2. Cooling Tower System.
3. Air-cooled Condenser System.
Table 3-3 and Figures 3-1 through 3-6 gives technical comparison between
the two first systems.
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3.3.2

Stack Configuration

3.3.3

Stack Height

3.3.4

Air Pollution Control

3.3.5

Cooling Water Intake and Discharge Structures

3.3.6

Effluent Treatment and Disposal
Items 3.3.2 through 3.3.6 have been addressed on the basis of the key
design features selected for the power plant and are summarized in Table 34, together with general good practice included within its overall design and
layout, fuel and chemical storage facilities and pollution monitoring
equipment, the power plant offers a range of environmental benefits whilst
minimizing its potential site-specific impacts on the environment and ensuring
safe, secure and efficient operation.
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Table 3-3
Water Consumption in both of the Cooling Tower and Once-through Systems
Once-Through-Cooling
2646

m3/hr

2

m3/hr

Cooling water

80514

m3/hr

Total water usage
Cooling water abstracted from the Mediterranean Sea is
returned back totally to it.
Actual water consumption of the abstracted
water.
Water treated directly into water body.

83180
83,100

m3/hr
m3/hr

Service water
Boiler make-up water

Temperature increase of discharge water
(normal operation) to Sea.

0.07
83,100

+7

Cooling Tower

(11.11%consumed=0m3 /hr and 88.89% recycled=
2,352m3 /hr)
average value can be exceeded during startup/shut-down (60%consumed=1,2m3/hr and 40%
recycled= 0,8m3/h)
(0%consumed=0m3/hr and 100% recycled=
80514m3 /hr)
(consumed=80m3 /hr, recycled=83100m3/hr)
(22.37m3/sec. per module)

%
m3/hr

K

All effluents within world bank limits.
Is understood as water which will be treated in the
power plant and given back to the Mediterranean
Sea
max Sea water temperature +29°C, i.e. max
discharge water temperature +38°C
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2646

m3/hr

2

m3/hr

47556

m3/hr

2666
1873

m3/hr
m3/hr

58.8

%

1,568.2

+7

m3/hr

K

29%consumed=774m3/hr and 71% recycled=
1872m3/hr)
average value can be exceeded during startup/shut-down (60%consumed=1,2m3/hr and
40% recycled= 0,8m3/h)
Closed Cooling Circuit. Make Up and Discharge
are included in Service Water
(consumed=793m3 /hr, recycled=1873m3/hr)
( 0. 520m3/sec. per module)

All effluents within world bank limits.
Is understood as water which will be treated in
the power plant and given back to the
Mediterranean Sea
max Sea water temperature +29°C, i.e. max
discharge water temperature +38°C

Figure 3-1
Water Balance of the Burullus Power Plant
(Once-through System)
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Figure 3-2
Block Flow Diagram - Water Balance of the Burullus Power Plant
(Once-through System)
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Figure 3-3
Water Balance Main Qualities at Boundaries of the Burullus Power Plant
(Once-through System)
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Figure 3-4
Water Balance of the Burullus Power Plant
(Cooling Tower System)
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Figure 3-5
Block Flow Diagram - Water Balance of the Burullus Power Plant
(Cooling Tower System)

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 3- Page 14 of 20

Figure 3-6
Water Balance Main Qualities at Boundaries of the Burullus Power Plant
(Cooling Tower System)
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Table 3-4
Key Design Alternatives for the Burullus Power Plant
Item
Stack
Configuration

Summary of Alternatives
The HRSG generating units in the C.C.
power plant each require an exhaust for
combustion gases. Alternative configurations
are:
• eight separate stacks,
• less number of separate stacks,
The Gas Turbine generating units also
require an by-pass stack, each.
The eight stacks-either for C.C. or simple
cycle- will have an appropriate diameter
each, which will provide good dispersion
through buoyancy effects. The visual
appearance of the power plant will change
with stack configuration.

Selected Design
The power plant is primarily
designed with eight HRSGs, each
with 60m height single stack, and 8
by-pass single stacks, one for each
gas turbine each with 60m height,
which will be used when the plant
run for simple cycle only, which
provides good buoyancy and
dispersion of the emissions. This
also gives an acceptable visual
impact.

Stack Height

The stack can be a range of heights.
Dispersion is improved by increasing the
stack height, but engineering requirements,
e.g. structural support and foundations, and
associated costs are also increased with
stack height. Clearly, the higher the stack the
greater the visual impact, but the higher the
stack the better dispersion of atmospheric
emissions.

The stack height was tentatively
defined as 60 m at minimum via
atmospheric modeling carried out for
Burullus Power plant by AMG in July
2015, which is in excess of the Good
Engineering Practice (GEP) stack
height.

Air Pollution
Control

There is a range of technologies which may
be used to minimize emissions from the
power plant, which can be divided into two
categories:
• fuel combustion controls;
• “end-of pipe” gas cleaning.

The new Gas Turbine Units are dry
NOx type, i.e. equipped with lowNOx combustors, minimizing the
emission of NOx which is the key
pollutant associated with combustion
of natural gas.

The most effective approach is to control
combustion of the fuel such that the
production of the emissions is minimized,
obviating the need to use gas cleaning
equipment ( which addresses the results
rather than the source of emissions). End- ofpipe solutions are also expensive compared
to combustion controls.

Detailed design has also considered
further NOx reduction techniques,
such as over fire air ports.

The use of Natural Gas will result in a clean
operation without need to control equipment.
The use of Light Fuel Oil (LFO) for
emergency operation will result in SO2
emissions and particulates, but will not be
used for more than 170 hrs. during the year.

Air pollution control systems will
ensure compliance with both the WB
and EEAA emission standards for
power plant.

Light Fuel Oil will be used in
emergencies only and for a period
not exceeding 2% of operating time.
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Item
Cooling
System

Summary of Alternatives

Selected Design

There are 3 generic cooling systems which
may be used:
• direct (once-through) water cooling;
• indirect water cooling using evaporative
cooling towers;
• air cooling via air cooled condensers.

Indirect water cooling using
evaporative cooling towers will be
used, which having acceptable
generating efficiency, minimizes
impacts associated with international
waterways, minimizes water
requirement per day for power plant
operation and ameliorates average
anticipated characteristics of
discharge, particularly temperature
rise at the point of discharge.

Direct water cooling maximizes the
generating efficiency of a power plant, but
requires large quantities of cooling water and
the construction of intake and outfall
infrastructure. However, all abstracted water
for cooling is returned back to the water body
with zero loss of water.
A cooling tower system (closed system) uses
less water, but is associated with lower
generating efficiency and visible plumes of
water vapor which causes salt drift and can
cause ground fogging. Although cooling
towers use less water they result in a net
water loss which needs to be compensated
by make-up.

A sustainable water is available from
the Mediterranean Sea and the
intake and outfall structures can be
constructed without significant
environmental Impacts.

Air cooled condensers (closed system) have
the lowest generating efficiency but do not
use water, although noise and visual impacts
are higher than for the other options.
Service &
Cooling
Water Intake
and Outfall
Structures

The service & cooling water intake and
outfall may have a range of alternative
designs, which affect dispersion of the
thermal plume:
• Relative locations on the Sea bed
(which control potential re-circulation
(re-entrainment) of warm water into the
intake);
• Design (flow rate, flow velocity, height
above seabed orientation, .. etc).

The cooling and service water intake
and outfall infrastructure is located
such that there will be no effects on
the operation of the power plant
through re-circulation (reentrainment)of warm water from the
cooling water discharge into the
intake structure.
The orientations, flow rates and flow
velocities of the intake and outfall
are designed to avoid scour of the
Sea bed and change to
sedimentation and to meet the
Egyptian regulation for flow velocity.
The height of the intake and outfall
above the Sea bed are designed to
avoid any potential interference with
Sea navigation.
The intake orientation, flow rate and
velocity are designed to minimize
entrainment of fish and other marine
organisms. Fish screens are also
fitted to the intake.
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Item

Summary of Alternatives

Selected Design

Source of
Potable
Water
Supply

There are three alternatives for providing
potable water to the power plant:

Treated plant water will provide
water for human uses in the power
plant, including drinking.

Effluent
Treatment
and
Disposal (*)

•

local potable water network of the Kafr
esh-Sheikh Governorate, which could be
extended to the site of the power plant;

•
•

treated water in the power plant; and
provided potable water in jerry cans.

There is a range of technologies which may
be used to treat effluent from the power
plant.
The main effluent characteristics of concern
are pH, suspended solid material and
oil/grease residues.
These characteristics may be treated by:

•
•
•

pH adjustment by acid/alkali addition;
filtration of suspended solids;
interception of surface oily substances;

The treatment system consists of
modules for treating wastewater
streams generated by the power
plant. This is achieved by selectively
combining some of these waste
streams and providing treatment as
required prior to routing to the
disposal system.
Effluent treatment systems will
ensure compliance with the Egyptian
EEAA and World Bank discharge
standards for power plants.

Due to the development programs in the
area surrounding the site, available options
for disposal of the plant’s treated effluent are
to a mains sewer, an existing wastewater
treatment plant, or a local watercourse.
Otherwise, the only available discharge route
will be direct to Sea.
The plant includes a wastewater treatment
facility.
Use of Water
Treatment
Chemicals

There is a range of proprietary water
treatment chemicals available for use in
power plants.
The approach to the use of water treatment
chemicals is determined by the quality of the
raw feedwater, requirements of the power
systems to operate safely and efficiently and
management of the power plant. The use of
water treatment chemicals is inherent in the
operation of the power plant, although how
the chemicals are used can be controlled.

The use of water treatment
chemicals will be reduced to the
minimum required to achieve safe
and efficient operation of the power
plant. The control of the use of water
treatment chemicals will include
consideration of the type of
chemical used (Chlorine will be
added to the cooling water system to
control bacterial and algal growth
instead of sodium hypochlorite to
avoid formation of huge quantities of
salt), dosing regime and control of
residual concentrations in the
process effluent and cooling water
discharge.

Note:
(*) Processed waste water will be used for irrigation. Wastewater is monitored for pH prior to use.
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3.4

ALTERNATIVE SITES
The site location has been allocated to the Mid-Delta Electricity Production
Company (MDEPC), an affiliated company to the Egyptian Electricity Holding
Company (EEHC) by the Endorsement Decree of the Executive Council of
Kafr esh-Sheikh Governorate dated 25 November 2014.

3.4.1

Identification of Candidate Sites
Three sites were considered for the proposed project, namely Safaga, Sharm
esh-Sheikh and Burullus. Relatively, the Burullus was preferred to Safaga
and Sharm esh-Sheikh sites, mainly because of the higher cost for
connection to cooling water, make-up water and the gas network, in addition
to the electricity grid due to the greater distance to the load centers.
The key criteria used in the evaluation of the alternative sites by the EEHC/
MDEPC were as follows:
Economic factors:
- capital costs;
- operation and maintenance costs;
- requirement for natural gas;
- requirement for cooling water;
- demand loads for electricity; and
- requirement for electricity transmission lines/sub-stations.
non-economic factors:
potential environmental impacts on physical, ecological and socioeconomic environments; and
- site development.
-

Potential environmental impacts have been examined for all sites. Screening
level assessment during feasibility study indicated that the level of
environmental impacts will be relatively constant for all the three sites.
According to the Investment Map and Land-use Map of Egypt, the Burullus
site has been designated to national development. As a result, the Burullus
on the Mediterranean Sea area has been identified as the centre of load for
current and future electricity demand in the region.
Compared to other alternative sites, the Burullus on the Mediterranean Sea
site was found to be the most effective site for the following reasons:
Minimal additional infrastructure requirements are needed.
A workers colony might not be required during construction as the
power plant will use the local workforce from Kafr esh-Sheikh,
Damietta, Gharbyyah, and Port Said Governorates and the surrounding
towns and villages.
Desirable benefits for development of the site area.
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In addition, the power plant will be constructed and operated on a land
originally allocated for power generation activity, thus it will not include any
land take. Also, the power plant site will bring socio-economic benefits to the
wider Burullus Region, through employment opportunities, supply contracts
and the effects of project expenditure within the local economy.
The key findings of the consideration of alternative sites are summarized in
Table 3-5. The consideration of alternative sites by the MDEPC/EEHC
indicated that Burullus has no significant disadvantages and has several
beneficial aspects for other developments in the Burullus area, and desirable
site development characteristics. Therefore, Burullus was selected as the
preferred site for the power plant.
Table 3-5
Key Findings of the Consideration of Alternative Sites
Site

Key Findings

Safaga

Remote, "desert field" site, hence a new colony for workers would be required
with potential socio-economic conflicts.
Extensive infrastructure requirements needed, resulting in higher costs and
potential environmental impacts.

Sharm
esh-Sheikh

Relative to Burullus site, significant infrastructure requirements needed, resulting
in higher costs and potential environmental impacts.

Burullus

Minimal additional infrastructure would be required.
Cost-effective site for development (first lowest of the three alternative sites).
A workers colony might not be required as the project will use the local workforce
from wider Burullus area.
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4.

DESCRIPTION OF THE PROPOSED PROJECT

4.1

PROJECT INFRASTRUCTURE
The Burullus facility will consist of four modules, each of (2x400+400) MWe,
Combined Cycle electric generating station firing natural gas as the primary
fuel and sollar (light fuel oil) as an emergency fuel. In addition, Sollar oil will
be used as a start-up/warm-up fuel. The development of Burullus Power
Plant will consist of the infrastructure presented in Table 4-1 and Table 4-2.
The proposed site of the power plant and the easements for the associated
infrastructure are shown in Figure 4-1.
Table 4-l
Main Infrastructure for Burullus Combined Cycle Power Plant

Infrastructure

Brief Description

Comment

Power plant

4,800 MWe power plant comprising four
modules, each is composed of two Gas
Turbine units of 400 MWe capacity and
Steam Turbine unit of 400 MWe capacity,
using natural gas as the main fuel and Sollar
(oil no. 2) to be used in emergency situations
for limited hours.

Power plant is the subject of this
ESIA report.

Cooling and
Service water
supply

Abstraction and return of cooling and service
water from/to the Mediterranean Sea
through intake and discharge structures.

Cooling and service water supply
is required and subject of this
ESIA.

Fuel supply

Natural gas supply via a connection gas
pipeline routing and the emergency fuel
Diesel oil to be transported by trucks from
nearest refineries) to the power plant site.

Gas connection pipeline is the
subject of a separate ESIA by
GASCo, if required.

Power
evacuation

Direct connection by overhead transmission
line into the new 500 kV switchyard and
500kV OHTL network.

New off - site connection
transmission lines are required to
evacuate power generated and
need a separate ESIA by EETC.

Potable water
supply

Potable water will be obtained from the new
power plant water supply system.

No separate ESIA report is
necessary.

Sewer Line

The power plant has its own sewage
treatment plant. Treated wastewater will be
used for plantation program of landscaping
the power plant site.

Plant sewer treatment system is
the subject of this ESIA report.
Therefore no separate ESIA
report is necessary.

A gas reducing station will be
used for the new modules. Supply
of emergency and start up fuel
(light fuel oil) by trucks are
included in this review.
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Site access road

Access from Cairo via Cairo / Alexandria
Desert Highway and Coastal International
Road.

No new road is required.

There is only entrance to the site through the
Coastal International Regional Road .
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Table 4-2
Supporting Infrastructure
Infrastructure Type and Brief Description

Logistic buildings, including administration building, offices, workshop, warehouse,
laboratory and gate house.
Gas handling facilities, for metering and control of gas delivery.
Fuel feeding system for both natural gas and alternate fuel.
Handling system needed for the periodic maintenance of the equipment.
Fire fighting facilities including emergency supply.
GIS switchgear with 500 kV outgoing feeder lines.
Ventilation and air conditioning.
Chemical laboratory.
Communication system.
Site drainage, site lighting and perimeter wall (3 m height) .
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Figure 4-1 (A)
Proposed Site of the Burullus Combined Cycle
Power Plant and its Easements
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Figure 4-1 (B)
Proposed Site of the Burullus Combined Cycle
Power Plant and its Easements
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4.2

DESIGN OF THE BURULLUS POWER PLANT

4.2.1

Overview of Burullus Power Plant
The preliminary design, layout and engineering aspects of the proposed
power plant are being developed by the Consultant on behalf of EEHC/
MDEPC.
The design of the plant is based on high quality electric utility standards and
uses proven technology and equipment. The plant has been designed to
produce low cost power without compromising quality, reliability or availability.
The plant will consist of the infrastructure presented in Figure 4-2.
The project will include the following main components:
1. Conventional combined cycle station, comprising eight 400MWe
combustion turbine generators, eight Heat Recovery Steam Generators
and four steam turbine generators, each of capacity 400 MWe. The gas
turbine units are primarily fired by natural gas but are also capable of
running on sollar in emergency situations.
2. The facility will be designed to include a power block consisting of eight
400MWe (nominal, ISO condition) combustion turbine generators (CTGs),
each feeding exhaust gases to its receptive Heat Recovery Steam
Generator (HRSG).
3. Steam generated from the eight HRSGs of the power block will feed four
400 MWe (nominal), reheat, condensing steam turbine generators
(STGs).
4. Circulating water for service water and wet cooling towers system, with
the main pumps and associated piping, the intake and discharge
structures, the screening system, the chlorination system and the
cathodic protection system;
5. The estimated facility net output will be approximately 4,800MWe
(nominal, ISO condition). This output will be achieved when burning
natural gas in the combustion turbines with no supplementary firing in the
HRSGs. The steam exhausted from the steam turbine will be discharged
into an water cooled condenser.
6. Power generated will be stepped up through main transformers and fed to
the national unified grid via the 500 kV, gas-insulated switchgear (GIS)
conventional switchyard.
7. Connection to the Egyptian Unified Power System (EUPS) through the
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500kV gas insulated switchgear (GlS) switchyard operated by the MDEPC
(the power shall be transmitted through new connections to the overhead
transmission lines).
8. Service water supply shall be provided by the abstracted water from the
Mediterranean Sea.
Key features of the design of the power plant include:
The conventional combined cycle power plant will be capable of dual fuelling,
operating on natural gas or sollar oil in emergency cases.
The power plant will operate a wet cooling towers system.
Desalinated water will be utilized in the HRSGs system after filtration and
demineralization prior to its use.
4.2.2

Design and Layout of the Power Plant
The proposed design and layout has been developed with regard to the following
factors and considerations:
1. technical requirements for construction, operation and maintenance;
2. design of a safe power plant taking account of the relative locations of
equipment and the relationship of the overall plant to the environment,
particularly sensitive receptors to environmental impacts;
3. compliance with regulatory requirements;
4. presence of existing services;
5. provisions and mitigation measures to avoid or minimize any potential
environmental impacts;
6. primary access and secondary roads to maintain satisfactory accessibility
for equipment and personnel.
Provisional layout drawing of the proposed power plant is provided in Figure 4-2.
The final layout of the power plant and detailed design will be completed by the
Consultant and Mid Delta Electricity Production Company’s (MDEPC’s)
Contractors who will construct the power plant.
In general, the site can be split into three main components, namely:
1. fuel handling area, which includes storage tanks for the sollar oil.
2. main power production island, which incorporates the main HRSGs,
Combustion-Turbine Generators (CTGs), the chemical feed unit and the
connection facilities including power transformers and 500 kV switchyards;
3. main water coolers; and
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4. water and wastewater treatment facilities.
The outline design and layout used as the basis for the assessment incorporates
all of the key features of the power plant and, where appropriate, conservative
assumptions have been made to ensure that all potential environmental impacts
are considered and evaluated.
4.3

PROCESS DESCRIPTION

4.3.1 Electricity Generating Process
The typical steps in the generating process for each gas-turbine unit at the power
plant, and the key features are as follows:
1. The key inputs to the generating process comprise natural gas or sollar oil, which
will be delivered to the site via underground pipeline (gas) or by road (sollar oil).
2. Natural gas (or sollar oil when natural gas is unavailable) will be mixed with air
and combusted to generate power and hot exhaust gas, which will be used to
generate steam from demineralized water to drive steam turbine serving
electrical generator.
3. The steam is cycled from the Heat Recovery Steam Generators through the
turbine to condenser. The condenser is cooled by a wet cooling towers system.
The condensate is then returned for recirculation within the Heat Recovery
Steam Generators.
4. The final exhaust gases will be discharged to the atmosphere via each boiler's
stack for each CTG unit in accordance with emission standards set by the EEAA.
The main by-products from combustion of natural gas are carbon dioxide (CO2),
water vapour, carbon monoxide (CO) and nitrogen oxides (NOx). Sulfur dioxide
(SO2) and particulates, which are typically associated with coal and oil
combustion, will not be produced other than in trace quantities during natural gas
firing. When sollar oil is used instead of natural gas, SO2 and particulates will
also be key emissions from the power plant.
4.3.2

Grid Connection
The electricity produced by the unit generator will be fed into a step up main
transformer. The output is delivered into the 500 kV GIS switchyard by means of
500 kV GIB bus for connection with the Egyptian Electricity Transmission
Company (EETC) power transmission system. Electricity will be evacuated off
site by high voltage transmission line (500kV). The interconnection point is the
transmission line terminal to the gantry of the 500 kV GIS switchyard. EETC will
connect and operate double circuit 500kV transmission line between the plant
and the national network.
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4.3.4

Fuels

Natural Gas
Natural gas will be transported to the site via a gas pipeline operated by "City
Gas". At the outlet of the reducing gas station, the gas pressure is 7 bar. The
average gas consumption is estimated as about (8x22=) 176 kg/sec (633.6
tons/hr). for four modules. The design characteristics of the natural gas are
given in Table 4-3(a) below.

Fuel Oil
The light fuel oil will be delivered to the site via trucks from tank yard area of
nearest refinery to the power plant site. Hence, sollar is supplied to the tanks
at the tank yard area of the power plant.
Light fuel oil will be stored (for all modules of Burullus power plant) on site in:
two, 45,000m3 tanks for light fuel oil,
The light fuel oil tanks are situated in two separate retention areas designed
to retain 110% of the storage capacity.
It should be noted that Sollar oil may also be used to fuel the emergency
generator. However, the use of this fuel will be very limited: Sollar oil will only
be used in the event of an emergency due natural gas disconnection or
shortages of supply. Therefore, the use of Sollar oil is not considered in the
EIA.
The characteristics of the fuels which will be used by the power plant are
summarized in Tables 4-3(a) and 4-3(b).
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Figure 4-2 (A)
Provisional Layout Drawing of the (C.C.) Power Plant

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 4- Page 10 of 52

Figure 4-2 (B)
3D Arrangement Drawing of the Burullus C.C. Power Plant
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Table 4.3 (a)
Characteristics of the Fuel Gas to be Used
by the Power Plant (Minimum Specification of the EEHC)
Composition
N2
CO2
C1
C2
C3
IC4
NC4
IC5
NC5
NEO-C5
C6+
Total
M.WT
G.C.V, BTU/SCF

Rich, Mol

Lean, Mol%

0.06
3.022
85.506
8.346
1.87
0.391
0.421
0.141
0.091
0.003
0.149
100
19.18
1102

1.049
0.227
95.684
2.907
0.122
0.005
0.003
0.002
0.001
0
0
100
16.68
1021

Quality of Gas
The quality of gas delivered to Owner at the delivery point shall at all times be free
from dust, gums, oils, impurities and other objectionable substances and shall:
Contain a maximum of zero decimal one mole percent (0.1%) of oxygen.
Contain a maximum of three decimal zero mole percent (4.0%) of carbon
dioxide.
Contain a maximum of four (8) parts per million by volume hydrogen sulfide.
Contain a maximum of one hundred and fifty (150) milligrams of total sulfur
per standard cubic meter with average mercaptans of fifteen (15) milligrams
as sulfur per standard cubic meter.
Have a water dew point below zero degrees Celsius (0oC) at a pressure of
seventy (70) kg/cm2 gauge.
Form no hydrocarbon condensates or hydrates above five degrees Celsius
(5oC) at any pressure below the delivery pressure.
Have a gross calorific value within the limits of not less than nine hundred
and eighty (980) BTU per SCF and not more than one thousand, one
hundred and eighty (1180) BTU per SCF.
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Table 4.3 (b)
Characteristics of the Fuel Sollar Oil (Oil No. 2) to be Used
by the Power Plant (Minimum Specification of the EEHC)
Parameter
Density @ 15 oC, gm/ml
Flash Point P.M.C., oC min
Viscosity
Kinematic @ 40 oC, centistokes
R1 @ 40oC
Pour Point, oC max.
Water & Sediment, % vol max.
Conradson Carbon, % wt. max.
ASH Content, % wt. max.
Total Sulfer, % wt. max.
Copper Strip @ 100oC (3HRS), max.
Distillation
- 90% distelled @, oC
- Residue After Dist, @ 370 oC % vol.
Sodium & Potasium Content, ppm max.
Calcium Content, ppm max.
Vanadium Content, ppm max.
Lead Content, ppm max.

Value
0.82 – 0.85
55.0
1.9 – 4.1
30.0 – 36.0
4.5
0.10
0.10
0.01
1.0
DIV.1
350.0
2.50
2.0
2.0
1.0
1.0

All on-site fuel storage will be in specified tanks within bunded areas with
controlled drainage facilities.
4.3.3

Operational Use of Raw Materials
Water Consumption
The water balance for the power plant is outlined in Figure 4-3 at 100% load.
Water from the Mediterranean Sea will be used for the main condenser wet
cooling towers system and as the heat sink for the auxiliary equipment closed
cooling water system. The Sea water will also be used as the source for the
water treatment plant which will provide makeup water to the main cycle closed
loop cooling system. Potable water will be obtained from the plant water
system.
Plant Water Requirements per One Module are as follows:
Service water(1): 2,646.0m3/hr
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(29% consumed (2)= 774 m3/hr and 71%
recycled(3) = 1,872 m3/hr)
Boiler make – up water : 2 m3/hr [average value can be exceeded during
start-up/shut-down]
(60% consumed= 1.2 m3/h and 40% recycled= 0.8 m3/h)
Cooling water : 47,556 m3/hr (Closed Cooling Circuit)
[Make-up and Discharge are included in Service Water]
Total water usage : 2,666 m3/hr
(consumed = 793 m3/hr, recycled = 1,873 m3/hr )
Cooling water abstracted from the Mediterranean Sea (0.520m3/sec. per
module, i.e. 1,872 m3/hr.). Actual water consumption is around 58.8% of the
abstracted water.
Water treated directly into water body (1873 m3/hr) [All effluents within
EEAA/WB limits. Is understood as water which will be treated in the power
plant and given back to the Mediterranean Sea].
No disturbance to the Sea flow is expected either upstream or downstream.
Hydrological/hydraulic study is carried out and the study revealed that no
impact is expected and the temperature rise of the discharge water at the
point of discharge is limited to +7oC and the mixing zone is limited to 50-70m
distance with 5oC above ambient, which is diluted to 3oC at a distance
between 100 and 150 m with full compliance with Egyptian Law 48/1982 and
WB regulations.
Max. Sea temperature +29 °C, i.e. max discharge water temp. +38 °C.
MWRI is in full agreement with EEHC regarding its plan for water abstraction.
The total volume of water used in each process is shown in Figure 4-3 (A, B&C).
The water will be abstracted from the Mediterranean Sea to meet the power
plant cooling water and process water requirements.

Consumption of Process Chemicals
Table 4-4 provides a list of process chemicals which will be used by the power
plant. The main use of process chemicals at the power plant will be for
pretreatment of Sea water, control of pH and oxygen scavenging in the Steam
Generators system and prevention of biofouling in the intake water pipes and
the condenser cooling system.
In addition, a range of oils, detergents and solvents will also be used at the
power plant in small quantities for general plant operation and maintenance, e.g.
lubricating oil, hydraulic control fluid, detergent and paints and solvents.
Careful storage of the chemical substances will be a priority. All chemicals will
be stored in suitable containers, tanks or vessels and in bunded areas with
controlled drainage facilities.
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Table 4-4
Provisional Inventory of Process Chemicals(1)
to be Used at the Power Plant
Substance

Rate of Use
(kg per hour)

On-site Inventory and Storage

Circulating Water Chemical Feed System
Chlorine

5500

100 m 3
50x2-m 3 tanks

Boiler Water Pretreatment System
Coagulant (aluminum sulfate or equivalent)

4.0

8.0 m 3 solution
40x25 kg bags

Polyelectrolyte

0.1

6 m 3 solution
40x25 kg bags
or
4 m3
3
2x2m portable totes

Boiler Water and Feedwater Chemical
Feed System
Ammonium Hydroxide
(28%NH 4OH or equivalent)

50.0

10 m 3 bulk storage tank

Oxygen scavenger
(35%N2H2 or equivalent)

5.0

1.5 m 3 dry tank

Sodium phosphate compounds
(di-or tri-phosphate or equivalent)

0.4

8 m 3 tank

1000 (infrequent
once per day)

30m 3 tank

Demineralization System
50% sodium hydroxide
(caustic soda)
98% sulfuric acid

7000 (infrequent
once per day)

Condensate Polisher
40-50% sodium hydroxide
(caustic soda)

1500 (infrequent
once per day)

93-96% sulfuric acid

1500 (infrequent
once per day)

Closed Cooling Water System
Corrosion inhibitors
(sodium nitrite, molybdate-based or
equivalent)

30m 3 tank

0.8 m 3 tank
0.8 m 3 tank

Infrequent
5kg every 3
months

6x2081 drums
or
4m 3
3
2x2m portable totes

Wastewater Treatment System
40-50% sodium hydroxide
(caustic soda)

0.3

0.25 m 3 day tank plus bulk storage with
demineralization system

93-96% sulfuric acid

0.2

0.25 m 3 day tank plus bulk storage with
demineralization system

Coagulant (aluminum sulfate or equivalent)

1.4

0.25 m 3 day tank plus
bulk storage with demineralization
system

Notes:
(1) All process chemicals will be sourced by local licensed dealers and will be handled according to
instructions and precautions described in the Safety Data Sheets.
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Figure 4-3(A)
Water Balance of the Burullus Power Plant
(Cooling Tower System)
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Figure 4-3(B)
Water Balance of the Burullus Power Plant
(Cooling Tower System)
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Figure 4-3(C)
Water Balance of the Burullus Power Plant
(Cooling Tower System)
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4.3.6

Cooling System
Cooling Water Abstraction and Discharge
The power plant will utilize wet cooling towers system using water abstracted
from the Sea.
The key features of cooling system are as follows:
Raw water will be taken from the Mediterranean Sea through the future
intake basin and treated and screened by a trash rack and travelling
screens system to remove solid materials prior to use. The water will then
be transferred to the power plant by pipe, where make-up water will go to
the wet-cooling towers system to compensate evaporative water and the
rest of water go to the many uses of service water in the power plant.
Discharge pipe will return the treated waste water from the power plant to
the Mediterranean Sea through a Sea well and outfall basin.
The future outfall structure will be positioned and designed to avoid recirculation of warm effluent waste water from the discharge into the
intake for Burullus Power Plant.
The outfall structure will be designed to provide optimum velocity
discharge into the Sea in order to create efficient mixing and reduce the
potential for a thermal plume of water at elevated temperature compared
to ambient Sea water. At the exit of the outfall, the temperature of the
used waters will be elevated by approximately 7oC above the ambient
water temperature; however the water temperature rapidly decreases
due to mixing and will always be within the allowable temperature rise
(10ºC with maximum ambient water temperature 38ºC).
Abstraction and Discharge Technology
Abstraction of water to the power plant will be based on a pipeline Sea water
abstraction system, with a total flow of approximately 0.74 m3/sec (i.e.
2,666m3/hr). Outside the limits of the plant, the water structures consist of the
following:
Shoreline Crossing between the power plant fence and the
Mediterranean Sea, the shoreline will be crossed by underground pipe.
These will be entirely buried so that access to the shoreline is not
impaired.
Inlet and Outlet Structures
The location and form of the water piping (intake/discharge and associated
pumping station) will be identified during detailed design of the power plant.
The design of the water inlet and outlet system will take into account the
results of the analytical and physical models to assess the dispersion of the
discharge of used water in the Mediterranean Sea. In particular, the location,
orientation and flow rate of the outfall will be designed to ensure that the
increased temperature of the discharge will not have any significant thermal
effects on the Sea and that there will be no increase in temperature at the
intake to the system for Burullus C.C. Power Plant (and, therefore, will not
affect the operation of its water system and, consequently, will give
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satisfactory results for the “Law for the Environment” (Law 4/1994- Law
9/2009) and the "Law for Protection of the Mediterranean Sea" (Law
48/1982).
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4.3.7

Water Treatment Equipment
Water needed for plant operation will come directly from the Sea. Before use
it has to be treated. Liquid effluent is also treated prior to discharge. The
water treatment facilities located on site include the following:
clean water production plant;
desalination equipment (plant and water storage tanks);
demineralization plant and condenser make up system;
chlorination equipment for water storage;
demineralized water storage;
waste water treatment equipment; and
sewage treatment system.
Clean Water Production
The Sea water cleaning plant supplies clean, filtered Mediterranean Sea
water to the wet cooling towers system closed circuit heat exchangers, and
the electrochlorination and desalination plant.
Desalination System
The desalination system is an Ejecto compression process. Suspended and
dissolved solids contained in Sea water are removed, in order to produce
desalinated water. Desalinated water is stored in two tanks, each with a
capacity of around 4,000 m3.
Demineralization Plant and Make up Condenser
The demineralization system consists of injecting soda or acid into the water
according to a function of pH level and provides:
make up water of required quality to satisfy boiler and turbine
requirements;
high purity water to the laboratories, sampling and analysis system,
closed cooling water, and any other system where dissolved salt and gas
contamination is unacceptable; and
high purity water required during the pre-operational period (cleaning,
testing, etc.).

Waste Water Equipment
The waste water treatment system treats the liquid wastes from the power
plant and produces an effluent suitable for discharge into the outlet structure
and the Sea. The waste water produced by the power plant will be limited.
The treated effluents will comply with Egyptian environmental regulations and
World Bank guidelines. All the oily wastes are collected in a separate network
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and sent to an oil separator. The oil reservoir is fitted with a slipover weir to
allow skimming of the separated oil layer at the desired depth. The oil
collected in the reservoir flows by gravity to an integral oil holding tank and
taken off site by a licensed contractor.
The effluent from the demineralisation plant (acid and soda) will be released
to the environment after neutralisation.
Sewage Treatment System
Sewage treatment plant will treat sanitary wastes. All sanitary water will be
directed after treatment to the plantation irrigation network and residual
sludge will be collected in septic tanks and taken off site by licensed
contractors. There will be no direct release to the environment.
Clean Water Source
Clean water of the Kafr esh-Sheikh Governorate system (the many Ezbets to
the southern part of the site: Ezbet Halawa, Izbat Ash-Sheikhah, Izbat
Quddah and Kom Al Qasabah) will be used for construction activities and
sanitary use and will serve plant uses during construction.
Water requirements during operation will be supplied by the desalination
plant on site. All drinking water will be supplied by the plant water system.
4.3.8

Supporting Infrastructure
In addition to main items of plant and equipment used to generate electricity
and to the cooling water system, the following supporting infrastructure will
form part of the power plant:
Gas handling facilities, for the metering and control of gas delivery.
Electrical connection GIS to the Burullus C.C. Power Plant 500kV
switchyard.
Storage tanks for Sollar oil.
Raw water treatment system for boiler feedwater make-up.
Wastewater treatment.
Site services.
Security visitor gate house.
Administrative building.
Lighting.
Workshops and stors.

4.3.9

Life Expectancy of the Power Plant
The design life for the power plant and the associated infrastructure is 25
years.
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With careful maintenance and replacement and refitting of equipment within
the power plant as required, the life expectancy of the power plant may be
safely extended beyond 30 years if required (e.g. to 30-35 years).
4.3.10

Off-site Information Requirements
The development of the Burullus C.C. power plant design will include the
provision of its own cooling system using water abstracted from the
Mediterranean Sea, which is considered within this EIA report.
The power plant may also require the provision of the following infrastructure:
gas pipeline;
potable water pipeline; and
sewer pipeline.
The only other off-site infrastructure required to serve the power plant is the
electricity transmission system, which will be available from the development
of interconnection network of the power plant. The development of the power
plant will include transformer and GIS connection to the 500 kV switchyard,
which is considered within this EIA report.

4.4

OPERATIONAL RELEASES TO THE ENVIRONMENT

4.4.1

Pollution Control Systems and Abatement Technology
The power plant will include a range of measures designed to avoid or
minimize releases to the air, water or land (solid wastes). These measures
are summarized in Table 4-5.
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Table 4-5
Summary of Pollution Control and Abatement Systems
Release

Pollution Control/Abatement System

Air Emissions

Under normal operating conditions, the plant will fire natural gas which is the cleanest
fossil fuel available. Light fuel oil (Sollar) will only be used as an emergency fuel (for
max. of 170 hours per year).
60 m high stack which is in excess of Good Engineering Practice.
The CGTs are fitted out with “Low NOx” combustors for gas and fuel oil operation, in
order to reduce NOx emissions. The stack height has been designed in order to
optimize the pollutant dispersion.

Noise Emissions

The CGTs will be equipped with silencers and the steam turbine generator set will be
enclosed in a building. All the outdoor equipment will be designed for 85 dB (A) at 1
meter.

Emissions to Water

Oil effluents will be collected and treated in an oil/water separator before discharging.
Sewage effluent will be collected and treated in a sewage treatment system before
licensed disposal outside the plant.
Water used in the main water cooling system (open system) is not polluted by
chemicals. The circulating water temperature increase will not exceed 7oC higher than
the Mediterranean Sea water under normal conditions.

Generation and
Disposal of Solid
Wastes

4.4.2

A natural gas power plant does not produce significant amounts of waste. All solid
wastes will be stored on-site before being evacuated by a licensed contractor.

Operational Releases from the Power Plant
During operation, the key releases into the environment from the power plant
will be comprised of the following:
During natural gas firing the exhaust gases will normally be comprised of
nitrogen oxides (NOx), CO2 and traces of CO. In the case of Sollar firing,
SO2 and particulates (PM10(1) and TSP(2)) will also be emitted. The
emission limits are set out in Table 4-6;
The power plant may also use Sollar oil to fuel an emergency operation
when natural gas is disconnected or suffer shortages in supply. Hence,
the potential emissions from the use of Sollar oil will be low.
noise emissions from the plant equipment;

______________________________
(1)
(2)

PM10 : Thoracic Particulate Matter (size < 10 µm).
TSP : Total Suspended Particulates.
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liquid effluent, including treated waste water, sewage water, waste and
rain water as set out in Table 4-7;
solid wastes, including solids removed from the wet cooling towers
system, sludge from tanks and interceptors, waste water treatment, and
general office and canteen waste, as set out in Table 4-8, all of which will
be disposed of at suitably licensed waste disposal sites.
Materials Handing
During normal plant operation, a range of products will be delivered to the
power plant. Bulk materials (such as natural gas and light fuel oil) will be
imported via pipelines and others (such as machinery, diesel, lubrication oil,
chemicals, spare parts) will be delivered by road in shipments of drums,
packages or road tankers. These shipments will be logged and appropriately
stored as required under Egyptian and World Bank requirements and
guidelines.

Table 4-6
Inventory of Emissions to Air from the Power Plant (per CGT unit, 100% Load)
[Ceiling Values of both the Egyptian & the W.B. Standards]
Emission Concentrations (mg/Nm3)(1)

Emission Type
Design
Point

Unit
NOx
(or NO2)
SO2

TSP&PM1
0

CO

3

mg/m
g/sec.
mg/m3
g/sec.

64
44
0.00
0.00

mg/m 3
gm/sec.
mg/m3
gm/sec.

<5.00
<5.00
124
85.5

World Bank Standards

Egyptian Standards

Natural Gas

Fuel Oil

Natural Gas

Fuel Oil

51

152

500

500

150

1300

50

100

100
-

250
-

N/A(2)
N/A(2)
Not Specified
Not Specified

Use of 1% or
less S fuel (NDA)
Use of 0.5% or
less S fuel (DA)
50 (NDA)
30 (PA)
Not Specified
Not Specified

Notes:
(1) Values taken at 15% O2, 273 °K and 1 Bar in dry fumes and for 100% load.
(2) Not Applicable.

It should be noted that in Table 4-6, all parameters for World Bank standards
are normalized to standard conditions: 273oK, 101.3 kPa, 15% oxygen, dry
gas emission rates are presented for 100% load as a worst case on a per unit
basis. It has been assumed that there will be 1000 hours per year of forced
outage, 7590 hours of natural gas firing, and 170 hours of sollar firing.
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Table 4-7
Inventory of Liquid Effluents Generated by the Power Plant (One Module-Conceptual)

Release

Source

Maximum
Flow Rate
at 100% Load
1,872 m 3 per hour

Discharge Route

Cooling water

Cooling Towers
system

HRSGs blowdown

HRSGs system

2 m 3 per hour

To wastewater basin
and then to discharge
system (1) after treatment

Backwash from HRSGs
water filtration

2nd stage filtration
system for boiler

9.3m3 per hour

To wastewater basin
and then to discharge
system (1) after treatment

Feed

Via water discharge
structure (WDS)

Oil/water interceptor
effluent

Oil/water interceptor
system

10m3 per hour

To wastewater basin
and then to discharge
system (1) after treatment

Domestic sewage(2)

Domestic system
associated with
offices, canteen,
washrooms, etc.

3m3 per day

Wastewater
neutralization effluent(2)

Wastewater
neutralization tank of
demineralization
system

2m3 per hour

Sewage treatment plant
and then to the
plantation irrigation
network
To wastewater basin
and then to discharge
system (1) after treatment

Operational site(2)
drainage

Hardstanding areas of
operational plant,
bunded areas,
transformer compound
and fuel oil handling
areas

Intermittent

To wastewater basin
and then to discharge
system (1) after treatment

Rainwater run-off (2)

All other areas, via
storm sewer and
stormwater balancing
pond

Intermittent

To wastewater basin
and then to discharge
system (1) after treatment

Notes:
(1) Discharge system for industrial effluents includes water treatment and then discharge to the Mediterranean
Sea.
(2) These effluents could be directed to the Burullus sewer network when extended to the site of the power
plant.
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Table 4-8
Inventory of Solid Wastes Generated by the Power Plant (Conceptual)
Solid Waste

Source

Maximum Generation
(ton per year)

Discharge Route

Wastewater basin
sludge

Build-up of solid
residues in
wastewater
treatment system

Very low (<1 ton per
year), requiring
disposal once every
5 years

Licensed dump
site (1)

Sewage sludge

Sludge produced by
sewage treatment
plant

Very low (<1 ton per
year), requiring
disposal once every
3 months

Licensed
contractor to the
city sewer system
or dump site (1)

Tank sludge

Solid residues which
build-up in fuel and
process chemical
storage tanks

Negligible

Licensed dump
site(1)

Interceptor sludge

Drainage
interceptors used to
remove solids and
oils and grease from
effluent

Very low (<1 ton per
year), requiring
disposal once every
6 months

Licensed dump
site(1)

Commercial waste

Offices, canteen and Negligible
staff facilities

Licensed
contractors

Trash Rack and
Travelling Screen
Wash

Trash rack and
travelling screen

Sanitary landfill
site

Variable

Notes:
(1) Dewatering and pressing processes will be applied to all wastewater sludges before disposal.
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4.5

OPERATIONAL MANAGEMENT AND STAFFING

4.5.1

Process Control
The power plant will be controlled from a central control room, which will
contain all the process control computing facilities. All main plant variables
will be displayed on "mimic displays", which will reflect the current operational
status of the plant.
Safety measures, controls and instrumentation will be provided through
distributed control system (DCS), which will continuously monitor operating
conditions and be capable of automatically initiating shutdown if required.
Hence, process control will have a high integrity and operator intervention will
not be required to guarantee the safety of the power plant.

4.5.2

Operational Organization
The Operation and Maintenance (O&M) of the power plant will be performed
by the Project Company, MDEPC. There will be personnel dedicated to the
Operation and Maintenance services for the power plant.
The organization of the plant is headed by a management group, including a
Plant Manager and one assistant in charge of environment, safety and quality
control.
Plant Manager
The Plant Manager will be responsible for the general management of the
O&M activities of the plant. His duties will include the obligation to ensure that
the plant is satisfactorily operated and maintained.
Assistant Plant Manager
The Assistant Plant Manager is in charge of environment, safety and quality
assurance, specifically:
for environment and safety, he is responsible for the formulation and
implementation of fire fighting, safety and environmental and social
management policy; and
for quality assurance, he is responsible for ensuring that all operating
procedures and standards are correctly applied for the day-to-day
operation and maintenance of the plant. He will also develop and
produce standards, policies and procedures.

Operations Manager
The Operations Manager is responsible for the operation of the plant. The
Operation Department is responsible for:
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receipt, preparation and handling of fuel;
management of the water system including water supply, water treatment
and cooling water, general purpose water and wastewater treatment;
laboratory operations;
steam and power generation;
grid liaison;
emission control equipment; and
environmental monitoring.
Maintenance Manager
The Maintenance Manager is responsible for the maintenance of the power
plant and his department is responsible for providing maintenance service for
the power station equipment and structures.
4.5.3

Staffing
The power plant will employ approximately 500-700 people.
The power plant will be manned for 24 hours per day, 7 days per week.
During a normal working day, 420-600 employees will be on-site. During
night-time and holidays, 120-150 employees will be on-site.
In addition, specialist contractors will be employed for specific tasks, such as
modifications to the plant, equipment overhauls, etc.

4.5.4

Staff Facilities
The power plant will include facilities for its staff in a multiple stories building
adjacent to the main power plant buildings. These facilities will comprise
office accommodation, lavatories, a prayer room and conference rooms.

4.5.5

Staff Training
All staff will undergo integrated training in the following:
general operation of the power plant;
specific job roles and procedures;
occupational health and safety; and
contingency plans and emergency procedures.
The staff training will comprise:
induction training on appointment;
specialist training (as required for the prescribed job role); and
refresher training as required (typically annually).
The training program will be designed to ensure that appropriate skilled staff
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are available to operate the power plant at all times.
4.5.6

Operational Expenditure
The typical annual operational expenditure at the power plant will be around
US$4 million (as a 20-year average), although during periods when major
maintenance is carried out the expenditure could rise to over US$7 million in
a particular year. It is expected that 70% of the operational expenditure will
be spent locally, on labor, consumables, equipment repair, general
maintenance, etc. The payroll (including benefits and overtime) is expected to
be approximately US$ 2.3 million per year.

4.6

OPERATIONAL ENVIRONMENTAL HEALTH AND SAFETY
The environmental, health and safety (EHS) plan for the operation of the
power plant is described in Section 8.
The design, construction and operation of the power plant will comply with
the applicable requirements of Egyptian and World Bank guidelines related to
environment, health and safety (see Section 2). The health and safety of the
workforce and the local population and protection of the environment are of
paramount importance in the design and operation of the power plant.
As part of the procedures which will be implemented, personnel shall receive
training in safety procedures and awareness. Appropriate safety measures
shall be observed for all operations. Where appropriate, the necessary
protective clothing shall be provided.
A detailed record will be kept of any injuries and accidents and a monthly
report will be prepared with the aim of undertaking corrective action to
prevent them from reoccurring.
Routine inspections shall be carried out on particular items of equipment
according to specified schedules. Only approved equipment will be used. The
plant will be maintained in a state of safe operation and repair such that it is
in accordance with all relevant statutory regulations and environmental
requirements. This will include staff training plans, shut down plans,
emergency response plans, emergency contacts etc. which will be adopted
during both the construction and operation of the plant.
The operational environment, health and safety plan will include provisions to
monitor compliance with the key provisions of the Egyptian and World Bank
guidelines listed in Table 4-9.
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Table 4-9
Key Components of the Operational Environmental,
Health and Safety (EHS) Plan
Provisions within the Operational Environmental,
Health and Safety Plan

Issue

Atmospheric emissions and ambient
air quality

Ambient air quality standards.
Emission limits.
Specific conditions for fuel use.

Liquid effluent discharges

Discharge limits.
Specific conditions for development on
the Sea shoreline.

Noise emissions and ambient noise
levels

Noise emission limits applicable to land
use zone.

Solid
and
management

Specific conditions on storage and
handling of hazardous waste.

hazardous

waste

Occupational environmental
management and health and safety

Ambient air quality standards for the
workplace.
Ambient temperature standards for the
workplace.
Noise limits for the workplace.
Specific conditions on electrical safety
in the workplace.
Specific conditions on working in
confined spaces.
General conditions on health and
safety.
Specific conditions on personnel
training.
Specific conditions on record-keeping
and reporting.

Use of chemical compounds

Specific conditions on the use of related
chemicals.
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4.7

CONSTRUCTION ACTIVITIES AND PROGRAM

4.7.1

Construction Program and Schedule
The construction program of CGTs is planned to be completed within 26
months (from site mobilization till start reliability run of the first unit). Figure 44 gives the milestone summary schedule of the Burullus C.C. power project.
The key phases and activities within the construction program are shown in
Table 4-10. The normal hours of working for construction are shown in Table
4-11.

4.7.2

Construction Materials
Preliminary estimates of the main construction materials which will be
required to construct the power plant, excluding specialist plant and
equipment, are set out in Table 4-12.
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Figure 4-4
Milestone Summary Schedule of the Burullus
Combined Cycle Power Plant, 4 (2x400+400) MWe Capacity
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Table 4-10
Summary of Construction Activities
Activity

Indicative
Timing from
Mobilization

Description of Activities

Construction
Start and Site
Set-up

Mobilization, establishment of temporary site offices,
installation of temporary utilities, site survey.

Months 1-2

Preliminary
Works

Establishment of temporary facilities, topsoil stripping,
excavation, construction of site roads access, drainage,
services, fencing.

Months 1-4

Earthworks,
Piling and
Foundations

Piling, establishment of base slabs, footings, pits and
foundations.

Months 4-8

Steel work

Construction of steel frames for buildings and support of plant.

Months 8-10

Installation of boilers, steam turbine generators, etc.

Months 10-26

Wet Cooling
Towers System

Trenching and laying of on-land pipelines (intake & outfall
water pipes).

Months 11-16

Mechanical and
Electrical
Installation

Installation of pipework, pumps, compressors, cooling water
ducts, power cabling and switchgear process controls, HVAC,
pumps, motors, fans heat exchangers.

Months 16-20

Auxiliaries

Installation of switchgear, transformers, gas transfer facilities,
water treatment plant.

Months 22-26

Major Plant
Installation

Table 4-11
Normal Hours of Working for Construction
Day of Week

Hours of Normal Working

Saturday-Thursday
Friday

07:00-03:00 hours (1), 03:00-07:00 hrs.
Work continues to be undertaken as
needed to reduce time to meet target
dates.
Work continues to be undertaken as
needed to reduce time to meet target
dates.

Holy Days and Holidays (2)

Notes:
(1) Holy Days and Holidays include Christmas Day, Eid-El-Fitr, Sham El Nessim, Sinai Day, Labor Day, Eid-ElAdha, Moslem New Year, Revolution Day, Prophet's Birthday (El-Mawled EI-Nabawy), Armed Forces Day.
(2) Construction work between Saturday and Thursday will be undertaken in two 10 hour shifts.
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Table 4-12
Preliminary Estimates of Construction Materials

Construction Material

Quantity
(tonnes, unless otherwise stated)
(preliminary)

Cement powder
Fine aggregates (1)
Coarse aggregates (2)
Reinforcing steel
Structural steel
Potable water
Raw water

20,000
26,300
39,500
5,000
4,200
220,000m3
30,000m3

Notes:
(1), (2) Sourced by licensed contractors from designated quarries.

4.7.3

Construction Workers
the Consultant / MDEPC will seek to utilize qualified contractors with
demonstrated performance in the construction of power plants and of
construction projects in the region. Wherever practicable, local employment
opportunities will be maximized.
The construction workforce is anticipated to be typically 1200-1500 people,
rising to 2000-2500 people during the peak construction periods.
Most fabrication will take place prior to delivery to the site and all erection of
structures and installation of equipment will use local craft labor, including the
following professions:
engineers;
CGTs manufacturers;
HRSGs makers and installers;
carpenters;
cement masons;
electricians;
iron workers;
millrights;
pipefitters;
teamsters;
laborers; and
welders.
It is likely that the majority of the craft labour will be employed from Kafr eshSheikh, Damietta, Gharbyyah and Port Said Governorates with approximately
10-15% originating from close to the proposed site.

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 4- Page 37 of 52

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 4- Page 38 of 52

4.7.4

Construction Traffic
Construction activities will generate heavy traffic. Construction work will be
carried out in two shifts: 07:00-17:00 hours and 17:00-07:00 hours.
In the first stage of construction, the main traffic generated will be from civil
works activities (concrete materials, reinforcement, earth moving equipment,
construction materials, paint, steel structure, concrete pipes etc.).
In the second stage, heavy equipment will be transported on site. Oversize
transport will also be used for the transport of special equipment such as
turbines, stator alternators and condenser bundles.
The anticipated levels of construction traffic accessing the Burullus Site are
summarized in Table 4-13 and the section below.
Table 4-13
Summary of Traffic Generated During Peak Construction
Vehicle Type

HGV(1)
Car/LGV(2)
Minibus
Abnormal Load(3)
Total

Day Shift
(07:00-17:00 hours)
Hourly
Daily

10
43
39
2
94

100
86
78
4
268

Night Shift
(07:00-17:00 hours)
Hourly
Daily

5
23
21
0
44

20
46
42
0
88

Notes:
(1) Assume that all HGVs travel to and from the site during the daytime shift.
(2) Assume that 75% of the construction workers will travel by contract bus at an occupancy rate of 10 per
vehicle. The remaining 25% of the work force will travel to and from the site by car at an occupancy rate of 3
per car.
(3) The timing of deliveries of abnormal loads will be agreed with the Competent Authority; however, it is
assumed that these deliveries will occur during the night shift to minimize road congestion. There will be
approximately 35 abnormal loads during construction.

Heavy Goods Vehicles (HGVs)
The volume of HGVs traffic will vary throughout the construction period.
During peak HGV activity, it is expected that there will be approximately 100
HGV loads, i.e. 200 HGV movements, each day. Throughout the whole
construction period, the average number of HGVs traveling to and from the
site is expected to be 10-30 HGV loads or a maximum of 60 HGV movements
on the road network each day.
In addition to these, approximately 35 abnormal loads are anticipated to
arrive at the plant over the construction period. It is unlikely that any more
than two such loads (i.e. four individual movements) would be necessary on
_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 4- Page 39 of 52

any day during the construction of the power plant.
4.7.5

Construction Safety
The Contractors will be required to develop and implement a construction
Quality Control Program. A key part of the Quality Control Program will be a
Health and Safety Plan, which the construction contractor(s) will be required
to comply with as a condition of contract.

4.7.6

Fire Protection
The site fire protection system will be to NFPA (National Fire Protection
Association, the American Standard) codes.
The fire protection water supply and storage system provides water under
pressure to the site protection system, which then supplies water to the fire
hydrants, hose stations and fixed water suppression systems within buildings.
Water for fire fighting will be supplied by the on-site water feed unit and
stored in the water tanks. Systems will be fitted to ensure that this reserve is
maintained. Two pumps will then provide water to the following major
components of the fire protection system:
underground yard piping and valves;
fire hydrants and accessories; and
hydrant hose reels.
Fire protection equipment will include fixed water suppression systems,
standpipes and hose stations, portable water and CO2 extinguishers,
independent fire detection systems, and fixed foam suppression systems (for
light fuel oil tank and transformers).

4.7.7

Environmental Management During Construction
The Project Company recognizes that construction activities need to be wellmanaged and controlled to avoid potential environmental impacts from noise,
dust, odor, effluent, traffic and other forms of disturbance by construction
workers and fixed or mobile plant.
Each subcontractor who operates on site will be responsible for the tidiness
of its own working areas as well as for the transport and correct disposal of
all its waste, scrap and spills, in accordance with all local laws and
regulations.
The construction activities will incorporate a range of mitigation measures to
minimize the potential for environmental impacts to occur (see Section 7 of
this ESIA report).
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Appendix – 4/A
SUMMARY ON THE GAS TURBINE GENERATORS TECHNOLOGY

General Plant Description
The Energy Solution of Siemens Power & Gas division provides herewith a typical description for a
Combined Cycle Power Plant (CCPP) based on H-class Gas Turbine in a 2- in-1 Multi-Shaft
arrangement (SCC5-8000H 2+1) with Once-Through Cooling of the Gas Turbine with Mediterranean
Sea water. In order to protect the Mediterranean Sea environment the plant will be equipped with
Wet-Cell-Cooling Towers for cooling of the Steam Turbine Condenser and thus limiting the river water
extraction to the quantities required for GT & ST equipment cooling and make-up water production for
the Wet-Cell Cooling Towers. Such combination of cooling methods ensure saving the environment
and will be beneficial for the operation of the plant specially during seasons when the Mediterranean
Sea carries low water levels.
The plant reflects the proven Siemens’ modular approach to power plant design and at its heart is the
SGT5-8000H gas turbine. This gas turbine is tested on the field since December 2007 to mid 2009 as
unit Arching 4.
The H-class gas turbine, being the first new frame developed since the merger of Siemens and
Westinghouse is the result of an intensive research & development programme aimed at developing
a competitive, efficient and flexible fully-air-cooled engine. It combines the best features of both
companies’ existing product lines with advanced technology.
The typical Combined Cycle Power Plant is made up of standardized modules. The main modules
being: the gas turbo set, the steam turbo set, the HRSG, water-steam cycle equipment and the
electric power and control systems. Combined Cycle Power Plants in this multi shaft configuration is a
choice for plants with multiple gas turbines and were built on several sites worldwide.
Brief Conceptual Design of the Typical Plant
The project comprises of design, erection and installation, commissioning and testing of a power plant
under the specific conditions at Burullus site and following features.
-

Multi-shaft design 2x1
Natural gas fuel
Designed for base, intermediate and peaking load
High degree of automation

The Typical plant is based on: - one 2-on-1 multi shaft configuration which includes the following main
equipment:
-

Two (2) Siemens STG5-8000H gas turbine incl. all its auxiliary and ancillary systems (EconoPac)

-

One (1) Siemens SST5-5000 steam turbine including all its auxiliary and ancillary systems,

-

Three (3) Siemens SGen5-2000H hydrogen cooled generators

-

Two (2) heat recovery steam generator HRSG (Benson Type), triple pressure with reheat

-

Electrical components for the Siemens Scope of Supply, including GT and ST Turbosets.

-

The I&C control system SPPA T-3000
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-

Once-Through-Cooling (OTC) system for gas turbine and steam turbine equipment

-

Wet-Cell-Cooling Towers (WCT) for the water steam cycle condensing plant

-

Mechanical BOP-Equipment

Early open cycle operation of gas turbines
In order to achieve the Employer’s request for early power generation the GT’s will be equipped with
bypass stacks. For Burullus site 6 GT’s will be capable to operate in open cycle operation mode. The
bypass system will be designed with so called T-pieces which allow conversion into combined cycle
operation mode after HRSG, Steam Turbine and water steam cycle erection have been completed.
The capability of operating in open cycle mode will be maintained for the 6 GT’s by offline adjustment
of the exhaust gas path.
Brief Description of the Main Components
Gas Turbine

The combustion turbines are of single-casing design. The gas turbines burn natural gas.
The basic design has been adopted from long history of previous gas turbine models, including the
following features:
– Disc-type rotor with central tie bolt and radial serrations
– Two journal bearings and one thrust bearing
– Generator drive at compressor intake end
– Axial exhaust diffuser
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Figure: 3D longitudinal cross section of the SGT5-8000H gas turbine
The rotor is supported by two journal bearings and one thrust bearing. The journal and thrust bearing
are located at the compressor side, and the second journal bearing at the exhaust side of the turbine.
The rotor is an assembly of disks, each carrying one row of blades, and hollow shaft sections, all held
together by a pre-stressed central-tie bolt. Hirth serration provides the alignment of disks and hollow
shaft sections to allow free radial expansion and contraction, and transmit the generated torque. The
turbine rotor is internally air-cooled.
Each ULN burner consists on the upstream side of the 8 main nozzles swirlers mounted to the support
housing, the pilot nozzle located in the center of the bolting circle of the mains, the basket with the
head end assembly and the flow sleeve.
The annular arrangement provides a remarkable uniformity of the exhaust-gas temperature field over
the full cross-sectional area of the turbine inlet. This is attributable to the fact that the burners in the
Platform Combustion System form a continuous ring, thus eliminating hot and cold spots. The Ultra
Low NOx technology suppresses thermal NOx formation without injection of steam or water. The
combustion system uses 5 fuel stages which allow flexible tuning over the whole range of engine
operation conditions (ignition, idling, part- and base load). The system is designed to operate over a
wide range of fuel quality and preheat temperatures.
This combustion system combines all the advantages of optimal combustion, including:
– Low NOx and CO emissions
– Low pressure drop
– High operating flexibility
– Optimal size and number of burners
– Compact design with good accessibility
The gas turbine is factory assembled and shipped adequately for convenient field erection.
Generators, SGen5-2000H, for the Gas Turbines and the Steam Turbine
The two-pole SGen5-2000H generator has direct radial hydrogen cooling for the rotor winding and
indirect hydrogen cooling for the stator winding. The hydrogen filled generator casing is a pressureresistant and gas-tight construction and is equipped with end shields at each end. The hydrogen
cooler is divided into four sections, two arranged at each generator end. The three-phase winding
inserted in the stator core slots is a two-layer transposed-bar design. The winding is vacuum pressure
impregnated together with the stator core. The high-voltage insulation is provided according to the
proven MICALASTIC system. The generator rotor shaft is a vacuum-cast forging and has two endshield sleeve bearings. The hydrogen is circulated in the generator interior in a closed circuit by axial
flow fans arranged on the rotor shaft journals. A gas system contains all necessary equipment for
filling, removal and operation of the generator with purging gas, hydrogen or air.
An excitation transformer is used to take the excitation current from the auxiliary power system. A
start-up frequency converter is provided for start-up of the turbine generator unit. The generator acts
as a motor in the converter mode to start the gas turbine set without additional rotating prime mover.
The converter forms part of the static excitation equipment.
Features of the generator:
– Highest efficiency
– Proven epoxy-mica insulation system of stator winding
– Low maintenance costs
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Figure: 3D- Longitudinal Section of the Generator (SGen5-2000H)

Steam Turbine and Condenser
The proposed turbine for the Multi Shaft Combined Cycle will comprise one combined HP/IP
casing and one double-flow low-pressure casing. All components are standardized
modules. The turbines are of the tandem compound design. The individual shafts of the
steam turbine cylinders are coupled rigidly together.

Figure: Longitudinal Section of the SST5-5000 Steam Turbine
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With the compact design of the HP/IP turbine hot steam conditions are confined to the
middle of the casing. On the other hand the glands at the casing ends are in regions of
relatively low steam conditions. Temperature decay is much slower when compared to the
design with individual turbine casings. Consequently, the start-up times of compact turbines
are significantly shorter, saving precious fuel.
As the name compact implies, this design requires less space that leads to savings with
respect to the civil structures.
This Steam turbine combines all advantages of optimal steam turbine design, including
– highest efficiency
– highest availability
– easy maintenance
– low time expenditure for inspections
– trouble-free operation at any load required by the system
Condensing Plant
The condenser is a box type surface condenser. The steam space is of a rectangular cross
section in order to achieve optimum utilization of the enclosed volume for the necessary
condensing surface. The condenser is located beside the LP turbine and forms an integral
part of it.
The steam dome, shell, hot well, and the water boxes are steel fabrications. The condenser
is fixed to the foundation beneath. Thermal expansion will be accommodated by means of
Teflon pads.
The double flow LP turbine outer casing is connected to the condenser via the steam dome.
The steam dome is welded to the exhaust casing of the turbine with the result that the LP
turbine cylinder and the condenser form one unit.
There are two water ring pumps with air jets (ELMO units) for evacuation installed. During
normal operation, only one pump is in operation. For shortening the evacuation time during
start up both pumps can be taken into operation
Benson-Type Heat Recovery Steam Generator (HRSG)
The HRSG is a triple pressure reheat natural-circulation Benson-type steam generator and
generates steam in a high-, an intermediate- and a low-pressure section.
A condensate pre-heater is integrated in the HRSG. This arrangement enables higher
efficiencies of the combined cycle power plant, by using the exhaust gas energy to preheat
the condensate before it is directed to the feedwater pump and into the LP-System.
Instrumentation and Control (I&C)
To meet the technical, economical and environmental aspects of modern power plants,
SIEMENS has developed the digital control system "SPPA-T3000". Structure and redundant
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concept of SPPA-T3000 ensure maximum availability and reliability.

SPPA-T3000, I&C system, will be used for the control of the gas turbines, steam turbines,
balance of plant and auxiliary systems. It is based on open standards in hardware and
software technology. Therefore it can benefit from the continuous innovations being made
in microelectronics.
Electrical Plant
The electrical plant is designed to ensure sufficient and reliability power supply for the
Siemens Typical scope in all modes of operation, using well proven standardized equipment
complying with VDE, IEC and DIN regulations.
The electrical and electronic equipment is arranged in container-type enclosures (Power
Control Center, PCC), which are pre-assembled, and factory tested.
The HV equipment inside the power plant comprises of main transformers, generator bus
duct, generator circuit breaker is part of the scope of supply.
Following voltage levels have been considered:
– 11 kV for LV-transformers and motors larger than approx. 250 kW
– 400/230 V AC for the AC loads
– 230 V AC uninterruptible power supply for control and monitoring system
– 220 V DC for protection, switchgear control and emergency oil pumps
– 24 V DC for I&C-system
The auxiliary loads are connected to different voltage levels in accordance with their
function and power rating requirements.
Plant Layout/ Civil Works
The design and construction of the buildings and foundations will comply as far as
practicable with Siemens standard building and layout concept.
The turbine buildings are a compact structural-steel building design of simple rectangular
design and contain gas turbine and generator with their associated components.
The gas turbine auxiliaries are arranged mainly on a steel platform at approx. +6,00 m level
beside the gas turbine. The lube oil system, which is common with the generator, is
arranged in an area at the ground floor level.
The air-intake filter house is located on a steel structure above the building structure for the
GT generator and auxiliaries. The filtered air is led straight into the gas turbine compressor
by means of an aerodynamically optimized steel-fabricated duct, in which a silencer is
installed.
Fuel Gas Supply
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The fuel gas is to be delivered in the required quality and quantity with the necessary
minimum fuel gas pressure to the terminal point as specified (approx. 42 bar(g)). The
terminal point is located at the eastern plant boundary as indicated in the plant arrangement
drawing. Further details of the operation media requirements will be adapted for project
specific needs. The fuel gas compound UEN comprises the metering of the gas flow to the
gas turbine, the fuel gas efficiency (or performance) pre-heater and other components.
Power Plant Personnel Training
In order to ensure an economic, safe operation and maintenance of the Siemens scope of
supply, a specific training program for the operating personnel is part of the typical scope.
Power Plant Identification
The Identification System for Power Plants (KKS) is used as a basis for identifying all
essential plant components of the power plant.
The identifiers will be used in all important project documents such as
– Descriptions
– Drawings
– System circuit diagrams
– Lists
Operating and maintenance procedures
Quality Management

Considering QM as an issue of utmost importance, Siemens as a supplier and service
provider of power plants has a strong commitment to all aspects of QM covering all project
stages including the whole project management and especially the site management during
the construction, commissioning and testing stage as well as during operating plant
services.
This commitment documented in the company’s strategy is born by the managing board
and is maintained throughout the whole organization. The central statements with respect
QM are founded on commitments of the managing board.
The QM activities have clearly been displayed in all power plant projects and have been
audited and certified by authorities concerned. The CERTIFICATE OF APPROVAL may
serve as a reference.
For this project our company will perform QM related activities based on ISO 9001 and the
contractual assigned international or national standards.
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Appendix – 4/B
SUMMARY OF WET CELL COOLING TOWER SYSTEM DESCRIPTION

I

Table of Contents

II

Systems, Abbreviations

1
2
2.1
2.2
2.3

Task, Function and Design
Modes of Operation
Preparations
Start-up and Shutdown
Operation, Closed and Open Loop Controls
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Systems
GM
PAB
PAC
PAD
PAR
PSB
PUS
URA
URD
URL

Plant Drainage System
Circulating Water Piping and Culvert System
Circulating Water Pump System
Cooling Tower
Cooling Tower Make-up Water System
Cooling Tower Blowdown System
Biocide Generation System
Cooling Tower Structur
Cooling Tower Pump Building
Cooling Tower Return Culvert

Abbreviations
B/D
CLC

Blowdown
Closed Loop Control

CONDR

Condenser

CTRL

Control

CTWR

Cooling Tower

CW

Cooling Water

CWP

Circulating Water Pump

DCM

Drive Control Module

DISTR

Distribution

F

Flow

INL

Inlet

INTK

Intake

I-V

Isolating Valve

L

Level

LVL

Level

M OF 2

Mean Value of 2

OUT

Outlet

P

Pressure

PRES
SETP
SGC
SLC
SYST
T
YFH
&EFA030

Pressure
Setpoint
Sub Group Control
Sub Loop Control
System
Temperature TEMP Temperature
Function Chart Overview Level (UAS)
Function Chart Overview Level (DCC)
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1

Task, Function and Design

The cooling tower system PAD performs the following objective:
- Cooling of the circulating water and service cooling water
The cooling tower system PAD fulfills the following requirements:
- Cooling of the circulating and heat transfer to the ambient air by evaporation of part of
the circulating water
- Distribution of the circulating water to the cooling tower cells
- Adjustment of the required cooling capacity and ensuring optimum circulating water
temperatures in the required operating modes (full load, part load, heat extraction)
- Warming up of the circulating water circuit in case of isolated cooling tower cells via an
overflow bypass
- Distribution of the circulating water over the cooling tower spray field
- Supply of cooling air to the cooling tower spray field
- Collection of the cooled circulating water in the cooling tower basin
- Storage of the required circulating water operating volume in the cooling tower basin
during power plant outages
The design of the cooling tower system PAD is based on:
- Heat flow diagrams
- Cooling tower noise requirements
- Ambient air conditions
- Circulating water temperature and allowable temperature range
- Requirements of part load operation
- Water analysis
The wet cell cooling tower consists of 14 individual cells which are connected in blocks of
four cells via 3 risers to a common distribution duct. In addition two cells are connected via a
common riser to the same distribution duct.
The cells can manually isolated on the water side with cell dedicated CW distribution valves
§0PAD11…27AA001 for maintenance reasons.
To ensure the minimum flow of the circulating water pumps PAC, e.g. during start up or in
case of several isolated cells, one riser is equipped with two overflow bypasses. These
bypasses route the circulating water flow directly to the cooling tower basin.
Each cooling tower cell is equipped with a motor driven fan §0PAD11…27AN001 to
increase the air flow through the cooling tower. Thereby the cooling efficiency of the cooling
tower is improved. The cells are taken into and out of operation depending on the
circulating water temperature by fan start-up/shutdown.
The circulating water is pumped by the circulating water pumps §0PAC11/12AP001
through the circulating water system PAB into the water distribution system of the cooling
tower and is distributed through the risers to the spray fields of the cell pairs/cell groups.
After having passed the cooling tower spray fields, the cooled water is collected in the
cooling tower basin and flows through the cooling tower return culvert URL to the intake pit
of the circulating water pump building URD.
An adjustable flow rate is led to the cooling tower blowdown system PSB to prevent
unallowable concentration of nonvolatile components. The water loss due to evaporation
and blowdown is made up by supply of make-up water from the system PAR into the intake
pit URD. The functions and operating modes of the make-up water supply system PAR and
the cooling tower blowdown system PSB are described in the system description of the
circulating water system PAB10.
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2
Modes of Operation
2.1
Preparations
The following preconditions have to be fulfilled to start the cooling tower system PAD:
- The circulating water system PAB is ready for operation
- The cooling tower basin URD is filled up to operational level
- The make-up water system PAR and the connected system, the biocide generation
system PUS and the cooling tower blowdown system PSB are available
- The gear boxes §0PAD11…27AU001 of the fans and the associated oil systems are
ready for operation
- The fan brakes are released. (Availability of fan brakes depends on the detailed design
of the vendor.)
The cooling tower system PAD takes over its function if the circulating water system PAB is
started.
2.2
Start-up and Shutdown
The cooling tower is started by the SGC COOLING TOWER §0PAD10EC001, which is
initiated from the unit coordination program §1/§2CJA00EA001.
If the temperature setpoint is exceeded, the cells are taken in operation one by one by
means of the closed loop control logic CIRC WTR TEMP CTRL §0PAB20DT001 by starting
the cell fans CTWR FAN 1…14 §0PAD11…27AN001.
The cooling tower is shut down by manually starting the shutdown program of the SGC
COOLING TOWER §0PAD10EC001 or by protection signal if the circulating water system
PAB is out of operation.
The shutdown sequence SGC COOLING TOWER §0PAD10EC001 initiates the shutdown
program of the SGC CTWR CELLS §0PAD50EC001, switches off the SLC CTWR
§0PAD10EE001 and all cell associated SLC CTWR CELL 1…14 §0PAD11…27EE001 first
and takes then the cells out of operation by switching off the cell fans CTWR FAN
§0PAD11…27AN001.
2.3
Operation, Closed and Open Loop Controls
The Unit Coordination Program §1/§2CJA00EA001 starts the SGC COOLING TOWER
§0PAD10EC001. The SGC starts the SLC CTWR §0PAD10EE001.
The task of the SLC CTWR §0PAD10EE001 is to transfer the signals for the demand of
more or less cells coming from the closed loop control logic CIRC WTR TEMP CONTROL
§0PAB20DT001 to the SGC CTWR CELLS §0PAD50EC001.
By the closed loop control logic CIRC WTR TEMP CONTROL §0PAB20DT001 the
condenser vacuum is controlled depending on the adjusted setpoint for cold water
temperature.
The SGC CTWR CELLS §0PAD50EC001 switches the cell associated SLC CTWR CELL
1…14 §0PAD11…27EE001 in the determined sequence depending on the measured
circulating water temperature.
By the cell associated SLC CTWR CELL 1…14 §0PAD11…27EE001 the CTWR FAN
1…14 §0PAD11…27AN001 of the respective cell are switched on/off.
The cells are controlled in stages. The maximum cooling tower capacity is obtained in the
last stage, if all cells are operated.
The release for switching the fans is fulfilled if:
- the fan was not switched on in a determined time before
If the criteria:
- Setpoint deviation for Cold Water Temperature
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(condenser inlet) §0PAB20DT001
DEV>MAX and
- Hot Water Temperature (condenser outlet) §0PAB30CT901 > MIN2
and not
- No heat input into condenser §0PAB20DT001 NO HEAT INP
are fulfilled the next cell which is not in operation will be taken in operation by switching on
the CTWR FAN 1…14 §0PAD11…27AN001 via the cell associated SLC CTWR CELL
1…14 §0PAD11…27EE001. If the above mentioned criteria are still fulfilled after a defined
waiting time the next cell will be taken in operation in the same way. By this control the cells
are put in operation one after another.
If one of the criteria:
- Setpoint deviation for Cold Water Temperature
(condenser inlet) §0PAB20DT001 DEV< MIN or
- Hot Water Temperature §0PAB30CT901
< MIN2
is fulfilled the next cell is taken out of operation by switching off the CTWR FAN 1…14
§0PAD11…27AN001 via the SLC CTWR CELL 1…14 §0PAD11…27EE001. If one of the
above mentioned criteria is still fulfilled after a defined waiting time the next cell will be
taken out of operation in the same way. By this control the cells are taken out of operation
one after another.
The setpoint for cold water temperature can be adjusted within a certain range.
Reasons for cell fan switch off by protection signal may be:
- Undervoltage Protection §0BFH00CE001
ACTUATED or
- Vibration of Fan §0PAD11…27CY081
> MAX
or
- Oil Pressure in Fan Gear Box §0PAD11…27CP081
< MIN or
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5.

DESCRIPTION OF THE ENVIRONMENT

5.1

GENERAL SETTING OF THE SITE

The proposed site is located on the Mediterranean Sea coastline, Burullus segment in the Kafr
esh-Sheikh Governorate, 78 km east of the Abu Qir power plant and about 100 km east of
Alexandria city. The proposed Burullus Power project site will occupy 250 Feddans (1,050,000
m2) within a wider coastal sandy uncultivated, uninhabited area. The proposed site is located
approximately 200 km northwest of Cairo and about 30 km west of Baltim resort and 38 km
east of the new industrial zone of Markaz Mutubas. The Mediterranean sea is located to the
north of the site area at the immediate vicinity of the site boundaries, with a shoreline
clearance 200 m or more.
The Burullus site is located within a wider open uncultivated uninhabited piece of land, which
is along the southern shoreline of the Mediterranean Sea, with a shoreline clearance 200m or
more, and is located just to the north along the right side of the Coastal International Regional
Highway at a distance 30 km west of Baltim city, and approximately 200km northwest of Cairo,
and about 100 km east of Alexandria city. On the left side of the Coastal International Regional
Highway located is a cultivated land ended at its southern boundary (left side) by the Burullus
Lagoon. The overall site area is approximately 250 feddans (i.e. 1,050,000 m2). Mutubas
Industrial Zone lies around 38 km wes of the site and Salt ponds, followed by military
monitoring points are located to the west of the power plant site. The whole wide area to the
northern edge of the site is the Mediterranean Sea.
The proposed land allocated to the power plant project is situated on a trapezoid-shaped
(slightly alike rectangle-shaped) piece of land, with its northern side 1200 m, almost parallel to
the sea shoreline.
The project area is located at the most northern part of Markaz Burullus, which is bordered to
the east by Burullus Lagoon Inlet and to the west by Mutubas industrial area and Rosetta
Branch of the River Nile and bordered to the south by Burullus Lagoon itself.
The general site location is shown in Figures 5-1, A, B & C. The topography of the areas
surrounding the proposed site is shown in Figures 5-2 A, B & C.
The site is delimited by site coordinates indicated below, while the elevation is about 1-2 m
above sea level.
The land is identified by Bench Marks installed inside the site. The coordinates of the Bench
Marks are given as follows:
WGS84
Pt.No.
BU1
BU2
BU3
BU4

Longitude
Deg.
Min.
30
49
30
48
30
48
30
48

Sec.
3.66
48.97
7.27
23.80

Deg.
31
31
31
31

Latitude
Min.
31
32
31
31

Sec.
41.93
5.62
50.89
23.84

The land as allocated by the Survey Authority, Kafr esh-Sheikh Governorate is shown in
Figures 5-3 (A&B). Figure 5-4 depicts the site general arrangement of the power plant project
and Figures 5-5 (A, B, C & D) give the present landscape of the proposed site area.
Topographically, the area has a very gentle slope towards the Mediterranean Sea (north
direction). The elevation ranges between 1 and 2 m above the sea level.
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Maximum mean air temperature reaches its highest levels (29.6 o-30.5oC) between July and
September each year, while the minimum mean temperature reaches its lowest values (10.4o12oC) in December through February.
Relative humidity seems to be more or less similar regardless of the season and ranges
between 69 and 73%. Highest rainfall occurs in January and February and reaches a
maximum of 46 mm.
Prevailing winds usually blow from the North-North West, North West and North directions.
South westerly winds blow during January and February. Northern winds prevail between July
and October each year.
Burullus Power plant is located on the most northern part of the main habitat known as the Nile
Delta and Valley. This habitat has been disturbed and changed significantly by man to the
extent that it is now recognized as a totally human-made system. The floral and faunal
diversity now present in this habitat includes the species that can tolerate the existence of man
or that has been adapted to its presence or has been domesticated.
The only difference between the area of the power plant and inner Delta and Valley is the
presence of the Mediterranean Sea to the north of this area. This may have some effects on
the climate of the area but it does not influence the general biology and ecology of the habitat.
The Nile Delta and Valley occupies less than 6% of the one million square kilometer area of
Egypt and form a densely inhabited riverine oasis of farmlands and human settlements of all
sizes and complexities.
The project area is located within the Nile Delta and Valley main ecosystem which is
characterized by an agricultural matrix, patches of human settlements as well as a complex
system of corridors of roads. The project site lies uniquely within a junction area between
agriculture and sea. This location is suited for the nature of the proposed activity which relies
on water for cooling and discharge. The site with its current land use appears in harmony with
its neighboring land uses and no ecological impacts were observed.
The proposed site is located in a flat coastal plain with an open and exposed foreshore and
beach. The site is bordered by the Mediterranean Sea to the north of the project area. The
region is generally hot and arid with less than 2 cm of rain annually and average humidity
levels of 69-73%. The predominant wind direction is from the northwest, and although airborne
dust concentrations can be high, air quality is generally good. Existing noise levels are also
low, although the new International Highway runs close to the project area. No known
archaeological features are present on the site.
The physiographic provinces of the study area characterize the Nile Delta coasts, where the
Mediterranean foreshore province represents all the area of low relief terrain extending east
Baltim Mouth and inland to the International Road. The landforms are predominantly sand and
mud.
The coastal zone generally consists of the interaction between land and sea processes. The
coastal zone has become the major site for extensive economic activities where many of the
coastal developing projects depend essentially on the coastal resources for economic
purposes.
From the faunal diversity stand point, the site is relatively poor in the number of species
present. However, it is characterized by a high density/abundance of certain insect species
and bird species.
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The site includes representatives of arthropods, avifauna and snails, in descending order of
abundance. The plant Polygonum sp. has recorded the highest number of insect species
present especially those belonging to order Diptera, mainly different types of flies. Arthropods
include flies, wasps, butterflies, dragon flies (Odonata) and ants. Birds include Palm Dove,
House Sparrow and Pallid Swift (Apus pallidus). Terrestrial snails were also abundant as they
tend to associate to the plant communities dominating the site.
The study area was characterized by dense wild and cultivated vegetation coverage. It has
been observed that the cultivated trees and shrubs which grow on the southern area beneath
the site, with the exception of some parts along the lake Burullus; are characterized by dense
growth with highly branched shoot system. The very common and abundant species are:
Phoneix dactylifera, Psidium guajava, Eucalyptus rostrata, and Casuarina equsetifolia (Private
farms).
The station is in the north of Kafr esh-Sheikh Governorate and is located on Line International
Coastal Road in Burullus area. This road is a dual carriageway with two lanes in each
direction. The speed limit for this road is 90 km/hour and the allowable weights are 13 tons.
The land use surrounding the power station comprises a number of activities as follows:
Industrial activities such as the BurullusIndustrial Zone, about 38 km to the west.
The Sixth Zone's areas planned to black sands resources exploitation activities to the west
of the site.
Agricultural areas to the south of the site.
Resort areas with very low density population at a far distance to the east from the station
site.
Water sources such as the Mediterranean Sea, where the pumping station building of the
Burullus Power plant will locate to the north of the site.
The direct route to be taken to the site from Cairo starts with the Cairo/Alexandria Agricultural
Highway, then Kafr esh-Sheikh city to Line Baltim Road, then to the International Coastal
Road to Burullus site. This main road passes through Baltim/El-Borg leading to the Burullus
power plant site. There are other main regional roads connecting ports with Burullus Power
plant. These include Cairo/Alexandria Desert Highway, Cairo/Suez Desert Highway, and
International Coastal Highway.
International Coastal Road (Damietta / Rashid segment) passes Burullus in the front of the
station. This road serves the movement of passengers and goods from Damietta to Baltim and
vice versa. It serves various land uses such as industrial, electrical, educational and
residential....etc. The entrance of the station is about 2 km from the road via a haul route.
The proposed site lies within the administrative boundary of the Kafr esh-Sheikh Governorate.
The Kafr esh-Sheikh Governorate produced its Comprehensive Development Plan- Kafr eshSheikh June 1995 (hereafter referred to as the "CDP") for land use management and planning.
This document had been revised and a new development plan was published in 2007, setting
out proposals up to the year 2020. The 2007 CDP sets out the policy to control development in
the Northern Kafr esh-Sheikh region, particularly the coastal and Burullus zones, and the
proposed land uses set out in the CDP around the proposed site are shown in Figures 5-6 (AI) through (A-IV) and (B-I) through (B-XIII).
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Figure 5-1(A)
Location Map of the Proposed Site
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Figure 5-1 (B)
Part of Landsat TM Mosaic Covering the Project Area
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Figure 5-1 (B\)
Satellite Image showing the Proposed Site of
Burullus Electric Power Plant
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Figure 5-1(C)
Location Map of Kafr esh-Sheikh Governorate
Showing the Proposed Site
of the Burullus Power Compound
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Figure 5-2(A)
Topography Surrounding the Proposed Site
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Figure 5-2(B)
Topography Surrounding the Proposed Site
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Figure 5-2(C)
Topography Surrounding the Proposed Site
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Figure 5-3 (A)
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Figure 5-3 (B)
Landsat Map Showing the BurullusShoreline
and the Location Lnad of the New Burullus Power Project
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Figure 5-4
Site General Arrangement
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Figure 5-5 (A)
Selected Photo for the Present Landscape of the Proposed Site Area

Figure 5-5 (B)
Selected Photo for the Present Landscape of the Proposed Site Area
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Figure 5-5 (C)
Selected Photo for the Present Landscape of the Proposed Site Area

Figure 5-5 (D)
Selected Photo for the Present Landscape of the Proposed Site Area
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Figure 5-6(A-I)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 1995
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Figure 5-6(A-II)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 1995
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Figure 5-6(A-III)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 1995
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Figure 5-6(A-IV)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 1995
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Figure 5-6(B-I)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-II)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-III)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-IV)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-V)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-VI)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-VII)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-VIII)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-IX)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-X)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-XI)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-XII)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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Figure 5-6(B-XIII)
The Proposed Land Uses
of Kafr esh-Sheikh Governorate, 2007
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5.2

SOILS, GEOLOGY, HYDROGEOLOGY, TOPOGRAPHY AND SEISMICITY

5.2.1 Introduction
Information on soils, geology, hydrogeology and topography was obtained from the following
sources:
review of the 1:50,000 scale and 1:500,000 scale Geological Maps; produced by the
Egyptian Geological Survey and Mining Authority (EGSMA);
discussions with the Department of Natural Sciences, Institute of Environmental Studies
and Research, Ain Shams University;
discussions with the National Authority for Remote Sensing and Space Sciences
(NARSS), State Ministry of Scientific Research and Technology;
review of the Hydrogeological Map of Egypt;
observations made during the site visits, by AL-AMAR in July 2015;
“Geotechnical Soil Report” of the Burullus Power Plant site (Geological Investigation and
Foundation Recommendations for the Site of the Burullus Power Plant), performed by
"Zone Engineering and Survey", July 2015;
Baseline Study on the “Physical Environmental Setting of the Proposed Site of “Burullus
4800 MWe Combined Cycle Power Plant”, conducted by “Commercial Services
Corporation”, July 2015.
The general topography of the area is shown in Figures 5-2 and 5-8.

5.2.2

General Physiography

Location
The site of the Burullus Electric Power Plant is situated approcimately north the mid of Burullus
Lagoon northern bankline. The site is delimited by the four coordinates given in 5.1, while the
elevation is about 1-2 m. above sea level.
5.2.3

Geomorphic Features

The geomorphology of the Nile Delta Coastal Plain can be described according to the
following geomorphic land forms:
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Topography
The Nile Delta appears as a triangle shape, its base in the north stretched between Rosetta
and Dameitta while its apex in the south. The length of the delta from south to north is about
170 km. its width from east to west is about 220 km. while it covers about 50 ,000 km2. It
means that, the delta comprises about 6 % of the total Egyptian lands (Figure 5-7).
The Nile Delta branches 23 km. north of Cairo (Delta Barrage - El-Qanater El-Khayria) in an
area very suitable for the spreading of the deltaic deposits .The river deposits its load in the
form of delta because of the gentle gradient accompanying its arrival to the Mediterranean
Sea. Topographically, the area has a very gentle slope toward the coastal shoreline. The
elevation ranges from 1- 4 m. above the sea level (Figure 5-8).
From the topographic contour map, we noticed that the contour lines bend southeast ward in
the eastern and western parts of the delta, but in central part, the contour lines run in an
eastward direction. It means that, the land in the west (Rosetta Branch region) slopes
northwest ward (Figure 5-8).
Geomorhpic Features (Coastal land forms)
Several land forms developed along the northern part of the Nile Delta. The coastal areas do
not raise more than 3.0 m.a.s.l, and extend about 10 km inland. Along the coastal area,
several factors acted in the past or are acting at present, such as sea level changes, climatic
variations which affected Nile flow and sediment discharge, erosional effect, human activity,
prevailing winds and neo-tectonics. Due to the interaction of these various factors, numerous
coastal forms developed, producing a unique environmental differing from the rest of the
deltaic plain. The main forms are: the coastal plain, the lagoons, the sand dunes and the
Barari (wasteland) flats (Figures 5-9, 5-10 & 5-11).

a. The Coastal Plain:
Although the present coastline is generally convex in outline, it is composed of several
concave wide bays and convex promontories. The study area is located between the Rosetta
and El-Burullus promontories. The most notable features of the coastline are sand spit
beaches and cusps. Sand spits are periodically growing at Rosetta and Damietta mouth due to
the erosion processes. Beach cusps characterize the shores. From the shoreline, flat
expanses of beach sand as sandy plains with coastal dunes extend at several localities. These
plains are exposed to flooding during winter storm surges leaving traces of former shorelines
which are marked by accumulations of marine shells.
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Figure 5-7
The Main Geomorphic Features in the Nile Delta
(After Embabi, 2004)
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Figure 5-8
Topographic Map of the Northern Delta
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Figure 5-9
Geomorphological Map of the Coastal Area
(After Zahran et. al., 2001)
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Figure 5-10
Depositional Environments of the Nile Delta System, Egypt
(After Fischer et al., 1969)

Mediterranean Sea
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Figure 5-11(A)

Mediterranean Sea

Electrical Power Proposed Site

Geomorphological Map of Al-Mansurah Sheet
(No. NH- 36 M). Scale 1-250000
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Figure 5-11(B)
Geomorphological Map of Al-Mansurah Quadrangle, Egypt
(No. NH- 36 M). Scale 1-250000
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b. The Coastal Dunes:
Coastal dunes are spread along the plain of the Nile Delta at disconnected localities. Dunes
are forming a dune field, which is called " North Delta Dune Field ", Embabi, 2004. The dune
types vary between simple barchans, complex and deformed barchans, and small linear
dunes. The maximum height is about 20m but the most prevailing height is 2-3 m.
There are two generations of dunes. The first is the older and is composed of low, vegetated
dunes with reddish silty sand and occur below the recent coastal dunes. Remnants of these
older dunes were found on the islands of El-Borollos. The second generation is composed of
recent dunes which are lighter in color, higher and sharper than the ancient stabilized dunes.
Inter-dune areas appear as innumerable small depressions with flat floor, which are occupied
by temporary or permanent ponds in some of them. These ponds are fed by rainwater stored
in dune sands and percolate and fill the inter-dune areas. The dunes are gradually
disappearing by cultivation and land use. The sands of the Nile Delta Coastal Dune Field
originated from the Nile Deposits that were deposited along the northern margins of the Delta
(Sestini, 1976& Gawish, 1988) and rich with heavy minerals (Black Sands).

c. El-Burullus Lagoon:
El-Burullus lagoon is a shallow basin where water depth varies between 0.5 and 3.0 m in deep
areas, but along their margins especially the southern side, depth do not exceed several
centimeters. In these shallow tracts, strong winds might drive off the thin water layer. The
lagoon connected with the open sea by one or more outlet (Boughaz) which keep water level
similar or quite near to the sea level. The lagoon separated from the open sea by narrow
stretch of sand barriers or plain. Islands are one of the characteristic features; they are small
and low and differ in shape. Generally, the islands subdivided the lake into several basins.
The northern and southern margins of the lagoon are subjected to use for fish farming
(Aquaculture).

d. Weteland (Barari) Salt Marshes:
A belt of salt and marshy flats covered with aquatic vegetation (reeds) extends along the
southern margins of the lagoon. This belt is few meters below sea level where ground water
level is high and the soil is saturated with saline water. These flats are known collectively by a
local as " Barari " (Singular, Barriya) which means the unproductive wasteland. Due to
population pressure, these areas are exposed to land reclamation for cultivation, fish farms
and other land use.

e. Cultivated Lands:
The cultivated areas located at the southern, eastern and south westernparts of the area
under the consideration. It formsthe flat area which is a part from the northern Nile Delta plain.
Many small villages (Ezzab) are littered around the area.
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5.2.4

Geological Setting

The present geological studies resulted in establishing the stratigraphical setting of the
sedimentary sequence in the area under the consideration and the structural elements that
affected the area during the geological history.
Stratigraphy
A brief description will be given to describe the different litho-stratigraphic rock units that
exposed in the surface and encountered in the sub-surface as shown on Figures 5-10 &
5-12 (B) and illustrated on Figure 5-12 (A).

a. Surface Rock Unit:
The coastal plain of the Nile Delta characterize by the occurrences of the following rock units
referring to the Pliocene –Quaternary ages. These units are:
Quaternary Rock Units:

-

The Coastal Sand dune:

Coastal Dunes are spread along the plain of the Nile Delta at disconnected localities. They
appear to the west, north and south of Lake Burullus at some of the islands on the lagoon, and
in mid – Delta area between Rosetta and Damitta Branches. The sands originated from the
Nile sediments that were deposited along the coasts of the delta (Figure 5-13).
-

Salt Marshes and Sabkha :

A belt of salt and marshy flat covered with aquatic vegetation (reeds) extends along the
southern margins of the lagoons. Most of this belt is few meters below sea level where ground
water level is high and the soil are saturated with saline water (Sabkha areas).
Pleistocene Rock Units:

-

Bilqas Formation (Neonile):

Bilqas Formation represents the top most part of the Nile Delta sediments. It consists of
alternating sands and clays with plant remains and peat deposits occurred most likely in
lagoons and brackish swamps interrupted by beach sands. The average thickness is about 50
m. Zaghloul E. A. (1984 and 1996) presented a compiled geological section that encountered
at different areas in Egypt. Said, R. (1981) and Zaghloul Z. (2001) present the stratigraphic
column for the Nile Delta region with special emphasis on the early Mesozoic onward based
on data available from wells drilled by Oil Companies.

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 43 of 305

Figure 5-12 (A)
Generalized Lithostratigraphic Column of the Nile Delta with
Inferred Old Tertiary and Pre-Tertiary Sequences
(After Schlumberger, 1984)
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Figure 5-12 (B)
Stratigraphic Model of the Neogene- Quaternary in the Nile Delta
(After Schlumberger, 1984)
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This formation represents the Nile Delta flood plain and the cultivated lands.

b. Sub-surface rock units:
According to Said (1981), Zaghloul E., 1984, Rizzini et. al,( 1976 ) and El-Heiny and Morsi,
(1992), the sub-surface lithostratigraphic units can be described from younger to older
formation as follows (Figure 5-12(A)) .
Mit Ghamr Formation (Neonile):

The depositional environment of this formation is probably shallow marine to fluvial. It is a
typical fill-up of basin with shelly sands, Coqina beds, clay and peat. Its age is upper most
Pliocene to Pleistocene.
The structure contour map presented by Zaghloul, Z et. al. (2001) shows a closed low
structure around Manzala Lagoon and in El-Tina Bay. The lithofacies map indicates
dominance of Deltaic sand of Stanley et. al. (1993). Most probably, the Mit Ghamr Formation
is corresponding to the Prenile Sediment of Said (1981), (Figure 5-12(B)).
El-Wastani Formation (Protonile):

It consists of thick quartzose sands with argillaceous interbred. The thickness ranges from 120
to 300 m. The depositional environmental is transitional between the outer shelf facies of the
underlying Kafr El-Sheihk Formation and the overlying Mit Ghamr Formation. The age was
assigned to Upper Pliocene and could be equivalent to Baltim Formation (Kora, 1980).
The structure contour map presented by Zaghloul .Z. et. al. 2001 discloses a complex basin of
general NE trend controlled by the NE Pelusium fault system and NW fault west of the Nile
Delta (Cairo – Wadi Al- Natrun – Alexandria fault). The average thickness is about 300 m. and
increasing to the north on the offshore area.
Kafr esh-Sheikh Formation (Paleonile):

The formation ranges in age from Lower to Middle Pliocene. The sequence consists of soft
clays with inter-bedded poorly consolidated sands with a clayey matrix. The clays are
composed in equal proportions of Kaolinite and Montmorillonite with very little Illite. The
development of this series appears to be rather constant over the entire Delta area. Its
lithology and faunal content points to an outer shelf depositional environment. Its top is defined
by the overlying El-Wastani Formation sand which has a typical littoral fauna. However, they
have been totally penetrated in nearly all deep wells drilled in the delta.
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Figure 5-13
Satellite Image Showing the Distribution of the Coastal Sand Dunes

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 47 of 305

Abu-Madi Formation (Paleonile):

The formation is represented by a series of thick sand bodies interbedded with thin shales.
The sand is cross-bedded and overlies the Rosetta Anhydrite in Abu-Maadi, El-Wastani and
Abu-Qir fields while in the study area, the formation unconformable overlies the Qawasim
Formation. Abu-Maadi Formation was deposited in a deltaic environment and grades up into
shallow marine environment. The type section is present in the Abu-Maadi well in the depth
interval from 3007 m. to 3229 m. The Abu-Maadi Formation is the Gas producing horizon in
the Nile Delta region. The gas was assigned to the Lower Pliocene. The isopach map
presented by Zaghloul, Z. et. al. (2001) indicates a shallow marginal basin with thickness
increasing northward and decreasing southward. Rizzini et. al. (1976) described this rock unit
as composed of inter-bedded sands and clay layers at the top with marine fauna of the
Mediterranean Lower Pliocene Sea.
Qawasim Formation (Eonile):

This formation overlies the Sidi Saleim Formation and underlies the Abu-Maadi Formation with
unconformity surface due to the missing of Rosetta Formation (Anhydrite section of Upper
Messinian). It comprises a thick section of sand and conglomeratic series of Middle to Upper
Miocene .
In any case, the development of the section marks a change in the depositional environment
from fluvial- deltaic to marine.
Sidi Salem Formation:

It is consisting of predominant shale's with few interbedded dolomitic marls and rare
sandstone. The upper limit is formed by the base of the thick conglomeratic series of the
Qawasim Formation. This formation was subjected to extensive facies changes both laterally
and vertically. The average thickness is about 311 m. from depth 1664 m. to 1975 m. as
measured in Rommana well-1.
The depositional environmental conditions in the Nile Delta are shown on Figure 5-12 (A). In
order to understand and to follow the sub-surface litho-stratigraphic units, it can be easily to
interpreted from Figure 5-12 (B).

c. Tectonic Setting:
Generally, the Egyptian platform may be subdivided, from south to north into the following four
units (Figure 5-13), Craton and Stable Shelf in the south, Unstable Shelf in the north and the
Hing Zone at the coastal area .The hing zone is located between the mobile shelf and the
miogeosynclinal area. It causes a rapid, basinwards thickening of Oligocene to Pliocene
sediments, and practically coincides with the present Mediterranean coastal area.
Figures 5-14 and 5-15, showing the major tectonic elements that affected the north western
part of the delta, these elements are; the Qattara – Eratosthenes line, Cairo - Alexandria line
and the Sebeanitic line.
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As far the area is located in the Nile Delta flood plain, the structural and tectonic setting did not
affected on the Quaternary Nile sediments and it can be only detected from the sub-surface
correlations, cross-sections and geophysical works.
Figure 5-14
Sketch of the Structural Aspects of the Nubian –
Arabian Shield Margin in Northern Egypt
(After Sclumberger, 1984)
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Figure 5-15
Schematic Map Showing Major Tectonic Elements of Northern Egypt
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5.2.5

Natural Resources

Natural Gas and Oil
The study area is located within the NileDelta related offshore Gas fields at Abu-Qir, Naf and
Rasheid near Alexandria and Abu-Madi field in the east (Figure 5-16) which can produce more
than 480 MCF /d of gas and over 315 t/d of LPG. Their capacity was expanded in 1998. Their
proven reserves were then estimated at 1.1 TCF.
Fishing Industries
The Mediterranean Sea, El-Burullus Lake and the Fish Farms around the lake are the main
source for fishing and fish industry in north central and western parts of the Nile Delta.
Mineral Sand (Black Sand) Deposits
River Nile which is the longest river in the world built its delta for the Egyptians to live and
formed a crown of economic mineral deposits wealth along the border of the delta. These
mineral heavy sand deposits extend from Abu-Qir in the west to Rafah in the east in the flat or
dune form Figure 5-17. The sand contain heavy mineral such as ilmenite, rutile, zircon,
monazite and magnetite.

5.2.6

Water Resources

Surface Water:

The Rosetta Branch provides fresh water to Abu-Ismail canal and Khalig Berimbal for
domestic demands. It also provides fresh water for various agricultural applications and
discharges the rest of fresh water in the Mediterranean Sea for balancing pressures of erosion
and salt water intrusion in the coastal region.
The water quality in Rosetta Branch is generally high, however, due to increasing pollution
lead due to industrial, domestic and agricultural waste.
It was estimated by (Awad and Yousef , 2002) that the Rosetta Branch receives more than 0.5
million m3/day of untreated or partially treated domestic and industrial wastes and hug amount
of agricultural drainage water .
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Figure 5-16
Nile Delta Basin, Gas Fields and Main Discoveries
(After Abdel Halim, 2001)
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Figure 5-17
Distribution of the Black Sands along the
Northern Beach of the Nile Delta
( After El-Gemmizi et al., 2001)
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Groundwater
Referring to the Hydrogeological Map of Egypt (Nile Delta Map, scale 1:500,000 – RIGW,
1992) and others, the groundwater conditions and the aquifer geometry can be summarizing
as in the following:
1. The Quaternary fluviatile and fluvio-marine sand and gravel with interbeds of clay and
having a thickness of about 1300 m. and developed into three formations namely: Bilqas
at top, Mit Ghamr in the middle and El-Wastani at the base (Said, 1981).
2. The Lower Miocene fluviatile and fluvio-marine sand with clay and limestone interbeds
which having a thickness more than 1000 m.
Other aquifer systems are known in the Nile Delta basin, but are only of local importance. The
litho-stratigraphic unitsforming this system sometimes referred to the Delta Aquifer System
(RIGW.1992). Such units cover the greater portion of the inland area of the Nile Delta region.
Figure 5-18 showing the Hydrogeological map for the study area.
The following factors are of great interest.
1. The aquifer system in the Nile Delta region is semi-confined type where the silty clay layer
is well represent and which act as an aquitard.
2. The Nilotic aquifer system is underlain by a thick clay bed (Pliocene–Kafr El-Sheikh
Formations) which act as
aquiclude. The position of the aquifer relative to mean sea
level ranges from near sea level to more than 1000 m.
3. The lithology of the aquifer changes from more sandy and gravelly in the south to more
silty and clayey in the north. This change is related to change in the depositional
environment. Most of the water wells are restricted to the top most part of the aquifer.
4. RIGW, 1992, reported that the saturated thickness is about 800 m. At Abu-Madi Oil field, a
brackish water below hyper saline water occurred at depth 100 m. below the ground
surface.
5. The permeability values (33–75 m/d) and the transmissivity values (500–25000 m2/day).
6. Generally, the groundwater flow is defined by definition perpendicular to the piezometric
contour lines and is therefore from south to north. Other flow directions are both to the
west and to the east.
7. Along the coast, brackish groundwater with salinity in the order of 2000 ppm. and reported
at depth of about 100 m. below sea level . On the other hand, it is worth to mention that
the salinity of groundwater increased due to the saltwater intrusion.
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Figure 5-18
Hydrogeological Map of the Region
(After Sclumberger, 1984)
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Figure 5-18 (Contd.)
Hydrogeological Map of the Region
(After Sclumberger, 1984)
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Figure 5-18 (Contd.)
Hydrogeological Map of the Region
(After Sclumberger, 1984)
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The groundwater level in the Quaternary aquifer fluctuates allover the year in response to the
recharge – discharge processes. The Delta aquifers in general are mainly recharged through
the influent sectors of the two Nile branches especially in front of the barrages, also through
the seepage from the irrigation drainage network covering the entire present delta. Deep
percolation from the flood irrigated fields and the occasional winter rainfall has a major role
recharging the aquifer.
Water Uses
Irrigation: The irrigation water is free of charge and readily available for almost all lands that
officially declared as agriculture land. The irrigation system in the study area is combined to
the gravity and water lifting system (West Burullus Lifting Station). The most important canals
in the area are Abu-Ismail and Khalig Berimbal.
Drinking and domestic: All water for drinking and domestic purposes are processed and
treated Nile water from the Rosetta Branch and the related Abu- Ismail canal.

5.2.7

Natural Hazards

Earthquake
The study of the historical earthquakes is useful and constructive tool in understanding the
undue consequences associated with the ancient earthquakes. It is worth to mention some
ancient earthquakes that struck the area:
On year 726 AD / 108 H, A shock occurred in Egypt and caused the collapse of the upper
part of Alexandria Lighthouse.
On the 7 th. August year 702 H, a violent earthquake occurred in Egypt. It affected
Alexandria strongly causing the destruction of its walls and towers.
Generally, the distribution of the earthquake epicenters in Egypt is mainly located along the
main three trends (systems) as shown in (Figures 5-19, 5-20, 5-21 and 5-22) .These trends
are:
Gulf of Aqaba – Dead Sea ( Levant ) trend ,
Red Sea , Gulf of Suez , Cairo – Alexandria trend and
Fayum – Cairo – Pleseium trend.
The area is characterized by the occurrence of shallow, micro, small and moderate
earthquake. The activity is mainly due to the earthquakes attributed to the Cairo – Alexandria
and Cairo – Fayum trends.
Kebeasy (1990) considered the NW trend is the major active trend affecting the western part
of the Nile Delta. The clustering of earthquakes offshore Alexandria (Figures 5-20 & 5-21), a
Rosetta and Damietta area is a conspicuous feature of the seismicity of northern Egypt. Other
clusters of earthquakes are seen beneath the northwestern and central Nile Delta.

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 58 of 305

Figure 5-19 (A)
Seismicity Map of Egypt
(After Sieberg)
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Figure 5-19 (B)
Seismicity Map of Egypt and Surrounding Areas
during the Period of 1990-1996
(Compiled from Different Authors)
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Figure 5-20
Epicenters Distribution of Instrumental Earthquackes in
Northern Egypt (1900–1997) Modified to Show the Active Seismic Trends
(After Al-Ibiary, 2001)

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 61 of 305

Figure 5-21
Neotectonic Elements of Northern Nile Delta
(After Z. Zaghloul et al., 2001)
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Figure 5-22
Morphotectonic Features of Western Nile Delta
(After Z. Zaghloul et al., 2001)
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The shape of the Nile Delta is tectonically controlled. Beyond, the controlling structural
elements are, the Pelusium Line in the east, the Cairo – Natrun Line in the west, Mit Ghamr
Line in central delta and the Qattara - Eratosthenes Line in the north (Figure 5-20). The huge
thickness of clay and silt of the Nile Sediments minimize and reduce the impact and the
hazards of the earthquakes especially the deep one.
Flash Flood
As far the site is located at the coastal plain which is almost flat, the absences of any drainage
systems and very low topographic relief, it is clearly shown that the site of the power station is
far from the threat and the impact of the flash floods.
High Tidal Wave
In the winter season, occasionally strong storm may occur caused a high tidal sea waves.
These high tidal waves may threat or caused and damage the offshore structures relating to
the station.
Neotectonics
With regards to the neotectonics, the present coastal flat is considered stable. However, it has
to be noted that this coastal flat occurs within the western side of Lake Burullus synsedimentary graben.
Sea Level Rise
The Eustatic Sea Level rise is due to global climatic oscillations accompanying Greenhouse
Warming effect (Gornitz et al., 1982); local tectonism (subsidence and uplift of land due to
compaction, neotectonism, oil and gaz exploitation); and seasonal oceanographic/
meteorological processes (wind . storm surge , wave set-up, standing waves .
The earth is also expected to warm by 3.5 c in the next century by a mechanism commonly
known as the "Greenhouse". There is a general agreement that estimates for the next 100
years range from 0.25 to 0.95 m.

5.2.8 Man-Induced Hazards
Shoreline Changes
The shoreline changes in the site of the Electric Power Plant should be monitored routinely to
avoid any problem, which may occur due to the impacts of the shoreline changes. From the
field observation, the shoreline is subjected to siltation / erosion processes. The sea water
basins (water intakes) and shore line should be protected to some extent from the siltation or
erosion.
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Siltation
Siltation of the Mediterranean Sea near the water intakes should be monitored routinely to
avoid clogging or capacity reduction.
Land Subsidence
A number of onshore and offshore gas and oil fields such as : Abu Qir , North Abu Qir , Kafr
esh-Sheikh , Desuk , Abu Madi , Rosetta and others (Figure 5-16) are located in and around
the study area. The intensive extraction of Gaz and Oil may cause a land subsidence which
can threat the area on the long term.
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5.3

CLIMATE AND METEOROLOGY

5.3.1

Introduction

Both local and regional climatic characteristics play an important role in the dispersal of
pollutants in the atmosphere. To understand the potential impacts from a given industrial
source, both local and regional climatic conditions and short and long term meteorological
factors must be considered. The principal meteorological parameters, which affect the
dispersal of airborne pollutants, are the following:
wind speed, direction and temporal distribution;
atmospheric stability;
mixing height (the height below which there is significant mixing within the
atmosphere); and
precipitation (which affects the deposition of the pollutants).
Both micro and macro meteorological factors affecting the general climatic conditions in the
region of the proposed site have been examined in this assessment.
5.3.2

Regional Climatic Conditions

This section describes regional climatic conditions in the Kaf Esh-Sheikh area. Tables 5-1,
5-2 and 5-3 summarize climatic information available for the area using 35 year monthly
average data.
The Egyptian General Meteorological Authority (EGMA) does locate meteorological station
at/or near the Burullus Site. Therefore the onsite sequential hourly meteorological data are
readily available at this time. However, the twice-daily mixing height data are not available
near the plant site. The alternative is to find the suitable data for use in the dispersion analysis.
The proposed site is located about 78 km east of Abu Qir power plant facility and around 30
km east of Benchmark power plant facility (under construction). Hourly meteorological data
that are reqired by the dispersion modeling are available near the site.
Accordingly, the Burullus site, as considered for north Burullus Lagoon weather conditions, is
characterized by a mild Mediterranean climate with predominantly hot summers, mild winters,
and generally dry and sunny conditions. Rainfall events are moderate and occurrences of
gales, thunderstorms, and dust storms are occasional.
The climate of the region is one of the mildest of the Mediterranean sea .Winter temperatures
are higher than those of any other part of the Mediterranean coast. Generally, this climate,
however, gradually changes as one moves south and merges at about 40 km to 50 km inland,
into Mediterranean Saharian climate.
The Northern Coastal zone is located in the Great Sahara Desert. As for the area occupies a
portion of the Mediterranean zone, it has a special climate which differs from the inland desert
areas. It is characterized by a comparatively high humidity, frequent dew formation and small
diurnal temperature variations. As far the area occupies a portion of the Mediterranean zone, it
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has a special climate which differs from the inland areas. It is characterized by a comparatively
high humidity, frequent dew formation and small diurnal temperature variations.
The prevailing winds are northerly and northwesterly and can become strong during the winter.
The rainfall in this area usually falls in the form of showers during the cold season (November,
December, January, February) while the region is under the influence of cold upper level
troughs to the north. The highest temperature generally occurs in June through September
when tropical continental air masses arrive from western Syria and Iraq on northeast winds
while the lowest temperatures are recorded in December, January and February as polar
continental air masses to the north are dragged down in the rear of winter Mediterranean
depressions. Relative humidities remain low for most of the year reaching a maximum in
December, January, July and August and a minimum in March and April.
Summaries of climatic variables for the site region are available from meteorological data
collected at Baltim. The Baltim data furnish wind speed, wind direction, temperature, pressure,
precipitation and relative humidity information that are considered to be representative of the
Baltim site (Table 5-4).
A 45-year Baltim data base (1968-2012) indicates a northeast and north-northeast wind at the
site (67 percent from both quadrants) with a maximum of winds from the North-North-West
quadrant (50 percent) followed by North winds (17 percent) and winds from the West
quadrant (10 percent) and then North-East winds (3 percent). Calm and variable winds occur
approximately 3 percent of the time. Wind speeds and directions at Baltim Station are shown
on the Wind Roses in Figure 5-23.
The following is a summary about the climate prevailing along the study area during the year
2007.
Rainfall
The average amounts of rainfall observed in Baltim station ranges between 00 mm. and 46.0
mm. The annual rainfall precipitation in Baltim is about 176.32 mm. The rainy season begins
during the second half of October. December and January are the rainiest months with an
average of 41.2 mm. /month. Some showers are still observed in March.
Air Temperature
The maximum and mean temperatures recorded in Baltim station is shown in Table 2. Air
temperature could be considered as mild. Mean annual is 20.76oC, mean annual minimum is
16.95oC, the mean maximum of July is 24.58 oC. The mean max of August is 30.5 oC and the
mean minimum of February is 10.4 oC.
Air Humidity
Relative humidity does not vary greatly through the year, staying between 69-73%. It ranges
between 57-63 at noon and between 79-83% in the morning and in the evening.
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Wind Speed and Direction
The Northwest winds prevail with a frequency of 40-50%. Winds in the winter can be strong
and stormy. A dry hot south west loaded with sands and dust (Khamasin wind) blows on
occasions for three to four days during the spring. During the summer, the wind decreases
steadily and in September many calm days (Table 5-6).
Sunshine Duration and Solar Radiations
Bright sunshine duration measured in Baltim is shown in following.
Station

J

F

M

A

M

J

J

A

S

O

N

D

Ann.

Baltim

68

71

75

82

80

84

86

90

90

87

78

66

80

Evaporation
Natural evaporation rate ranges from 3.9 mm/ d in January to 5.8 mm/d in May. It means that
the evaporation rate is high from March to October and is low in winter season.
Station

J

F

M

A

M

J

J

A

S

O

N

D

Ann.

Baltim

3.9

4.5

5.1

5.4

5.8

5.5

5.3

5.4

5.7

5.1

4.4

3.9

4.5

Storms
The study area as well as the coastal area are generally subjected to 14 storms per year, out
of which 7 storms are heavy. These heavy storms occur usually in winter accompanied by
strong winds and high waves.These storms are summarized in Table 5-5.
There are no air quality monitoring stations in the wider area from which a background air
quality characterization can be made. However, background air quality data has been
collected at site by the Energy and Environment Research Center (E2RC), Tabbin Institute for
Metallurgical Studies (TIMS) during July 2015 which demonstrated acceptable background air
quality. Site observatrions also have demonstrated that there are no major sources of air
pollutants in the area. Based on the allocation of the site for power generation activity, it is
assumed that the air quality of this region is characteristic of an industrial setting.
Preconstruction ambient air monitoring, which would be conducted during the next phase of
project development, would verify the background air quality characteristics.
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Table 5-1
Temperature, Humidity and Rainfall Information for the Proposed Site,
(45-year monthly rates)
(Based on Weather Monitoring at Baltim Meteorological Station)(1)
Av. Temperature (oC)

Month
January
February
March
April
May
June
July
August
September
October
November
December
Annual-average

Rainfall

Av.
Monthly
Max.

Av.
Monthly
Min.

Highest
Daily Max.

Lowest
Daily Min.

Relative
Humidity
(%)

Total
Montly
(mm/month)

Max. in
a Single
Day
(mm/day)

18.2
18.3
20.1
23.2
25.8
28.6
29.9
30.5
29.6
27.3
23.6
19.9
24.58

10.5
10.4
12.1
14.7
17.6
21.1
23.4
23.8
22.3
19.6
15.9
12.0
16.95

30.0
31.9
36.2
40.7
39.6
39.9
38.7
35.9
39.0
36.9
34.2
28.4
-

1.0
4.3
4.4
8.7
10.8
14.6
19.5
19.8
17.2
13.4
8.6
5.7
-

73
72
70
69
70
71
73
73
70
70
71
73
71.25

46.0
43.7
16.1
4.2
1.5
0.02
0.0
0.0
0.2
6.5
21.7
36.4
176.32

57.3
49.3
23.9
10.9
13.5
0.3
0.0
0.0
3.9
16.6
40.3
44.5
-

Notes:

(1)

This data is extracted from Baltim meteorological station Records, and it covers area of 50 km radius.
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Table 5-2
Wind Speed Information for the Proposed Site (Knots)(1) ,
(45-year monthly rates)
(Based on Weather Monitoring at Baltim Meteorological Station)

Month

Av. Hourly Speed
(Knots(1))

Highest Av. Hourly
Speed (Knots)

Highest Sudden
Plast of Wind
(Speed [Knots]/
Direction)(3)

January
February
March
April
May
June
July
August
September
October
November
December
Annual-average

5.4
6.5
6.4
6.1
5.3
4.6
4.6
4.5
4.1
4.7
4.9
6.9

36
28.5
33.5
37
31
26
20
20
20
27.5
31.5
31.5

45/240
50/220
50/180
49/340
54/290
35/240
27/010
23/360
33/020
33/240
38/220
45/260

Date of
Occurrence (3)
(Day/Year)

17/18
3/92
22/85
12/71
2/97
13/71
9/84
29/69
11/71
23/76
24/76
14/77

5.33 (2)

Notes:
(1) Knot = 1.85 km/hr. (This data is extracted from Baltim meteorological station Records, and it covers area of 50 km
radius).
(2) 5.33 Knots= 2.74 m/sec.
(3) Available from Bahtim station.
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Table 5-3
Fog, Mist and Storms Information for the Proposed Site (No. of days/month),
(45-year monthly rates)
(Based on Weather Monitoring at Baltim Meteorological Station)(1)

Month

Fog
(Days/Month)

(Days/Month)

0.7
0.6
0.3
0.3
0.3
0.3
0.6
0.9
1.0
1.2
1.3
1.1

10.2
7.2
7.4
5.3
6.9
8.6
11.8
16.2
13.6
12.7
10.8
9.9

Mist

Stirred up
Sands/
Sandstorms

Thunderstorms

Gales

(Days/Month)

(Days/Month)

0.0
0.1
0.1
0.03
0.03
0.0
0.0
0.0
0.0
0.03
0.01
0.03

0.3
0.2
0.3
0.3
0.2
0.03
0.0
0.0
0.1
0.03
0.0
0.03

(Days/Month)

January
February
March
April
May
June
July
August
September
October
November
December

5.0
5.1
6.2
5.6
4.0
2.3
1.8
1.2
1.4
2.3
2.5
3.6

Notes:
(1) This data is extracted from Baltim meteorological station Records, and it covers area of 50 km radius
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Table 5-4
Temperature, Humidity, Wind Speed and Rainfall Information for the Proposed Site
(Year 2007, Daily Average)
(Based on Weather Monitoring at Rashid Meteorological Station; 40 km West to the Site)
Av. Temperature (oC)
Month

Lowest
Daily
Min.

Relative
Humidity
(%)

Average
Monthly
Wind Speed
(Knots) (2)

Rainfall
Max. in
Total
a
Monthly
Single
(mm/month)
Day

Daily

Daily

Max.

Min.

Highest
Daily
Max.

18.9
19.6
21.5
24.2
26.8
28.9
29.8
30.8

9.2
9.7
11.7
13.7
15.3
20.3
22.8
23.1

27.0
24.6
31.0
28.6
34.2
31.2
30.8
31.8

6.2
6.6
10.0
13.6
15.0
20.8
22.2
24.0

70
68
68
70
73
74
77
74

10
10
9
10
9
9
11
10

46.4
27.3
8.9
3.0
1.7
0.0
0.0
0.0

15.1
8.8
0.7
0.1
0.0
0.0
0.0
0.0

29.6

21.2

31.6

21.5

71

10

0.5

0.0

27.9
24.6
20.6

17.7
14.6
10.7

30.4
30.2
22.8

16.8
13.5
9.2

66
66
71

11
10
9

7.8
33.4
57.6

2.0
3.4
17.0

25.3

16.1

-

-

70.7

9.83(3)

180.6

-

Average

Average

(mm/day)

January
February
March
April
May
June
July
August
Septembe
r
October
November
December
Annual
Average
Notes:

(1) This data is extracted from Rashid meteorological station records, and it covers area of 50 km radius.

(2)

Knot = 1.85 km/hr.
(3) 9.83 Knots = 5.05 m/sec.
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Table 5-5
Summary of Coastal Storms

No.

Local Storm Name

Expected Date
of Occurrence

Approximate
Duration

1

Nawat El-Saliba

Sep. 27

3 days

2

Nawat El-Saliba

Oct. 21

3 days

3

Nawat El- Maknassa

Nov. 26

3 days

4

Nawat Kassem

Dec. 4

3 days

5

Nawat El-Fida

Dec. 26

2 days

6

Nawat El-Ghatas

Jan. 11

3 days

7

Nawat El- Fida El-Kabira

Jan. 19

5 days

8

Nawat El-Karam

Jan. 29

2 days

9

Nawat El-Shams

Feb. 8

5 days

10

Nawat El-Hosoum

Mar.10

8 days

11

Nawat El- Shams El-Kabira

Mar. 20

2 days

12

Nawat El- Aowa

Mar. 25

6 days

13

Nawat El-Khamassin

Apr. 30

------

14

Nawat El-Nokta

Jul. 18

------
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Figure 5-23
Wind Rose of Burullus Zone
(Baltim Meteorological Station, Years 1968-2012)
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Figure 5-24
Depressions and Sand Dune Fields of the Western Desert

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 76 of 305

5.4

AMBIENT AIR QUALITY

5.4.1

Ambient Air Quality Data

Introduction
Concentrations of ambient pollutants vary according to both time and location. They are
affected by many factors, the most significant being the size, number and location of emission
sources and the prevailing weather.
Nitrogen dioxide is the only significant pollutant emitted to the atmosphere from a gas fired
power plant, with respect to human health effects. The other combustion products of natural
gas are CO2 and H2O. When fuel oil is burnt, SO2 and particulate matter become significant
emissions of concern.

Monitoring at the Site
Energy and Environment Research Center (E2RC), Tabbin Institute for Metallurgical Studies
(TIMS), undertook air quality monitoring at the proposed site during July 2015. Monitoring took
place at four monitoring points located at the boundary four points at the four geographic
directions as shown in Figure 5-25 (A).
Continuous measurements, over a period of 24 hours, were taken for nitrogen oxides (NOx),
carbon monoxide (CO), Surface Ozone (O3) dioxide (CO2), sulfur dioxide (SO2), aldehydes
(HCHO), hydrogen sulfide (H2S), smoke and total suspended particulates. The results of this
monitoring are shown in Table 5-6 and Table 5-7 below. Comparison with Egyptian Threshold
Limit Values (TLVs) (as stipulated by Law 4/1994- Law 9/2009) show that the concentration of
gaseous pollutants in ambient air at the proposed site were well below the TLVs for 24 hour
averages.
Weather station data at active air area (BU1-BU2-BU3-BU4) for 24hr of monitoring is shown in
Table 5-7 (B) and Wind Rose is shown in Figure 5-25 (B).
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Figure 5-25 (A)
Burullus Site Plan and the Selected Monitoring Locations
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Table 5-6
Mean Concentration of Gaseous Air Pollutants at the Proposed Project Site
(24 hour average), July 2015

Site No.

CO
(mg/m3)

Corner (1)
Corner (2)
Corner (3)
Corner (4)
Mean
EEAA TLV(1)
Notes:
(1)
(2)

0.20
0.22
0.21
0.14
0.19
10(2)

O3

SO2
3

NO2
3

( g/m )
28.10
29.65
31.10
32.50
30.33
-

HCHO
3

( g/m )
2.78
0.04
0.49
0.75
1.02
150

( g/m )
0.31
3.19
0.42
0.16
1.02
150

3

( g/m )
3.37
8.54
7.22
5.01
6.07
-

H2S
( g/m3)
0.95
0.93
0.86
0.88
0.88
-

Egyptian Standard for Threshold Limit Value (TLV) for Ambient Air Quality(24 hour means)as
stipulated by the Law 4/1994- Law 9/2009.
8 hour mean.

Table 5-7 (A)
Mean Concentration of Non-Gaseous Air Pollutants at the Proposed Project Site
( 24 hour average), July 2015

Site No.
Corner (1)
Corner (2)
Corner (3)
Corner (4)
Mean
EEAA TLV*

TSP
3

( g/m )
46.5
45.9
48.2
50.4
47.75
230

PM10
8.25
9.40
10.1
12.4
10.04
150

PM2.5
( g/m3)
5.7
6.1
7.5
8.1
6.85
80

Notes:
* Stipulated by the Law 4/1994- Law 9/2009.
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Table 5-7 (B)
Weather Station Data During Air Quality Measurements,
14 July 2015
Date
Time
07/13 12
07/13 13
07/13 14
07/13 15
07/13 16
07/13 17
07/13 18
07/13 19
07/13 20
07/13 21
07/13 22
07/13 23
07/14 00
07/14 01
07/14 02
07/14 03
07/14 04
07/14 05
07/14 06
07/14 07
07/14 08
07/14 09
07/14 10
07/14 11

WS
(M/Sec.)
3.8
0.4
0.3
1.4
0.6
0.6
1.0
1.5
1.0
0.1
1.3
1.2
3.7
0.3
1.5
1.6
1.5
1.5
2.5
1.9
1.4
0.0
0.0
1.7

WD
(Deg)
267
168
168
189
173
173
187
137
170
241
143
145
288
355
330
327
328
319
287
310
340
69
68
22

AT
(Deg C)
27.4
27.7
27.7
27.7
27.8
27.1
26.7
25.8
25.6
25.3
25.1
24.9
23.3
24.7
24.7
24.6
24.5
24.5
24.6
24.6
25.4
25.6
26.3
26.6

RH
(%RH)
64
66
65
66
66
69
71
74
78
80
82
83
85
86
85
86
86
87
87
80
76
75
70
70

BP
(Mbar)
1004.7
1006.7
1006.8
1006.7
1006.5
1006.3
1006.6
1004.8
1007.4
1007.8
1008.0
1007.7
999.4
1006.9
1006.8
1006.5
1006.4
1006.5
1006.9
1005.0
1007.4
1007.7
1007.9
1007.9

GUST
(M/Sec.)
9.6
7.3
6.3
8.6
8.3
7.4
6.8
2.9
3.0
2.4
2.4
2.7
5.7
5.2
5.2
5.5
4.9
4.2
4.2
3.5
4.6
0.0
0.0
6.4
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Figure 5-25 (B)
Wind Rose at the Burullus Site During Air Quality Measurements,
July 2015
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The low level of particulate matter, which reached mean value of 14.6 g/m3 in July 2015,was
far below the Egyptian standards for maximum 24 hour mean concentration at the Burullus
Power plant site. Low level value is likely to be due to rare emissions of particles from wet
surface at the surroundings. This level is likely to be kept as Burullus Power plant construction
and plantation program is implemented.
The level of NO2, which reached low mean value of 1.02 µgm/m3 in July 2015, is likely to be
due to emissions from few vehicles entring the site.
The level of PM2.5 at measurement points is likely to be due to very low traffic in the coastal
area.
5.4.2

Existing Sources of Atmospheric Pollutants

No key existing sources of atmospheric pollution in the project area. The site and its
surroundings are totally empty extended sandy land.
On the basis of the monitoring data available for the proposed site and from our observations
at the site, the air shed around the project site is likely to have the general characteristics of
rural area air shed (Non-Degradeed Air Shed).
As a result, air pollution in BurullusCoastal Zone is appropriately far below health standards for
major pollutants.
Ambient concentrations of TSP and PM10 are very low, and are complying with the WB/IFC
guidelines for determining air sheds of good quality. Short term monitoring of ambient air
quality at the site (and as given in Tables 5-6 and 5-7), suggests that ambient concentrations
of all other pollutants are well below WB/IFC air shed guidelines.
5.4.3

Particulate Matter Constituents

Use of combined cycle power plants needs a special concern on constituents of particulate
matters that exist within the air shed around the project site.
For providing an adequate database on this information, an analytical study was undertaken
during July 2015 by the E2RC/TIMS. The main outcomes of this study are summarized as
follows.
Smoke
The smoke particle size ranges, on the average, between 0.07 m and 0.1 m at the
proposed site. Due to this very small size, smoke behaves in many ways like a gas and has
the same penetration power as the gas. Also, smoke does not remain in the atmosphere for a
long time. The average time of remaining in suspension was estimated to be 1-2 days.
Suspended Dust
Tables 5-8 through 5-13 give useful information on dust size.
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Table 5-8
Average Concentration (in g/m3) and Percentage of
Suspended Dust at the Proposed Site
Concentration
( g/m3)

Percentage
(%)

< 0.2 m

3.60

24.72

0.2-10 m

11.10

75.28

Dust Size

Table 5-9
Water-Soluble and Insoluble Chemical Constituents of
Suspended Dust at the Proposed Site, Percentage
Dust Size

Water-Soluble Matter (%)
Chlorides

Sulfates

Ammonium

Nitrate

< 0.2 m

1.21

0.45

0.039

0.33

0.2-10 m

1.01

0.38

0.003

0.29

Nitrite

0.0001
2
0.0001
1

Water-Insoluble Matter (%)
Org.M.
Com.M
Ash

3.42

17.34

73.77

2.95

13.11

72.11

Notes:
Org. M. = Organic Matter
Com. M. = Combustible Matter
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Table 5-10
Metals in Suspended Dust, Percentage

Lead
(Pb)

Iron
(Fe)

Cadmium
(Cd)

1.19

Potassiu
m
(K)
0.95

N.D.(*)

0.06

N.D.

1.01

0.79

N.D.

0.03

N.D.

Dust Size

Calcium
(Ca)

Sodium
(Na)

< 0.2 m

0.96

0.2-10 m

0.84

Notes:
(*) N.D.= Not Detected.

Dustfall
Table 5-11
Average Rate of Dustfall (in gm/m2/month) and Percentage of
Different Sizes (in m) at the Proposed Site
Dustfall Rate

Dustfall Size (%)

(gm/m2/month)

> 90

90-80

80-63

63-45

< 45

1.03

31.20

6.94

14.80

22.68

24.81

Table 5-12
Water-Soluble and Insoluble Chemical Constituents of
Dustfall at the Proposed Site, Percentage
Dustfall
Size ( m)

Chlorides

Sulfates

Water-Soluble Matter (%)
Ammonium

Nitrate

Nitrite

Water-Insoluble Matter (%)
Org.M.
Comb.M.
Ash

> 90

0.65

0.27

0.02

0.17

0.003

0.36

14.11

75.43

90-80

2.58

0.47

0.04

0.45

0.002

1.23

10.32

71.44

80-63

1.33

0.99

0.01

0.18

0.001

0.43

31.79

47.33

63-45

0.72

0.29

0.01

0.25

0.001

0.83

14.21

71.38

< 45

1.01

0.35

0.03

0.23

0.001

2.55

14.33

69.11

Notes:
Org. M. = Organic Matter
Com. M. = Combustible Matter
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Table 5-13
Metals in Dustfall, Percentage
Dustfall
Size ( m)

Calcium
(Ca)

Sodium
(Na)

Potassium
(K)

Lead
(Pb)

Iron
(Fe)

Cadmium
(Cd)

> 90
90-80
80-63
63-45
< 45

0.17
0.43
0.30
0.29
0.31

0.09
0.22
0.12
0.13
0.41

0.10
0.13
0.12
0.12
0.22

0.004
0.04
0.01
0.01
0.02

0.039
1.02
0.89
0.01
1.31

0.0002
0.001
0.001
0.001
0.001

Examining the above tables gives useful conclusions as follows:
Smoke particulates range in size between 0.07 and 0.1 m on average.
The < 0.2 m suspended dust reaches on average 24.72% which is acceptable taking into
consideration its limited size range which lies between 0.2 and 0.1 m. The 0.2-10 m
wide size range reaches, on average, an expected result of 75.28%
Dustfall contains both small and big sizes with high different percentages; less distribution
of small sizes and high distribution of medium & large sizes.
The concentrations of chlorides, sulfates, ammonium, nitrates, nitrites decrease in < 0.2
m, while the concentration of organic matter and combustible matter increase in < 0.2
m fine suspended dust.
The concentrations of ash increase in 0.2-10 m suspended dust.
The concentrations of the majority of water-soluble and insoluble constituents of dustfall
do not indicate a clear trend for decreasing or increasing with particle size. Most of metals
have the same condition.
There is a clear relationship between the concentrations of calcium, sodium, potassium,
lead, iron and cadmium and the difference in size of suspended dust. The concentrations
of the six metals increase with decreasing in particle size.
All information above should be of great importance in the design and engineering of
the power plant.
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5.5

AQUATIC ENVIRONMENT

5.5.1

Introduction

The data on the existing aquatic environment has been assimilated from discussions with the
Institute of Marine Scineces and Fishery (IMSF), Hydraulics Research Institute (HRI), National
Authority for Remote Sensing & Space Sciences (NARSS), the National Research Center and
a review of relevant literature, which comprised:
Dr. Omran Frihy and Others (August 2015); Bathymetry, Hydrodynamic Processes
and Physio-chemical Characteristics of Sea Water in the Central Coast of the Nile
Delta at Burullus Power Project Site, Institute of Marine Scineces and Fishery
(IMSF) Marine Studies Department;
Prof. Dr. Ahmed Morsi (August 2015); Assessment of Water Quality along Selected
Site around the Proposed Electric Generation Station at Burullus Coastal Line,
National Research Center.
El-Sayed, S. and van Dijken, G.L. (1992); The Southeastern Mediterranean
Ecosystem Revisited: Thirty Years after the Construction of the Aswan High
Dam,Internet Document;
Förstner, U.(1989); Contaminated Sediments, Springer Verlag, Berlin;
The proposed site is located in a flat coastal plain with an open and exposed foreshore and
beach. The site is bordered by the Mediterranean Sea to the north of the project area. The
region is generally hot and arid with less than 2 cm of rain annually and average humidity
levels of 69-73%. The predominant wind direction is from the northwest, and although airborne
dust concentrations can be high, air quality is generally good. Existing noise levels are also
low, although the new International Highway runs close to the project area. No known
archaeological features are present on the site.
The physiographic provinces of the study area characterize the Nile Delta coasts, where the
Mediterranean foreshore province represents all the area of low relief terrain extending east
Baltim Mouth and inland to the International Road. The landforms are predominantly sand and
mud.
The coastal zone generally consists of the interaction between land and sea processes. The
coastal zone has become the major site for extensive economic activities where many of the
coastal developing projects depend essentially on the coastal resources for economic
purposes. The present study provides with the necessary information on the shoreline
behavior over different last years. The proposed project considers the installation of the
offshore pipeline for using sea water for service water and wet cooling towers system and
discharging treated waste water again from the plant site to seawater at Burullus, Kafr eshSheikh.
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5.5.2

Marine Environment

The proposed Burullus Power Plant (BPP) is located at ~40 km east of Rosetta Nile branch
corresponding to~15 km west of the Burullus lagoon inlet in the central Nile delta coast of
Egypt within the Governorate of Kafr esh-Sheikh (Figure 5-26).It alsolies ~26.2 km east of the
under construction Benchmark Power Plant which is located at ~15 km east of the Rosetta
Nile branch (Figure 5-27). The dimension of the project area (in kilometers)is approximately
0.94 (western limit), 1.2 (water-front limit), 0.83 (eastern limit), and 1.2(southern limit). The setback line between the high-water line and the front line of the proposed power plant buildings
is about 200 m in the cross-shore direction; this distance meets the regulations of Egyptian
Environment Low#4 1994.The geographic coordinates ofthe four corners of this power plant
are listed in Table 5-14. Location of this site is shown in Figure 5-26. The layout design of
the water intake and outfall of this plant are also shown on top of the below figure .
Table 5-14
Geographic Coordinates for 4 Corners of the Burullus Power Plant Project
Projected Coordinate
Systems UTM Zone 36 N
(WGS84)

Geographic Coordinate Systems World (WGS84)

Corner#

Longitude
East

Latitude

North
Deg.

Min.

Sec.

Deg.

Min.

Sec.

BU1

292621.8

3490229.3

30

48

57.6

31

31

41

BU2

292249.8

3490967.5

30

48

42.9

31

32

5.0

BU3

291141.4

3490533.6

30

48

1.2

31

31

50

BU4

291558.0

3489690.0

30

48

17.7

31

31

23
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Figure 5-26
Simplified Geographic Map of the Burullus Power Plant Project
in the Central Coast of the Nile Delta on the Mediterranean Sea of Egypt
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a) Study Area
The shoreline of the project area is generally oriented WSW-ENE, having an angle of 70o from
the north (clockwise direction) (Figure 5-26). The coastlineis generally unprotected, longstraight covered with clean fine and medium grain sand. The shore is backed by a sandy wide
backshore of 2.5 km width and 1-2 m elevation above the mean sea-level. The backshore is
bordered to the south by the coastal road and the brackish Burullus lagoon, also referred to as
lakes (Figure 5-26). The Burullus lagoon barrier (37 km long) is relatively wide (0.6-5.0 km)and
are presently subjected to insignificant erosion and land subsidence (Frihy and El SayedMkh,
2013).
The lack of any significant shelters for the project shoreline means that it is essentially open to
all waves approaching from the two main quadrants; the N-W and N-E.This implies that this
coastline is much more dynamic in morphologic changes under varying wave conditions and
thereby can be classified as wave-dominated coast (Coleman et al. 1981). As the Nile delta is
a wave-dominated coastline, wave-induced long-shore currents are the main coastal process
acting to cause morphologic changes. In practice, a longshore current is generated in the surf
zone when waves approach the coast at a certain angle.
The beach area has a relatively gentle slope and a wide surf zone where waves dissipate
before reaching the shore (Naffa and Frihy, 1993). A series of sand bars, 3 at least, have been
observed all the year mostly within the surfzone (Figure 5-27-C). These active bars are
constantly moving, depending on wave conditions. Winter and summer bars havebeen
documented in this zone by Manohar (1979).The beach experiences relative low rate of
erosion due to its pronouncedgeographic orientation versus the prevailing WNW and NW
waves. Sand eroded from the beach is transported to the east by the prevailing unidirectional
NW wave-induced longshore current where it is locally blockaded by the Burullus inlet jetty,
approximately 15 km east of the project site (Fanos et al., 1995).
The study coastline is not interrupted by any drains or canals discharge water in the sea. The
inlet of the Burullus lagoon lies about 15 km to the east of the project area. The project
backshore is topographically elevated by 1-2 m above the mean sea level; thereby its land
surface is relatively low-lying to the accelerated effects of sea-level rise due to climate change.
b) Description of the Burullus Power Plant's Coastal Facilities
The plant intake and outfall (discharger) structures were designed to be built directly at the
shoreline to use the sea water for the process of cooling water operation system. These
structures were planned to be built at the eastern limit of the power plant facilities (Figure 526).
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Figure 5-27
Representative Photographs Taken at the Study Site:
(A) Surveying backshore and establishing the baseline of the measured beach-nearshore profiles,
(B) Isolated foredunes covering the backshore area, (C) Shore-parallel wave breakings, indicating the
wide and dissipative nature of the surf zone. (D) Longshore current buoy used to measure current at 3
stations along the study area.
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The entrance of the water intake has been designed to be stabilized by the construction of a
pair ofbreakwaters or jettieswith an equal length of 150 m and 30 spacing between them.
According to the recent bathymetric survey, the 150m distance corresponds to ~1.5 m water
depth. It was planned to dredge the channel between the two breakwaters up to -3m contour
to inshorecontinuous water flow to the power plantwater well. A d-wall with slots is planned to
be placed in the entrance of the breakwaters to mitigate expected sedimentation between
them.
The water outfall is positioned approximately 15 m to the east of the intake. The outfallwas
planned to be built on the beach-face with a dimension of 10 m by 15 m. The outfall structure
will be covered by a riprap stones (Figure 5-27). As designed, the intake water flow was
estimatedto be 10 m3/sec.
c) Field Activities
Geographic locations of various field activities undertaken in the presentstudy are graphically
symbolized in Figure 5-28. Field activities of the land and marine surveyswere carried out
during summer of 4, 19-21and 30 July 2015. These activities include the following:
Surveying the cross-shore profile lines and their contiguous shore-parallel baseline.
Surveying the oceanographic stations of the beach and seabed bottom sediments,
water samples and measuring longshore currents (speed and direction).
Positioningthe pinch mark or control point (BM10) used for leveling correction.
Data collected during these activities werestored in the spreadsheet of the Excel-2007. At
each station, basic information was documented including oceanographic station/profile
numbers, their geographic projected coordinates ('UTM' Universal Transverse Mercator, metric
systems), Zone 36, and corrected water depth in meters. Measured water depths are
corrected relative to the mean water level. This correction was carried out using
measurements of in situ water level tidal variations read on a measuring metric staff placed
vertically in the sea.
Figure 5-28 depicts Study area of the Burullus Power Plant project in middle coastof the Nile
delta showing various field activities undertaken during 19-21 July 2015: positions of profile
lines (33 lines), oceanographic stations (15 stations), beach samples (5 stations) and
measuring longshore currents (3 stations). At each oceanographic station, seabed sediments
and water samples were collected.
The following section describesland and marine field activities undertaken along the project
area.
d) Beach-nearshore Profile Survey
The profiling surveyhas been undertaken in two successive stages, during 19–21, July 2015.
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Figure 5-28
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Land Survey
Before initiating the marine survey, a baseline connecting the predefined profiles was fixed
alongshore. A wood bar is fixed on the beach at the high-high water level at points connecting
between profiles and the baseline. These points represent the start points for the predefined
beach-nearshoreprofiles which end at about 4.5 km offshore the baseline, corresponding to 12
m water depth (Figure 5-28). The geographic coordinates of the start and end points of the 33
surveyed profilesare listed in Table 5-15 and theirgeographic locationsinFigure 5-28.
Table 5-15
Geographic Coordinates of Start and End Points of the 33 Surveyed Profiles

Profile name

Coordinates are in a regular coordinate format, UTM system
(Universal Transverse Mercator), Zone 36 WGS 84 .
Start Points
Geographic
Coordinates
World(WGS 84)
Lat. (0 -) N Log. (0-) E

End Points

Projected Coordinates
(UTM zone 36 N “WGS
84”)
East (m)

North (m)

Geographic
Coordinates
World(WGS 84)
Lat. (0 -) N Log. (0-) E

Projected Coordinates
(UTM zone 36 N “WGS
84”)
East (m)

North (m)

P1

30 46.165

31 31.194

288194

3489379

30 45.548

31 33.705

287313

3494038

P2

30 46.315

31 31.349

288437

3489660

30 45.684

31 33.739

287530

3494097

P3

30 46.464

31 31.383

288674

3489719

30 45.813

31 33.772

287735

3494154

P4

30 46.644

31 31.383

288960

3489712

30 45.947

31 33.807

287948

3494213

P5

30 46.770

31 31.485

289164

3489897

30 46.075

31 33.840

288152

3494270

P6

30 46.924

31 31.530

289409

3489974

30 46.227

31 33.878

288394

3494337

P7

30 47.092

31 31.507

289674

3489927

30 46.378

31 33.917

288635

3494403

P8

30 47.234

31 31.583

289902

3490064

30 46.530

31 33.956

288876

3494470

P9

30 47.368

31 31.681

290116

3490240

30 46.682

31 33.995

289117

3494537

P10

30 47.510

31 31.728

290343

3490322

30 46.832

31 34.033

289357

3494604

P11

30 47.680

31 31.723

290613

3490307

30 46.984

31 34.072

289599

3494671

P12

30 47.813

31 31.826

290828

3490493

30 47.136

31 34.111

289841

3494737

P13

30 47.962

31 31.866

291065

3490563

30 47.287

31 34.150

290082

3494804

P14

30 48.084

31 31.793

291254

3490423

30 47.378

31 34.173

290226

3494844

P15

30 48.141

31 31.927

291350

3490670

30 47.469

31 34.196

290371

3494884

P16

30 48.232

31 31.948

291494

3490705

30 47.560

31 34.219

290516

3494924

P17

30 48.321

31 31.979

291636

3490760

30 47.651

31 34.243

290660

3494964

P18

30 48.415

31 32.013

291787

3490821

30 47.743

31 34.266

290806

3495005

P19

30 48.499

31 32.045

291920

3490876

30 47.833

31 34.289

290950

3495045

P20

30 48.592

31 32.058

292069

3490898

30 47.924

31 34.313

291095

3495085

P21

30 48.680

31 32.085

292208

3490945

30 48.015

31 34.336

291239

3495125
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Table 5-15 (Contd.)
Geographic Coordinates of Start and End Points of the 33 Surveyed Profiles

Profile name

Coordinates are in a regular coordinate format, UTM system
(Universal Transverse Mercator), Zone 36 WGS 84 .
Start Points
Geographic
Projected Coordinates
Coordinates
(UTM zone 36 N “WGS
84”)
World(WGS 84)
Lat. (0 -) N Log. (0-) E

East (m)

North (m)

End Points
Geographic
Projected Coordinates
Coordinates
(UTM zone 36 N “WGS
World(WGS 84)
84”)
Lat. (0 -) N Log. (0-) E

East (m)

North (m)

P22

30 48.817

31 32.167

292429

3491092 30 48.166

31 34.374

291480

3495191

P23

30 48.967

31 32.222

292668

3491188 30 48.318

31 34.413

291722

3495258

P24
P25

30 49.130
30 49.264

31 32.212
31 32.320

292925
293141

3491166 30 48.469
3491359 30 48.621

31 34.452
31 34.491

291962
292204

3495325
3495392

P26
P27

30 49.423
30 49.566

31 32.329
31 32.405

293393
293622

3491372 30 48.772
3491507 30 48.924

31 34.529
31 34.568

292445
292686

3495459
3495525

P28
P29

30 49.737
30 49.889

31 32.399
31 32.439

293894
294135

3491492 30 49.076
3491560 30 49.299

31 34.607
31 34.664

292929
293284

3495592
3495691

P30
P31

30 50.066
30 50.194

31 32.370
31 32.520

294412
294621

3491427 30 49.450
3491701 30 49.660

31 34.703
31 34.756

293523
293858

3495757
3495850

P32
P33

30 50.347
30 50.532

31 32.583
31 32.635

294865
295160

3491812 30 49.856
3491902 30 50.093

31 34.806
31 34.867

294170
294546

3495936
3496040

At each profile, backshore leveling from the low-waterline to an inland distance of ~200 m long
was measured using the leveling instrument and the DGPS at 10 m intervals. The geographic
coordinates were measured using the DGPSFuruno, GP 32 connected with a Laptop
computer. The Differential Global Positioning Instrument (DGPS) has a relative accuracy of
<1.0m and horizontal accuracy ±1 m. This DGPS was also used to measure the shoreline
position of the study area. Before the survey, the positioning accuracy of GPS was checked
with a predefined control point of known coordinates fixed on the backshore.
Leveling of the land surface was carried out using a leveling instrument SOKIA C320 and
aluminum graduated staff (Figure 5-27(A)). The geographic coordinates of the measured
points and shoreline position are measured in accordance with the UTMmetric systems, Zone
36 (WGS-84).
Data of measured land levels was corrected with respect to the mean water level using a
benchmark (control point) located within the project site and water level variations measured in
the project sitevia a graduated vertical staff. The control point number BM10 fixed by
ORASCOM (2015) has been used for correction (Location in Figure 5-28). A Laptop computer
loaded by navigation software was used to determine the position of profile base points,
capture and store all data collected during the land and marine surveys.
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Marine Profile Survey
In order to determine seabed morphologies (geometry, irregularities and slope), beachnearshore profiles (distance from shoreline versus elevation) were surveyed at different
locations off the study area. To detect small-scale (centimeters) accuracy in measuring water
depth (soundings), profile surveying was carried out in two steps. The surf-zone was surveyed
on foot in connection with a small rubber boat during the land survey. This zone, where waves
break, lies between the shoreline and water depth of about 2.0 meters.
The offshore zone from ~2 m to ~12 m (~4.5km from the coastline) was surveyed using
anoutboard middle-sizefiberglass boat (85 horse power) with1.0 m draft. The measured land
elevation and water depth wereadjusted to the Mean Sea Level (MSL) by the aid oflocal
benchmark (BM10) and water level measurements read every 30 minutes on a vertical
graduated staff placed in sea water. Care was taken to ensure that there was a suitable
overlap between each of these surveystages whenever it is possible.
Although the waterfront side of this project is relatively short being ~1200 m long, the present
survey spans approximately 7 km long. This coastal stretch ensures wide coverage for the
adjacent western and eastern neighborhood environments. Therefore, the dimension of the
study area is about 7 km alongshore by 4.5km cross-shore, corresponding to an area of about
35 km2.
To cover evenly the study area, 33closely spaced beach-seashore profile lines were
established. The profile lines are nearly perpendicular to the coastline, nearly heading SouthNorth (Figure 5-28). The profile data were surveyed along these profiles (numbered P1
through P33) and extend about 7 km alongshore and up to 4.5 km offshore from the baseline
corresponding to the ~12 meter depth contour (Figure 5-28). Profiles are spaced at nominal
100 m to 250 m intervals. The closer spacing provides much better resolution of bottom
features particularly in the middle of the surveyed area where the power plant lies; i.e. spacing
between profiles becomes progressively narrower in the vicinity of the project area, being 100
m.
Seaward of each beach profile, soundings (water depth) were measured every one second,
corresponding to 2- 4 m apart (relative to the boat speed)and extend up to~4.5 km offshore at
12m water depth contour. The marine survey was carried out in calm-weather using a small
boat equipped with a Laptop computer, a DGPS (GPS Navigation Furuno, GP 32), Echo
Sounder (Furuno Echo sounder model LS-6100), and a developednavigation software.The
depth accuracy of the Echo Sounder has beencalibrated with the right depth value using a
measuring metric iron-board. Depth soundings were measured in relation to mean sea level
(MSL) using the controlpointBU10 placed by ORASCOM (2015) to perform the topographic
survey of the project area.This local point (a nail fixed in a concrete slab) has a UTM
coordinate of 291884.330 (Easting) and 3490978.593 (Northing), with an elevation of 3.647 m
above MSL. The geographic position of this control point is shown in Figure 5-28.
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The surveyed profile data downloaded from the computer consists of X and Y (horizontal
geographic coordinates) and Z (corrected water depth) are first arranged in spread sheets
(Microsoft Office Excel). For each profile line, data list includes profile number, station
coordinates, date, time, measured depth, and corrected depth.Horizontal coordinates, Latitude
and Longitude, in degree and minutes (WGS-84)are converted into UTM zone 36 (WGS-84)
using specific software for this objective (Franson CoordTransv 2.2). The profile locations,
spacing and length are shown in Figure 5-28. Beach level, as well as water depth is adjusted
to mean sea level (MSL). No obstacles exist in the surveyed area such as light buoys,
submarine cable, pipeline, land drainage facilities, jetty, bridge, and slope protection.
Longshore Current Measurements
As the study area is a wave-dominated coastline, longshore and offshore currents , speed and
direction, are acting to move sediment and water in the study area. Longshore current was
measured at three predefined oceanographic stations during the field survey. Locations of
these stations areshown in Figure (5-28). Measurements were taken inside the surf-zone, in
water depths ranging from 1.2 to 1.5 m, by tracking the movement of a float (buoy), and
measuring the time it takes to travel a distance of 20 m in the longshore direction
(Table 5-16). The buoyhas a conicalsmall sizeshape (~20 x 20 cm) with a cross shape helm in
its bottom. It was designed to be totally underwater with the exception of few centimeters in air
so that it is driven by water and not by wind (Figure 5-27-D). Measurements were taken twice
in the morning and in the afternoon for 3 days (4, 19 and 30 July 2015).
Sediment Sampling
A total of 5 beach samples (B 1 to B5) and 15 seabed sediment samples (Bot1 to Bot15) were
collected at the study site, location is shown in Figure 5-28. The geographic coordinates of
these samples, using projected coordinate system UTM zone 36 WGS84, are listed in Table 516. Seabed samples were taken using galvanized Van Veengrab sampler while beach
samples were collected by hand. In laboratory, seabed samples were randomly analyzed for
grain size distribution.
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Table 5-16

1

P1

(0 -) N
31 31.41

2

P7

31 31.69

3

P17

4
5

North (m)

30 46.11 288118.82 3489782.1 0.25

-

Carbonate%

Longitude
East (m)
(0 -) E

Grain size

Latitude

Longshore
Current

Beach

Projected
Geographic
Coordinates World Coordinates (UTM
zone 36 N “WGS
(WGS 84)
84”)

Water depth (m)

Stn #

Profile name

Geographic Coordinates of Beach and Bottom Samples Investigated
in this Study, in UTM and Degrees

B1

B1

30 47.03 289592.42 3490278.01 0.36 LC1

B2

B2

31 32.08

30 48.28 291587.42 3490964.02 0.16 LC2

B3

B3

P27

31 32.51

30 49.53 293576.55 3491707.14 0.15 LC3

B4

B4

P33

31 32.80

30 50.50 295116.21 3492209.2 0.12

-

B5

B5

P2
P2
P5
P8
P8
P11
P16
P17
P20
P25
P25
P26
P31
P32
P33

31 31.79
31 33.13
31 32.59
31 32.13
31 33.37
31 32.83
31 33.60
31 32.47
31 33.06
31 32.78
31 33.93
31 33.34
31 33.54
31 34.25
31 33.19

30 46.231
30 46.074
30 46.504
30 47.115
30 46.719
30 47.401
30 47.764
30 48.22
30 48.341
30 49.168
30 48.807
30 49.164
30 49.978
30 50.038
30 50.451

-

Bot1
Bot2
Bot3
Bot4
Bot5
Bot6
Bot7
Bot8
Bot9
Bot10
Bot11
Bot12
Bot13
Bot14
Bot15

Bot1
Bot2
Bot3
Bot4
Bot5
Bot6
Bot7
Bot8
Bot9
Bot10
Bot11
Bot12
Bot13
Bot14
Bot15

Bottom
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

288321
288124
288783
289734
289153
290212
290815
291495
291708
293007
292477
293021
294317
294437
295051

3490484
3492968
3491939
3491081
3493383
3492354
3493772
3491662
3492752
3492210
3494346
3493250
3493599
3494910
3492924

3.9
8.7
6.9
4.2
9.3
6.6
9.4
4.5
6.3
4.4
9.3
6.9
6.6
9.7
4.5

W1
W2
W3
W4
W5
W6
W7
W8
W9
W10
W11
W12
W13
W14
W15

Sed1
Sed2
Sed3
Sed4
Sed5
Sed6
Sed7
Sed8
Sed9
Sed10
Sed11
Sed12
Sed13
Sed14
Sed15

Water sampling
As water depth in the study area is relatively shallow, water samples (W1 to W15)were
collected in near surface at the 15 oceanographic stations using 5-liters capacity PVC Niskin
bottle. Samples were kept in polyethylene Jerry cans, prewashed with 10% HCl and rinsed
with distilled water. In addition, a 100ml bottle for ammonia fixation and two 250ml bottles for
oxygen and BOD determination were also used. All samples were stored in large ice
boxes.The geographic coordinates of these stations are listed in Table 5-17 and depicted in
Figure 5-28.
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In the laboratory, water samples were analyzed to determine physiochemical characteristics of
the coastal water off the power plant project. These parametersinclude: temperature, salinity,
dissolved oxygen, BOD & COD, dissolved organic matter, pH, total suspended matter,
chlorophyll-a, and nutrient salts (ammonia, nitrite, nitrate, reactive phosphate, total
phosphorus, and reactive silicate.
Table 5-17

Profile name

Geographic Locations of Water Samples Collected from
15 Oceanographic Stations of the Study Area

Projected
Geographic
Coordinates
(UTM
Coordinates World
zone 36 N “WGS
(WGS 84)
84”)
Latitude
(0) N

Longitude
East (m) North (m)
(0) E

P2-S1

31 31.79

30 46.231

288321

3490484

P2-S2

31 33.13

30 46.074

288124

3492968

P5-S1

31 32.59

30 46.504

288783

3491939

P8-S2

31 32.13

30 47.115

289734

3491081

P8-S1

31 33.37

30 46.719

289153

3493383

P11-S1

31 32.83

30 47.401

290212

3492354

P16-S1

31 33.60

30 47.764

290815

3493772

P17-S1

31 32.47

30 48.22

291495

3491662

P20-S1

31 33.06

30 48.341

291708

3492752

P25-S1

31 32.78

30 49.168

293007

3492210

P25-S2

31 33.93

30 48.807

292477

3494346

P26-S1

31 33.34

30 49.164

293021

3493250

P31-S1

31 33.54

30 49.978

294317

3493599

P32-S1

31 34.25

30 50.038

294437

3494910

P33-S1

31 33.19

30 50.451

295051

3492924
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5.5.3 Marine Profiles and Bathymetry Map
Beach-nearshore profiles are commonly used to understand and quantify the variations in seabed
levels which undergo continuous change in response to the acting driving forces such as waves,
tides, sea level, etc. They are also used to generate the detailed bathymetric configurations of
the seafloor. Knowledge of bottom variabilityis extremely important for performingmathematical
models and for designing harbors, water intakes and shore protection erosion controls.
a) Cross-shore Profile Variability
To provide a basis for evaluating the seabed variability of the examined 33 profiles, distance
from baseline versus leveling of the beachface and sounding of seabed (water depth) for each
individual profile lines are plotted in Figure 5-29. These profiles are used to determine seafloor
topography, steepness of the surf-zone, geometric configuration of the seabed, seabed
steepness, seabed features such as submerged sand bars, and type of beaches (refractive or
dissipative).
Most of the examined profiles demonstrated in Figure 5-29 are exceptionally non-uniform in
terms of their slopes and seabed irregularity. Most of these profiles break at 2.5 to 3.0m depth,
corresponding to 200-300m from the shoreline, that separate between the inner foreshore and
outer nearshore slopes. The foreshore or surf-zone show relative gentle slopping between
1:60 and 1:120, with an average of 1:90. Further seaward, the nearshore slope down to 12m
water depth is much gentling and ranges between 1:250 and 1:350, with an average of 1:300
(Figure 5-29).
Most of the non-uniform profiles show prominent accretionary sand features in the form of lowrelief shore-parallel submerged sand bars, single or triple (Figure 5-27C, B). Submersed
sandbars exist in most of the surveyed profiles between the shore and 3m water depth,
corresponding to a maximum of 500m distance from the shoreline (see red arrows in Figure 529). These sandbars indicate dissipativeenergy environments. Incoming waves break and their
energy dissipates on the bar crest; thereby sheltering the zone hosting such sandbars. Of
particular importance is the existence of these sandbars which effectively dissipate the energy
of the deep water waves before reaching the coastline and thereby forming a dissipative
beach. According to Wright and Short (1983), dissipative beaches are those having low slopes
and wide surf zones so that most of the deep-water wave energy is dissipated before the wave
reach the shore, while reflective beaches are the opposite extreme, having steep slopes so
that waves break close to shore and develop directly into an intense swash that runs up and
down the beach face.
Figure 5-29 gives Variability of beach-nearshore profiles measured off the study area on19-21
July 2015; their locations are shown in Figure 5-28. Profiles are generally characterized by a
relatively gently sloping seabed with a wide surf zone (500m). Submersed sand bars (single
totriple) are noticed in most of the surveyed profiles at0-3mwater depth
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Figure 5-29
Variability of Beach-nearshore Profiles Measured of the Study Area on19-21 July 2015
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Figure 5-29 (Contd.)
Variability of Beach-nearshore Profiles Measured of the Study Area on19-21 July 2015
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Figure 5-29 (Contd.)
Variability of Beach-nearshore Profiles Measured of the Study Area on19-21 July 2015
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b) Bathymetry Map
Originally, bathymetry referred to the measurement of ocean or sea depth through depth
sounding. In other words, bathymetry map details the seabed topography in a threedimensional digital format (geographic coordinates versus elevations). One of the major uses
of bathymetry is tohave a clear understanding of the terrain below the water bodies. A study
carried out on the terrain under a water body floor can help understand the water behavior and
sediment transport above that terrain.
In the present study, the bathymetry map was constructed by blending depth soundings
collected from the surveyed 33 beach-nearshore profiles surveyed in 18-21 July 2015. The
raw sounding data obtained from the field survey of these profiles was initially saved as x, y
(coordinates) and z (depth soundings/elevations), and then converted to an evenly spaced grid
using the Golden Software SURFER 12.0 computer program. A "z" depth value was
interpolated at each grid node using the kriging method. The generated bathymetry associated
with the recently surveyed shoreline gives a clear 2D representation of the seabed topographic
features and shapes (Figure 5-30). The generated map of the study area shows distinct
contoured shore-parallel lines. The digital formatted map is available from the principal
investigator so that more resolution contour intervals can be optionally generated.
Figure 5-30 depicts detailed nearshore bathymetry of the study project, generated from the 33
surveyed profile, depicting features and shapes of the seabed. Depth contours are in meters at
1.0 contour interval relative to the mean sea-level. The digital surfer file of this map is available
to produce other contour intervals.

5.5.4 Sediment Characteristics
Seabed samples recovered during the field survey were investigated to quantify their textural
characteristics. A total of 5 beach (B 1 to B5) and 15 seabed sediments samples (Bot1 to
Bot15) were collected at the project site, location in Figure 5-28. The geographic coordinates
of these samples and their corresponding numbers are listed in Table 5-16.
In the field, seabed samples were taken using galvanized Van Veen grab sampler whereas
beach samples by hand. In laboratory, seabed samples were mechanically analyzed to
investigate: complete grain size distribution.
a) Laboratory Analysis and Statistical Parameters
In the laboratory, sand samples collected during the field survey were washed, dried, and
subsequently subjected to complete grain size analysis. As all of the collected samples
coarser than 0.063 mm (62.5 m), they were sieved for 15 minutes with a Ro Tap machine
using standard set of sieves at one phi interval; -1, 0.0, 1.0, 2.0, 3.0, and 4.0; corresponding to
2, 1.0, 0.5, 0.25, 0.125,and 0.625 mm.
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Figure 5-30
Detailed Nearshore Bathymetry of the Study Project

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 104 of 305

The mean grain size and sorting have been calculated using the graphical method adopted by
Folk and Ward (1957). The resulting values of Mz in phi units were converted into millimeters
according to the phi-mm transformation: (mm) = 1/2 . All of these calculating steps are
computer processed using a developed program.
The graphical representation of Mz and I, was accomplished by means of the Surfer software
applying the "linear interpolation" method to provide spatial distribution. The grain size
parameters calculated are:
Mean grain size (Mz). The best graphic measure for determining overall grain size is the
Graphic Mean. Mz is given by the following equation:
Graphic mean grain size (Mz) = (Ø16 + Ø50 + Ø84) / 3
Inclusive standard deviation (µI ): It is very close to the standard deviation of the
statistician and described herein as a good measure of grain sorting or uniformity. It is
given by:
Inclusive graphic standard deviation (µI ) = (Ø84 - Ø16) / 4 + (Ø95 - Ø5) / 6.6.
b) Spatial distribution of mean grain size and sorting
Results obtained from grain size analysis of beach and bottom sediments are listed in Table 518. This Table also summarizes simple statistics of the examined samples, including range
and average of mean grain size and sorting (standard deviation). Interestingly, no sediments
finer than silt such as clay exist in the examined samples, all are composed of sand.
According to the grain size nomenclature of Folk (1074), the mean grain size of the collected
beach samples ranges between 0.17 mm (fine sand) and 0.29 mm (medium) with an average
of 0.23 mm, i.e., fine sand (Table 5-18). The mean grain size of seabed samples ranges
between 0.09 mm (very fine sand) and 0.39 mm (medium sand), with an average of 0.14mm
i.e., fine sand.
In view of sorting, beach sand ranges in standard deviation from 0.55 Ø(moderately well
sorted ) to 0.65 Ø (moderately well sorted ) with an average of 0.61Ø, i.e., moderately well
sorted. Seabed samples ranges in sorting between 0.43 Ø(well sorted) and 1.12 Ø (poorly well
sorted) with an average of 0.64 Ø, i.e., moderately well sorted.
The proportion of sand, silt, mean grain size and grain sorting (standard deviation) are
spatially distributed off the study areain Figure 5-31.
The spatial distribution of mean grain size and silt percentagesin the seabed samples
indicates a generalfining trend in the seaward and eastward directions. This fining pattern
indicates sediment is being dispersed by cross-shore and alongshore transport processes.
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Grain sorting pattern shows a distinct geographic trend where values of standard deviation
decrease seaward, i.e. getting less sorted.
Sediment in the littoral zone is generally affected by the natural source sediments which
wereoriginally discharged by the Rosetta Nile mouth before damming the Nile River in 1964.
Presently, sediment eroded from the Rosetta promontory tip is transported to the east along
the lagoon barrier coastline including the project area via east-directed longshore currents.

Table 5-18 provides Data of grain size distribution of the examined sediment samples:
beach "B" and bottom "Bot" samples. Geographic locations are in Figure 5-28.
Table 5-18

> 0.0020 mm

0.0039 to 0.0020

0.0078 to 0.0039

0.0156 to 0.0078

0.031 to 0.0156

0.0625 to 0.031

0.33 1.61 10.35 78.58 8.76

0

0

0

0

0.20 0.09 0.55 91.04 8.96

3492968

-8.7

0.20

3.83 8.13 36.29 49.83 1.48

0

0

0

0

0.24 0.13 0.83 98.28 1.72

288783

3491939

-6.9

0.02

5.70 87.32 4.53

0.12

0

0

0

0

0.02 0.35 0.43 99.86 0.14

Bot4

289734

3491081

-4.2

0.23

0.94 1.95 17.91 74.53 4.18

0

0

0

0

0.25 0.10 0.57 95.57 4.43

Bot5

289153

3493383

-9.3

0.25

0.68 1.03 15.97 74.41 5.46

0

0

0

0

2.18 0.09 0.60 92.36 7.64

Bot6

290212

3492354

-6.6

0.05

0.25 1.47 19.35 71.59 6.83

0

0

0

0

0.46 0.10 0.61 92.71 7.29

Bot7

290815

3493772

-9.4

0.14

1.39 49.53 13.08 27.14 8.60

0

0

0

0

0.12 0.20 1.12 91.28 8.72

Bot8

291495

3491662

-4.5

0.24

3.84 5.24 27.79 59.61 2.85

0

0

0

0

0.44 0.12 0.81 96.71 3.29

Bot9

291708

3492752

-6.3

0.18

0.53 0.96

6.70 84.94 6.13

0

0

0

0

0.55 0.09 0.47 93.32 6.68

Bot10

293007

3492210

-4.4

0.59

1.74 2.13 35.75 56.88 2.62

0

0

0

0

0.30 0.12 0.66 97.08 2.92

Bot11

292477

3494346

-9.3

0.04

0.69 1.70

5.47 79.61 9.32

0

0

0

0

3.16 0.09 0.57 87.51 12.5

Bot12

293021

3493250

-6.9

0.30

1.27 3.96

6.18 80.13 7.43

0

0

0

0

0.73 0.09 0.60 91.84 8.16

Bot13

294317

3493599

-6.6

0.28

2.73 4.46 11.22 75.74 5.25

0

0

0

0

0.32 0.10 0.68 94.43 5.57

Bot14

294437

3494910

-9.7

0.34

18.9 75.99 2.24

0.04

0

0

0

0

0.00 0.39 0.52 99.96 0.04

Bot15

295051

3492924

-4.5

0.14

0.71 1.09 21.21 72.95 3.48

0

0

0

0

0.43 0.10 0.57 96.09 3.91

Bot1

288321

3490484

Bot2

288124

Bot3

2 to 3

3 to 4

2.30

2.51

4 to 5

5 to 6 6 to 7 7 to 8 8 to 9

9 to
10
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Silt %

0.18

Northing

Sand %

-3.9

Easting

Sorting (phi)

1 to 2

Bottom

Mz (mm)

0.5 to 0.25

0.125 to 0 .0625

1 to .5
0 to 1

UTM zone 36 (WGS
84)

Elevation (m)

-1 to 0
(phi)

Stations #

2 to 1 mm

0.25 to 0.125

Data of Grain Size Distribution of the Examined Sediment Samples:
Beach "B" and Bottom "Bot" Samples
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Table 5-18 (Contd.)

Silt %

Sand %

2.30

Sorting (phi)

2.24

5 to 6 6 to 7 7 to 8 8 to 9

Mz (mm)

4 to 5

> 0.0020 mm

3 to 4

0.0039 to 0.0020

2 to 3

0.0078 to 0.0039

1 to 2

0.0156 to 0.0078

0.0625 to 0.031

0 to 1

0.031 to 0.0156

0.125 to 0 .0625

-1 to 0
(phi)

0.5 to 0.25

0.25 to 0.125

Northing

1 to .5

Easting

2 to 1 mm

Bottom

UTM zone 36 (WGS
84)

Elevation (m)

Stations #

Data of Grain Size Distribution of the Examined Sediment Samples:
Beach "B" and Bottom "Bot" Samples

9 to
10

Minimum

-3.9

0.02

0.25 0.96

0.04

0

0

0

0

0.00 0.09 0.43 87.51 0.04

Maximum

-9.7

0.59

18.9 87.32 36.29 84.94 9.32

0

0

0

0

3.16 0.39 1.12 99.96 12.5

Average

-6.73

0.21

2.90 16.44 15.60 59.38 4.84

0

0

0

0

0.63 0.14 0.64 94.54 5.46

Beach
B1

288119

3489782.1 0.25

0.14

1.00 28.56 65.03 5.15

0.08

0

0

0

0

0.04 0.21 0.62 99.88 0.12

B2

289592

3490278.0 0.36

0.06

4.27 67.60 26.88 1.15

0.04

0

0

0

0

0.00 0.29 0.60 99.96 0.04

B3

291587

3490964.0 0.16

0.04

0.61 31.44 63.81 3.75

0.31

0

0

0

0

0.04 0.22 0.61 99.65 0.35

B4

293577

3491707.1 0.15

0.04

0.22 10.08 76.37 13.18 0.10

0

0

0

0

0.02 0.17 0.55 99.88 0.12

B5

295116

3492209.2 0.12

0.08

1.29

0.12

0

0

0

0

0.00 0.24 0.65 99.88 0.12

Minimum

43.9 49.75 4.81

0.12

0.04

0.22 10.08 26.88 1.15 0.04

0

0

0

0

0.00 0.17 0.55 99.65 0.04

Maximum

0.36

0.14

4.27 67.60 76.37 13.18 0.31

0

0

0

0

0.04 0.29 0.65 99.96 0.35

Average

0.21

0.07

1.48 36.33 56.37 5.61 0.13

0

0

0

0

0.02 0.23 0.61 99.85 0.15
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Figure 5-31

Spatial Distribution of Sand%, Silt%, Mean Grain Size and Grain Sorting of
Beach and Bottom Sediments of the Study Area
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c) Relationship Between Elevation Versus Mean Grain Size and Sorting
The statistical relationship between mean grain and depth in the form of bivariate diagram
wasplotted in Figure 5-32, for the study sediment samples. This plot indicates that neither
mean grain size nor sorting has a distinct trend in the mean grain size and sorting with water
depth.
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Figure 5-32
Bivariate Plots of Elevation Versus Mean Grain Sizes (A) and Grain Sorting (B)
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5.5.5 Water Quality
Water Quality Measurements
Water Quality Measurement samples at three sample locations (intake, right and left) were
taken on 12th July 2015 by the National Research Center, Environmental Consultation and
Water Quality Unit). The results of water quality determination include chemical analysis of
water samples (physico-chemical parameters, concentration of heavy metals and identification
of organic content), and microbiological analysis (bacteriological examination and algal
counts).
Water Characteristics and Quality
Physico-chemical Analysis
Table 5-19 presents the results of physico-chemical measurements of water samples collected
at selected sites namely intake, right and left. These results show typical water
characterization for El-Berolous lake with very close results in sites number 1 and 2 which are
different from site number 3. Site number 3 has higher salinity than other sites showing higher
value for total dissolved solids accordingly, higher chloride, sodium, calcium and sulfate. Also,
lower values of turbid it and total suspended solids in all sites indicated high water clarity and
transparency.
Organic Content of Water Samples
Results presented in Table 5-20 reveal that the values of most of the studied parameters
investigated were less than the detection limit such as chlorinated hydrocarbons, polycyclic
aromatic hydrocarbons, polychlorinated biphenyl, oil and grease. With very a little bit high
concentrations of chemical oxygen demand (18 - 19 mgO2/L) and biological oxygen demand
(9-12.6 mgO2/L).
Heavy Metals Content in Water Samples
Table 5-21 shows that the values of the heavy metals in water samples were less than the
detection limit for all studied parameters in all sites.
Bacteriological Examination
Results of bacteriological examination of water samples are given in Table 5-22. These results
indicate that total bacterial counts at 37oC and 22oC of lake water was high (390 - 420
Count/ml) with presence of pollution indicators such as total coliforms (84 - 90 MPNindex/100ml), faecal coliforms (34 - 40 MPN-index/100ml) and Fecal Streptococci (65 - 70
MPN-index/100ml). These values considered the actual picture of El-Berolous lake water.
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Algal Counts
The general distribution of micro algal groups and their counts in water samples from the
selected sites are presented in Table 5-23.
Low total algal counts were recorded in both sites. Diatoms are the major fraction of total algal
count followed by green algae and blue-green algae. Although, there is small variation
between selected sites in diatoms and green algal counts giving small difference in total algal
count.
Table 5-19
Physico-chemical Analysis of Water Samples, July 2015
Intake
Sample (1)
0.7

Right
Sample (2)
0.7

Left
Sample (3)
0.7

µmho/cm

8.0
69261

8.0
68962

8.0
80422

Total Solids

mg/l

55530

55170

65153

Total Dissolved Solids

mg/l

55409

55038

65138

Suspended Solids

mg/l

121

132

115

Total Hardness (CaCO3)

mg/l

6200

6500

7300

Calcium Hardness (CaCO3)

mg/l

1200

1100

1400

Magnesium Hardness (CaCO3)

mg/l

5000

5400

5900

mg/l
mg/l
mg/l
mg/l

2400
2400
0
0
2430

2300
2300
0
0
2460

2300
2300
0
0
2880

Parameters

Unit

Turbidity

NTU

pH
Electric conductivity

-

Total Alkalinity
Bicarbonate
Carbonate
Hydroxide
Sulfate

mg/l

Chloride (Cl-)

22500

20500

24000

Nitrite(
-N)
Nitrate (
-N)
Sodium (Na)

mg/l
mg/l
µg/l
mg/l

0.016
N.D
19700

0.016
N.D
19800

0.016
N.D
22010

Potassium (K)
Calcium (Ca)

mg/l
mg/l

388
481

387
441

399
601

Magnesium (Mg)

mg/l

1216

1216

1313
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Table 5-20
Organic Analysis of Water Samples, July 2015
Unit

Intake
Sample (1)

Right
Sample (2)

Left
Sample (3)

Biological Oxygen Demand (BOD)

mgO2/L

12.6

9.0

12.5

Chemical Oxygen Demand (COD)

mgO2/L

18

19

18

Oil and grease

mg/l

0

0

0

Phenol

mg/l

0.004

0.009

0.006

Total Hydrocarbons
Chlorinated Hydrocarbons

µg/l
µg/l

2.01
N.D

1.88
N.D

2.54
N.D

Polycyclic aromatic hydrocarbons

µg/l

Polychlorinated biphenyls (PCBs)

µg/l

N.D
N.D

N.D
N.D

N.D
N.D

Parameters

Table 5-21
Heavy Metals Analysis of Water Samples, July 2015

Parameters
Iron
Manganese
Copper
Nickel
Zinc
Lead
Cadmium
Chromium
Total Heavy metals

Unit

Intake
Sample (1)

Right
Sample (2)

Left
Sample (3)

mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/L

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.20

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.20

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.20

Table 5-22
Microbiological Analysis of Water Samples(1) , July 2015
Parameters

Unit

Intake
Sample (1)

Right
Sample (2)

Left
Sample (3)

Total bacterial count (22ºc)
Total bacterial count (37ºc)
Total Coliform
Fecal Coliform
Fecal Streptococci

Count/ml
Count/ml
MPN-index/100ml
MPN-index/100ml
MPN-index/100ml

4.2 x 102
3.1 x 102
90
40
70

3.9 x 102
2.9 x 102
84
34
65

4.1 x 102
3.0 x 102
88
36
68
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Table 5-23
Algal Counts of Water Samples, July 2015
Parameters
Diatoms
Green Algae

Unit

Intake
Sample (1)

Right
Sample (2)

Left
Sample (3)

Org/ml

18

37

12

5

24

16

5

6

5

67

43

Org/ml

Blue green algae

Org/ml

Total Algal counts

Org/ml

28

5.5.6 Physiochemical Characteristics of Seawater
Water Sampling
As water depth of the study area is relatively shallow, water samples (W1 to W15) were
collected by IMSF at 0.5 meter depth on July 2015, using PVC Niskin bottle (5 liters capacity).
Samples were kept in polyethylene Jerry cans, prewashed with 10% HCl and rinsed with
distilled water. In addition, a 100ml bottle for ammonia fixation and two 250ml bottles for
oxygen and BOD determination. All samples were stored in large ice boxes. The geographic
coordinates of these oceanographic stations are listed in Table 5-23(B).
Methods of Seawater Analysis
In the laboratory the collected water samples were analyzed to determine: temperature,
salinity, dissolved oxygen, BOD & COD, dissolved organic matter, pH, total suspended matter,
chlorophyll-a, and nutrient salts (ammonia, nitrite, nitrate, reactive phosphate, total
phosphorus, and reactive silicate.
Hydrographic and some chemical parameters (Temperature, pH and dissolved oxygen) were
measured in-situ. Water temperature and pH were measured directly in the field using a
standard Schmidt thermometer and a portable digital pH-meter (Orion Research, model 210),
respectively. Salinity was determined using a Beckman Induction Salinometer (model RS-7C).
The classical Winkler method, modified by Grasshoff (1983) used for determination of
dissolved oxygen (DO). The method used for the determination of chemical oxygen demand
(COD) was described by Vyrides and Stuckey (2009).
The biological oxygen demand (BOD5) determination was carried out in seawater samples
following the procedure described by APHA (1985). The oxidizable organic matter was
determined by the permanganate oxidation method (FAO, 1975). The total nitrogen (TN) and
total phosphorus (TP) were determined in unfiltered seawater samples (Valderrama, 1981).

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 114 of 305

Samples of ammonium (NH4-N) were fixed in the field without filtration. Samples for nutrient
salts were immediately filtered through Whatman GF/C filters before analyzing PO4-P, NO2-N,
NO3-N and SiO4 and kept under deep freeze until their analysis in the laboratory. PO4-P was
measured using the ascorbic acid method described by Murphy and Murphy and Riley (1962).
The determination of nitrite and nitrate described by Grasshoff (1983), while ammonia (NH4-N)
and dissolved silicate compound is based on the method described by Koroleff (1983).
Chlorophyll-a was measured according to the method described by Strickland and Parsons
(1972). The measurements of dissolved nutrient salts (PO4-P, NO2-N, NO3-N, NH4-N, SiO4)
and Chlorophyll-a as well as total nitrogen and total phosphorus were performed using a
Shimadzu double beam spectrophotometer UV-150-02. Chlorophyll-a in seawater was
extracted with 90% acetone and measured spectrophotometrically using the SCORE
UNESCO equation.
The measurements of dissolved nutrient salts (PO4-P, NH4-N, NO2-N, NO3-N and SiO4) and
Chlorophyll-a were performed using a Shimadzu double beam spectrophotometer UV-150-02.
Total Suspended matter (TSM) was determined from 2L of water sample, filtered through the
filter paper (GF/C, 0.45 m), the TSM value was calculated by the difference between the dry
weight of the filter before and after filtration.
Results of water analyses are listed in Table 5-23(B) with their simple statistics; minimum,
maximum, average and standard deviation.
Spatial Distribution of Results
Results obtained from analysis of water samples listed in Table 5-23(B), are depicted
geographically across the nearshore zone of study area in Figure 5-32(B).
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Table 5-23 (B)
Geographic Locations of Water Samples and the Investigated Parameters

DOM (mg/l)

COD (mg/l)

BOD (mg/l)

DO (mg/l)

SPM (mg/l)

Chl-a (µg/l)

Latitude Longitude
East (m) North (m)
(0 -) E
(0 -) N
P2-S1 31 31.79 30 46.231 288321 3490484 8.26 36.75

Temp.

Salinity

Projected
Geographic
Coordinates
Coordinates
World (WGS 84) (UTM zone 36 N
“WGS 84”)

pH

Profile name

(pH values, Salinity (PSU), Temperature (°C), Chl- a, SPM, DO, BOD, COD and DOM), Chl- a:
Chlorophyll-a, SPM (Suspended Particulate Matter), DO: Dissolved Oxygen, BOD5: Biological Oxygen
demand, COD: Chemical Oxygen demand, OOM and Oxidizable Organic Matter.

29

1.14 16.69 7.31 1.24 5.63 0.3

P2-S2 31 33.13 30 46.074 288124 3492968 8.38 39.97

29

1.26 17.8 7.94 2.11 5.06 1.5

P5-S1 31 32.59 30 46.504 288783 3491939 8.4 37.63

28

0.58 17.2 6.67 0.95 1.86 0.7

P8-S2 31 32.13 30 47.115 289734 3491081 8.47 36.79

27

1.09 18.3 9.91 2.15 5.32 0.8

P8-S1 31 33.37 30 46.719 289153 3493383 8.48 37.06

26

1.37 20.4 9.59 1.79 5.09 0.8

P11-S1 31 32.83 30 47.401 290212 3492354 8.43 39.64

27

1.49 15.9 8.26 2.31 4.44 0.4

P16-S1 31 33.60 30 47.764 290815 3493772 8.43 39.48

26

1.54 20.1 9.84 2.58 4.74 0.6

P17-S1 31 32.47 30 48.22 291495 3491662 8.47 39.87

26

1.24 19.8 9.22 2.49 5.55 0.4

P20-S1 31 33.06 30 48.341 291708 3492752 8.48 39.48

29

1.56 22.3 8.97 2.10 5.13 1.4

P25-S1 31 32.78 30 49.168 293007 3492210 8.51 37.05

29

1.11 20.0 8.66 2.19 5.05 1.2

P25-S2 31 33.93 30 48.807 292477 3494346 8.49 36.50

28

1.18 19.5 9.8 2.47 5.25

P26-S1 31 33.34 30 49.164 293021 3493250 8.48 37.10

29

1.82 20.2 5.61 1.87 4.17 1.8

P31-S1 31 33.54 30 49.978 294317 3493599 8.50 39.40

29

1.17 20.5 9.91 2.48 5.23 0.7

P32-S1 31 34.25 30 50.038 294437 3494910 8.51 36.55

28

0.91 16.8 9.58 2.22 5.11 1.4

P33-S1 31 33.19 30 50.451 295051 3492924 8.51 39.31

28

1.16 21.7 8.97 2.14 4.89 0.7

1

Minimum
Maximum

8.26 36.5

Average

8.45 38.18 27.9 1.24 19.14 8.57 2.04 4.71 0.93

SD

0.08 1.41 1.16 0.34 2.06 1.43 0.51 1.10 0.49

8.51 39.97

26 0.58 15.9 5.61 0.95 1.86 0.3
29 1.82 22.3 9.91 2.58 5.63 1.8
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Table 5-23 (B) (Contd.)
Geographic Locations of Water Samples and the Investigated Parameters

SiO 4 (µM)

TN (µM)

TP (µM)

PO 4-P (µM)

NO 3-N (µM)

Latitude Longitude
East (m) North (m)
(0 -) E
0 ( )N

NO 2-N (µM)

Projected
Geographic
Coordinates
Coordinates
World (WGS 84) (UTM zone 36 N
“WGS 84”)

NH 4-N (µM)

Profile name

(pH values, Salinity (PSU), Temperature (°C), Chl- a, SPM, DO, BOD, COD and DOM), Chl- a:
Chlorophyll-a, SPM (Suspended Particulate Matter), DO: Dissolved Oxygen, BOD5: Biological Oxygen
demand, COD: Chemical Oxygen demand, OOM and Oxidizable Organic Matter.

P2-S1 31 31.79 30 46.231 288321 3490484 0.19

0.04 2.58 0.01 0.26 13.93 0.78

P2-S2 31 33.13 30 46.074 288124 3492968 0.25

0.04 2.55 0.01 0.51 17.79 3.71

P5-S1 31 32.59 30 46.504 288783 3491939 0.21

0.07 3.46 0.01 0.53 15.79 6.12

P8-S2 31 32.13 30 47.115 289734 3491081 0.27

0.04 1.94 0.01 0.28 13.50 1.47

P8-S1 31 33.37 30 46.719 289153 3493383 0.31

0.01 1.77 0.01 0.27 17.21 2.67

P11-S1 31 32.83 30 47.401 290212 3492354 0.34

0.01 2.79 0.01 0.28 11.64 5.95

P16-S1 31 33.60 30 47.764 290815 3493772 0.23

0.01 3.62 0.01 0.29 10.79 0.78

P17-S1 31 32.47 30 48.22 291495 3491662 0.20

0.07 1.43 0.01 0.57 15.07 1.98

P20-S1 31 33.06 30 48.341 291708 3492752 0.29

0.07 1.59 0.12 0.45 10.36 0.26

P25-S1 31 32.78 30 49.168 293007 3492210 0.32

0.13 1.37 0.17 0.31 16.79 2.33

P25-S2 31 33.93 30 48.807 292477 3494346 0.35

0.01 1.75 0.17 0.30 15.64 0.26

P26-S1 31 33.34 30 49.164 293021 3493250 0.29

0.10 1.40 0.01 0.17 18.79 0.60

P31-S1 31 33.54 30 49.978 294317 3493599 0.41

0.01 1.16 0.17 0.28 10.36 6.98

P32-S1 31 34.25 30 50.038 294437 3494910 0.23

0.07 1.05 0.01 0.22 19.50 0.95

P33-S1 31 33.19 30 50.451 295051 3492924 0.23

0.04 1.29 0.01 0.51 15.21 1.29

Minimum
Maximum

0.19

0.01 1.05 0.01 0.17 10.36 0.26

0.41

0.13 3.62 0.17 0.57 19.5

Average

0.28

0.05 2.02 0.05 0.35 14.84 2.55

SD

0.07

0.04 0.88 0.07 0.13 3.15

6.98
2.38
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Figure 5-32(B)
Spatial Distribution of Physicochemical Parameters in the Examined Water Samples:
pH, Chlorophyll-a, Salinity, SPM, Temperature, Dissolved Oxygen
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Figure 5-32(B) (Contd.)
Spatial Distribution of Physicochemical Parameters in the Examined Water Samples:
pH, Chlorophyll-a, Salinity, SPM, Temperature, Dissolved Oxygen
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Figure 5-32(B) (Contd.)
Spatial Distribution of Physicochemical Parameters in the Examined Water Samples:
pH, Chlorophyll-a, Salinity, SPM, Temperature, Dissolved Oxygen
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5.6

MARINE ECOLOGY

5.6.1

Sea Shore

The bottom sediments were covered with Caulerpa porlifera and Dasycladus clavaeformis in
addition to Jania rubens which formed a carpet over the bottom (Figure 5-33). The bottom
sediments on the other hand are covered with many Molluscan gastropods and bivalves, the
most common species were Donax trunculus, Mytilus galloprovincialis and Mactra glauca
(Figures 5-34 and 5-36).

5.6.2

Seagrass Meadows

In the Mediterranean Sea, the endemic seagrass Posidonia oceanica is considered the first
pioneer seagrass, while the Cymodocea nodosa is the second pioneer species. Along the
Egyptian Mediterranean waters, the presence of the two species of seagrasses Posidonia
oceanica and Cymodocea nodosa were largely documented (Mostafa 1991, 1996, 1997 and
1999; Den Hartog 1970 and 1977; Nasr and Aleem 1949 and Aleem 1955). The submerged
seagrass production is the basis of detrital food chains and other secondary production
(Mostafa, 1991). No seagrass beds or any evidence of their existence were detected during
the present study.

5.6.3

Marine Plankton

SAMPLING

The present sampling has been arranged with some considerations to fit the expected
changes. This study concentrated on measuring biological parameters (phytoplankton,
zooplankton and bottom fauna).
The sampling was performed infront of the study area using phytoplankton and zooplankton
nets. The samples are collected at three main distinctive areas: the area before the envisaged
intake, the area infront of both envisaged intake and the envisaged discharge outlet at the
eastern area.
Phytoplankton and zooplankton samples are collected using nets with mesh openings of 25
and 50 µm respectively. The net is towed behind the boat for about 10 minutes and then the
contents of the net are transferred to a small bottle and then 5% formalin is added to preserve
the samples (Figure 5-35). The bottom fauna is sampled using Van Veen grab sampler
(15cm x 15cm) and the contents are transferred to a small plastic bag and 5% formalin is
added to preserve the samples.
Quantitative plankton observations are obtained by the sedimentation method. About 300 ml of
sea water is treated with filtered formalin and later, the supernatant water siphoned out.
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Sediments are transferred into calibrated tall beakers and made to exactly 150 ml. From this 1
ml, corresponding to 2.0 ml of sea water, is pipetted out after stirring and counted under an
inverted microscope. Zooplankton samples are collected using a net of blotting silk having 50
µm and 45 cm mouth diameter. In the laboratory, the organisms are identified and counted
from a sub-sample of known volume in a counting chamber.
The grab samples are sieved through sieves of 0.5 mm. mesh size provided with continuous
spray water and agitated to accelerate the sieving process. Organisms are separated from
bottom sediments such as silt and clay then sorted, separated and identified into different taxa.
RESULTS

Phytoplankton, Zooplankton and Bottom Fauna
The main results represent the output of biological parameters analysis (phytoplankton,
zooplankton and bottom fauna). Tables 5-24 through 5-31 show the distribution of
Phytoplankton, Zooplankton and Bottom Fauna species at the three designated areas: the
envisaged intake, the envisaged discharge outlet and the area east of the envisaged
discharge at the study area respectively.

Phytoplankton
The species composition of the phytoplankton community at west of the intake area at the
study site is composed of 23 species, 12 diatom species and 11 dinoflagellate species of
which is 5 heterotrophic dinoflagellates. The total standing crop of phytoplankton is 48,775
cells / L, where the diatoms constituted about 58 % of the total standing crop and the
dinoflagellates accounted for about 42% of the total standing crop (Table 5-24).
The species composition of the phytoplankton community infront of the intake concrete pool
area of the study site is composed of 21 species, 11 diatom species and 10 dinoflagellate
species with total standing crop of 35,219 cells/L. The heterotrophic dinoflagellates accounted
for 4 species (Table 5-25). Diatoms constituted about 57 % of the total standing crop and the
dinoflagellates accounted for about 41% of the total standing crop.
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Figure 5-33
The Sandy Bottom Sediments at the Study Area

Figure 5-34
The Shell Remains on the Mixed Sandy-Muddy Bottom of the Study Area
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Figure 5-35
Sampling of Marine Plankton Using Plankton Nets in the Study Area
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The species composition of the phytoplankton community at the discharge area of the study
site is composed of a total of 20 species, 11 diatom species and 9 dinoflagellate species with
total standing crop of 69,570 cells / L. The heterotrophic dinoflagellates are represented with
three species and diatoms constituted about 53% of the total standing crop and the
dinoflagellates accounted for about 47% of the total standing crop (Table 5-26).

Phytoplankton Analysis
The species composition of phytoplankton showed great similarity between zones studied.
The first zone is represented by the area west of the intake area where diatoms constituted
the main bulk and is represented by an average of 58% of the total standing crop with
Skeletonema costatum, Chaetoceros ruvisetus, Chaetoceros affinis, Chaetoceros sociales,
Chaetoceros curvisetus and Ceratium falcatum dominating the phytoplankton population.
The second zone is the area infront of the intake concrete pools where diatoms showed
almost the same percentage as that of zone one (57 % of the total standing crop). Odontella
rhombus, Odontella mobiliensis, Helicotheca tamesis, Coscinodiscus radiatus and
Prorocentrum micans are the most dominant species.
The third zone is the discharge area where diatoms showed lower value and is represented
with 53% of the standing crop and the dinoflagellates are represented with 47%.
Protoperidinium bispium, Protoperidinium breve and Protoperidinium conicum are the most
dominant.
With regards to the standing crop, the discharge area showed the highest value with regards
to the other two areas. This high standing crop is most probably attributed to several factors,
among which is the recycling of the coastal bottom nutrients due to the strong outflow of the
discharge, another important factor is the increased temperature of the discharged water that
aid the standing crop of the phytoplankton in the area(Giere,1993).
The diversity of phytoplankton showed high similarity between different zones where 23
species are recorded in the area west to the intake area, 21 species infront of the intake area
and 20 species recorded at the discharge area. This is mostly attributed to the homogeneity of
the area and the vertical mixing of the water column due to the shallowness of the area of
study.
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Table 5-24
Phytoplankton Species Composition and
Standing Crop (Cell/L) at West of the Study Area

Phytoplankton Species

Cell / L

Diatoms
Asterionella japonica

2490

Skeletonema costatum

3270

Leptocylindrus danicus

1740

Pseudonitzschia sp.

1540

Cyclotella kutzingiani

1790

Pleurosigma sp.

2260

Chaetoceros didymus

1440

Chaetoceros ruvisetus

3390

Chaetoceros affinis

3170

Chaetoceros sociales

3220

Chaetoceros curvisetus

2995

Chaetoceros longissima

2180

Dinoflagellates
Protoperidinium breve

1370

Protoperidinium conicum

2220

Protoperidinium depressum

1350

Protoperidinium oblongum

1470

Protoperidinium minutum

1010

Prorocentrum cordatum

1770

Prorocentrum micans

1590

Ceratium falcatum

2990

Ceratium furca

2400

Ceratium teres

1570

Scrippsiella trochoidea

1550

Abundance (# of species )

23

Total standing crop

48,775
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Table 5-25
Phytoplankton Species Composition and
Standing Crop (Cell/L) Infront of the Study Area
Phytoplankton Species

Cell / L

Diatoms
Odontella rhombus

2900

Odontella mobiliensis

1790

Helicotheca tamesis

2895

Coscinodiscus radiatus

4700

Asterionella japonica

1495

Chaetoceros affinis

740

Chaetoceros sociales

1449

Chaetoceros curvisetus

730

Skeletonema costatum

1550

Leptocylindrus danicus

1230

Cyclotella kutzingiani

1330

Dinoflagellates
Protoperidinium bispium

740

Protoperidinium breve

290

Protoperidinium conicum

760

Protoperidinium depressum

1210

Prorocentrum cordatum

1350

Prorocentrum micans

2990

Ceratium falcatum

1600

Ceratium furca

1510

Ceratium teres

1800

Dinophysis caudata

2160

Abundance (# of species )

21

Total standing crop

35,219
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Table 5-26
Phytoplankton Species Composition and
Standing Crop (Cell/L) at the Study Area
Phytoplankton Species

Cell / L

Diatoms
Melosira granulata

3140

Coscinodiscus radiatus

4110

Coscinodiscus perforatus

4130

Leptocylindrus danicus

3700

Cyclotella kutzingiani

1010

Chaetoceros affinis

2370

Chaetoceros sociales

7900

Chaetoceros curvisetus

3300

Chaetoceros longissima

1020

Thalassionema nitzschiaides

1600

Skeletonema costatum

4400

Dinoflagellates
Protoperidinium bispium

6700

Protoperidinium breve

5300

Protoperidinium conicum

7100

Prorocentrum micans

1370

Prorocentrum compressum

1100

Prorocentrum cordatum

4850

Exuvilla compressa

1150

Ceratium falcatum

3320

Ceratium furca

2000

Abundance (# of species )

20

Total standing crop

69,570
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ZOOPLANKTON
Zooplankton Community
The zooplankton community is represented with the following groups:
1. Arthropoda: Copepods
2. Protozoa: Tintinnids
3. Pelagic Tunicates: Appendicularia
4. Invertebrate larvae:
o Veliger larvae of Lamellibranchs
o Siphonoid larvae
o Cirriped larvae
o Polychaete larvae
o Echinoderm larvae
o Decapod larvae
In general, the zooplankton community in the study area is represented with three main
groups: the copepods, the Tintinnids and the Invertebrate larval forms of different taxa.
The area west of the intake concrete pools, the copepods represented about 81% of the total
standing crop of zooplankton, while the tintinnids constituted about 8% of the total standing
crop. The third group of invertebrate larvae formed about 11% of the standing crop. The
species diversity is represented with 12 species, 3 of them belong to the tintinnids group and
the other 9 species are for the copepod group as the copipodite and larval forms are not
counted as species and the total standing crop accounted for 20,160 / m3 (Table 5-27).
The zooplankton community infront of the intake concrete pools area showed that copepods
are represented with 78.76% of the total standing crop of zooplankton, while the tintinnids are
represented with 11.06% and the group of invertebrate larvae showed percentage of 10.18.
The species diversity is 9 species, 4 of them belong to the tintinnids group and the other 5
species are for the copepod group as the copipodite and larval forms are not counted as
species and the total standing crop showed the lowest value and accounted for 16,315 /m3
(Table 5-28).
The zooplankton community at the discharge area showed nearly the same distribution as that
of the area west of the intake area and had the highest abundance of species, where
copepods represented only about 78.7% of the total standing crop of zooplankton, while the
tintinnids showed 13.45% of the total standing crop. The invertebrate larvae formed only
7.85% of the standing crop.
The species diversity recorded is 15 species, 4 of them belong to the tintinnids group and the
other species belong to the copepod group. The copipodite and larval forms are not counted
as species and the total standing crop accounted for 27,350 /m3 (Table 5-29).
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Zooplankton Analysis
The standing crop of the zooplankton of the area infront of the intake concrete pools showed
the lowest value (16,315 individual /m3), while the discharge area showed the highest value
(27,350 individual /m3). The area west of the intake area showed a relatively higher value than
that of the intake area (20,460 individual / m3).
The copepods showed the highest percentage in all the three zones ranging between 78 and
81% and are represented with the following forms and species: Copepodite of Oithona nana,
Copepodite of Paracalanus sp., Calusocalanus furcatus, Oithonaplumifera, Oithonanana,
Calusocalanus arcuicornis, Paracalanus parvus, Farranula sp., Corycaeus sp., Acartia
negligens, Temora stylifera and Euterpina acutifrons.
The other groups formed the lowest percentage of the standing crop of zooplankton in the
study area and are mainly represented with Tintinnids. The tintinnids species recorded are:
Tintinnopsis cylindrica, Favella markuzowskii, Helicostomella subulata, Eutintinnussp.,
Tintinnopsis sp.,Favella markuzowskiiand Favellacampanula.
The invertebrate larval forms are represented with the following: Veliger larvae of
Lamellibranchs, Siphonoid larvae, Cirriped larvae, Polychaete larvae, Echinoderm larvae and
Decapod larvae
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Table 5-27
Species Diversity and Standing Crop of
Zooplankton at West of the Study Area
Taxa

Standing Crop/ m3

Copepods
Copepod nauplii

1470

Calusocalanus furcatus

2390

Calusocalanus arcuicornis

1290

Calocalanus styliremis

1300

Paracalanus parvus

1210

Acartia negligens

1380

Temora stylifera

1490

Oithonaplumifera

2100

Euterpina acutifrons

150

Oithonanana

390

Tintinnids
Tintinnopsis cylindrica

590

Favella markuzowskii

400

Helicostomella subulata

490

Invertebrate larvae
Veliger larvae of Lamellibranchs

390

Siphonoid larvae

150

Cirriped larvae

380

Polychaete larvae

1390

Echinoderm larvae

2210

Decapod larvae

1290

Standing crop

20,460 /m3

Number of species

12
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Table 5-28
Species Diversity and Standing Crop of
Zooplankton Infront of the Study Area
Taxa

Standing Crop/ m3

Copepods
Nauplius of copepods

1550

Copepodite of Paracalanus sp.

2390

Copepodite of Cyclopoidae

1400

Calusocalanus furcatus

1260

Calusocalanus arcuicornis

1300

Calocalanus styliremis

1400

Paracalanus parvus

1500

Oithona nana

2050

Tintinnids
Favella markuzowskii

340

Favella campanula

470

Eutintinnus sp.

600

Tintinnopsis sp.

395

Invertebrate larvae
Echinoderm larvae

500

Cirriped larvae

400

Siphonoid larvae

360

Decapod larvae

400

Standing crop/ m3

16,315 / m3

Number of species

9
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Table 5-29
Species Diversity and Standing Crop of
Zooplankton at the Study Area
Standing Crop/ m3

Taxa
Copepods
Nauplius of copepods

1010

Copepodite of Paracalanus

1100

Oithona nana

2700

Calusocalanus furcatus

1430

Calusocalanus arcuicornis

1400

Calocalanus styliremis

2100

Paracalanus parvus

1400

Farranula sp.

3300

Corycaeus sp.

1000

Acartia negligens

1300

Temora stylifera

1390

Oithonaplumifera

2390

Euterpina acutifrons

1000

Tintinnids
Tintinnopsissp.

980

Eutintinnus sp.

750

Tintinnopsis cylindrica

950

Favella markuzowskii

1000

Invertebrate larvae
Veliger larvae of Lamellibranchs

550

Echinoderm larvae

450

Siphonoid larvae

600

Decapod larvae
Standing crop/ m

550
3

Number of species

27,350 / m3
15
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In general, the range of the standing crop of zooplankton followed that of the phytoplankton
standing crop which might reflect the high productivity of the inshore waters due the vertical
mixing process of the bottom nutrients and the advantage of the fairly warm waters that
accelerates the productivity of the phytoplankton near the discharge outlet area and its positive
impact that might be affecting the discharge area.
5.6.4

Marine Bottom Communities

Benthic organisms (Figure 5-36) play an important role in the economy of the natural water
systems. They act as a link in the energy flow from the primary producers to fish. They affect
the structure of fish and invertebrates communities that act as benthic predators. Microfauna
are important in benthic communities: both as competitors with the macrofauna for food
resources and as prey for benthic invertebrates and fish.
Mollusks constitute the food requirements for some bottom invertebrates and for some
demersal fishes. The bottom fauna by itself is a good indicator of the trophic state of the sea
through their natural habitats that is triggered by the combined action of various physical and
chemical factors.
Among many factors which affect the successful settlement of the pelagic larvae of
bottom invertebrates (temperature, salinity, food supply …..etc), is the suitable substratum
which is a predominant factor. Consequently, the nature of the bottom may determine to a
great extent the diversity and abundance of bottom animals.
Generally the study area showed a more or less similar species composition consisting of
several major taxa. These taxa are Mollusca: (8 species) 6 bivalve species and 2 gastropod
species, Polychaeta (10 species) and 3 crustacean species.
The Crustaceans are represented with the following orders: one Amphipod species, one
species of Tanaidacea, and one species of Cumacea.
The species diversity, abundance and percentage composition of benthic marine fauna at the
area west of the intake area are given in Table 5-30. Polychaetes are presented with 5 species
that constituted 51% of the total abundance of the bottom faunal groups.
On the other hand, the Molluscan group amounted for 40 % of the total abundance and is
represented with only 6 species.
The crustaceans were represented with Cumacea (one species) and Amphipoda (one
species) representing only 9 % (Table 5-30).
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Figure 5-36
The Marine Benthic Community is Mainly Formed from Different Species
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Table 5-30
Species Diversity, Abundance and Percentage Composition of
Benthic Marine Fauna at the Project Area
Taxa

No./ Sample

Polychaeta

% composition
51%

Owenia fusiformis

28

Prionspio sp.

12

Diopatra neapolitana

4

Polydora ciliata

8

Scolaricia sp.

7

Mollusca

40%

Donax trunculus

12

Mactra glauca

19

Mytilus galloprovincialis

9

Modiolus barbatus

6

Crustacea

9%

Cumacea
Bodotria scorpioides

5

Amphipoda
Elasmopus pectinicrus

5

Total no.

115

100%
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Table 5-31
Species Diversity, Abundance and Percentage Composition of
Benthic Marine Fauna at the Project Area
Taxa:

No./ Sample

Polychaeta

% composition
79%

Owenia fusiformis

17

Prionspio sp.

12

Prionspio cirrifera

22

Glycera convoluta

8

Megalona mirabilis

2

Platynereis dumerili

2

Polydora ciliata

8

Lumbriconeries latreilli

5

Mollusca

17%

Bivalves
Donax trunculus

5

Mactra glauca

5

Gastropoda
Chrysallida interstincta

3

Nassarius sp.

3

Crustacea

2%

Cumacea
Bodotria scorpioides

2

Echinodermata

2%

Amphiura sp.

2

Total no.

96

100%
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The species diversity, abundance and percentage composition of benthic marine fauna infront
of the intake concrete pool area are given in Table 5-31. Polychaetes dominated the
community and are presented with 8 species and constituted 79% of the total abundance of
the bottom faunal groups. On the other hand, the Molluscan group amounted for 17% of the
total abundance with 4 species. The crustaceans are represented with one species of
Cumacea and accounted for 2%. The Echinoderms were represented with one species that
accounted for 2%.
5.6.5

Fisheries

The most abundant fish species in the wider area are:
Pagellus erythrimis, Siganus rivulatus, Liza ramada, Alepes djedaba, Temnodon sultator,
Pagellus mormyrus, Pagrus pagrus, Sphyraena chrysotaenia, Trigla lastoviza,
Marone labrax, Merluccius merluccius, Sardinella aurita and Saurida undosquamis (Figure 537).
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Figure 5-37
Abundant Fish Species in the Study Area
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Figure 5-37 (Contd.)
Abundant Fish Species in the Study Area
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Pagrus pagrus
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Figure 5-37 (Contd.)
Abundant Fish Species in the Study Area

Liza ramada
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5.7

TERRESTRIAL ECOLOGY

5.7.1

Introduction

A landscape ecological approach was adopted for addressing flora and fauna within the
proposed site area. It depends on the identification of the landscape structure and function
then, determining the ecological relevance to the proposed project.
The landscape ecological approach begins with a broad scale covering the project hinterland
ecological setting, then narrows down the scale to the project area and site. Satellite remote
sensing and GIS were then the technologies of choice as they allow viewing both the broad
and fine scales of the project ecological setting and delineating the area of influence (impact
spatial dimension) of the proposed project.
Information and data on the project hinterland, area, and site were gathered from published
material, reports and Internet search.
Field reconnaissance was carried out to identify area and site-specific ecological settings and
their floral and faunal communities and habitats. Photographs were also taken to illustrate the
environmental settings and to document the landscape within and around the project site.
Interviews with members of the surrounding community also were carried out to collect
additional information.
Detailed topographic map (scale 1:50,000) of the project area was obtained to give a broader
view of the environmental setting of the project area.
Satellite image obtained by the Landsat (ETM+) in 2000 for the project area was acquired and
processed to help identify the landscape and land use of the area. The image is multispectral
and has a 28 x 28-m spatial resolution. Accordingly, this satellite image was digitally
processed to delineate watercourses, urban/urbanized features and agricultural/vegetation
units (Figure 5-38 (A&B)) with the aid of the map and ground surveys.
5.7.2

The Biotic Environment of the Project Area

Wild Plant Life

The northern coast of the Nile Delta close to the Mediterranean Sea is characterized by three
shallow lakes: Manzala (in the east), Burullus (in the middle) and Idku (in the west). These
lakes receive most of the drainage water from the Nile Delta land. These lakes play an
important role in the nation’s economy, not only because of producing more than 50% of the
total fish production of Egypt but also for being resting areas for migratory birds, Meininger et
al. (1986). All Delta Lakes suffered and are still suffering from man-made activities. Human
impacts, due to the increase of the developmental rate along the coastal belt of the Delta
region, produce several environmental problems. Agricultural, industrial, sewage discharges;
land-reclamation, illegal fishing and increased pollution are the main effective activities
(Ahmed et al., 2001)
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Figure 5-38 (A)
Landsat Satellite Image of the Area of the Proposed Burullus Power Plant
Showing the Project Site and Adjacent Landscape
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Figure 5-38 (B)
Landsat Satellite Image of the Area of the Proposed Burullus Power Plant
Showing the Project Site and Adjacent Landscape
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Vegetation along the shoreline of the large deltaic plain of the River Nile in Egypt is
characterized by a range of distinct and dynamic habitats. Sudden changes due to rising water
level, increasing salinity or intensive human disturbance can remove large parts of habitats.
This can hamper recolonisation through the loss of existing plant cover as well as destruction
of seed banks. Samaan et al. (1988) studied the distribution of hydrophytes in Burullus lake
and found that Burullus lake having an extensive growth of hydrophytes particularly along the
southern shores beside the outlet of land drains as well as in the eastern lake. The submerged
plants were represented mainly by: Potamogeton pectinatus while Ceratophyllum demersum
and Potamogeton crispus were less frequent. Najas armata was of very limited distribution.
The emergent hydrophytes; Phragmites australis and Typha domingensis are occupying the
margins of the lake and around the islets. The floating hydrophytes Eichhornia crassipes,
Lemna gibba and Spirodella polyriza usually occur beside the outlets of the land drains. Where
the growth is favoured by the fresh water flowing. The dense growth of submerged and floating
hydrophytes lead to the increase the fish production in the lake. Khedr & Zahran (1999)
studied the floristic composition of Burullus lake and Manzala lake and stated that; Burullus
lake was rich floristically species, 41 family) than Manzala lake (102 species, 36 family).
Burullus lake was characterized by low number of euhydrophytes (7 species) compared to (16)
species recorded in Manzala lake. The highest number of species belonging to Gramineae
and Chenopodiaceae in both lakes. Therophytes and geophytes were the main life forms.
Some plant species were absent from Island of Manzala lake and present in those of Burullus
lake e.g Lycium schweinfurthii, Pancratium maritimum, Allium roseum, Silene succulenta,
Asparagus stipularis and several annuals. Some plant species recorded in Burullus lake were
threatened and need protection e.g Ipomea imperati and Limonium narbonense.
Khedr & Lovett (2000) studied the floristic diversity and vegetation composition of Burullus
lake islands and stated that a total of (58) vascular plants were recorded. There was a positive
correlation between island area and the habitat types in each island. The areas of the islands
significantly positive correlated with floristic diversity, including the total number of species
present, numbers of annuals, herbaceous, and shrublet species. Perennials and shrubs did
not differ significantly with the island area. Elevation, soil salinity and distances from the
Mediterranean Sea affect the species composition of the island. This study supports the
hypothesis that larger areas contain higher species richness due to the increased number of
habitats. The phytogeography of the shoreline and island flora of Burullus Lake have been
investigated, however, further ecological study is necessary for developing a management
plan to maintain biodiversity in the lake. The geographical, biosystematical and ecological data
base is useful as a starting point to preserve the biodiversity in coastal plants. Burullus lake is
the second-largest natural lake in Egypt, located in the central part of the northern section of
the Nile Delta. It was designated a wetland nature reserve under the International Ramsar
convention 1988. It is one of the significant wetlands in the Mediterranean coast. It has been a
major area for human activities including urban, rural development, agricultural reclamation
projects, recreation, navigation and industrial activities. As a result, such a valuable resource
is subjected to tremendous environmental pressures, which are causing rapid environmental
degradation and dramatic threats to its ecosystems.
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In view of all these problems and wealth it is important to present environmental changes on
the Burullus Lake area. The obtained information will be useful for the integrated management
in the study area. Burullus Lake suffers from poor management and unsustainable use of
natural resources. The environmental impacts are not limited to physical alteration of
resources, loss of biodiversity and habitat damage, but extend health problems and far
reaching socio-economic implications. The present chapter describes the vegetation of the
different habitat in the study area of Burullus lake region. It aims also at establishing the form
of the relationship between the vegetation and the habitat stability.
Floristic Composition
Plant species recorded in Burullus lake coastal region and along its shorelines and their
relative presence values are listed in Table 5-32. The list includes 105 species, representing
and 32 families and one aquatic fern, Azolla filiculoides. Figure 5-39 shows the relative
distributions for each species in the different habitats: 24.8 % of the species occurr on the
sand dunes of Burullus lake, 26.7 % are restricted to salt marsh habitat, 37.1 % are recorded
along the shores, and 11.8 % of the species are recorded in open water habitat. The dominant
species are all halophytes, e.g. Arthrocnemum macrostachyum, Atriplex portulacoides, Juncus
acutus, Halocnemum strobilaceum and Zygophyllum aegyptium on dry saltmarshes. Tamarix
nilotica, Inula crithmoides, and Juncus rigidus are dominant on wet salt marshes Figure
5-40).
The windward direction of sand dunes at Baltium area is devoid of vegetation. However, the
leeward direction is colonised by several plant species. The dominant species are Lycium
schweinfurthii, Allium roseum and many annuals (Figure 5-41). Species found along the
shorelines of Burullus lake represent many habitat forms. The important species e.g Phoenix
dactylifera (date palm) dominates the lake shores, Phragmites australis, Pluchea dioscorides,
Atriplex halimus and Juncus spp. The most frequent annuals are Mesembryanthemum
crystallinum, Rumex dentatus and Malva parviflora (Figure 5-42).
Aquatic freshwater species are poorly represented along the northern and eastern shores of
the lake, probably, a result of the occasional invasion by sea water into the lake (Figure 5-43).
The inhibition of the growth of submerged aquatic plants in the middle lake is attributed to the
instability of bottom mud.
Plant species dominating reed swamp habitats were Phragmites and Typha domingensis.
Grasses and sedges were less represented in this habitat e.g. Cyperus articulatus,
C. laevigatus, Leersia hexanda and Panicum repens. In open water habitats, the dominant
aquatic plants were Potamogeton pectinatus and Najas marina v. armata. The floating and
other submerged aquatic plants (e.g. Echhornia crassipes, Lemna gibba, Azolla filiculoides
and Potamogeton crispus) present in the lake were all relatively poorly represented (Table
5-32).
The floristic relationship of the life-forms is demonstrated in Figure 5-44. Five major life-forms
were observed Therophytes (annuals), Cryptophytes, Chamaephytes, Phanerophytes and
Hemicryptophytes). Therophytes were the best represented (37.3 %). The next best
represented life-form were the cryptophytes (33.7 %). Chamaephytes constituted 12 % of the
plant species.
Phanerophytes and hemicryptophytes were equally represented (8.4 %).
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Table 5-32
Distribution and Life – form of Plant Species Recorded in Burullus Region.
[Life form: Ph= Phanerophytes, Ch= Chamaephytes, H= Hemicryptophytes,
Cr= Cryptophytes, Th= Therophytes]
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Table 5-32 (Contd.)
Distribution and Life – form of Plant Species Recorded in Burullus Region.
[Life form: Ph= Phanerophytes, Ch= Chamaephytes, H= Hemicryptophytes,
Cr= Cryptophytes, Th= Therophytes]
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Table 5-32 (Contd.)
Distribution and Life – form of Plant Species Recorded in Burullus Region.
[Life form: Ph= Phanerophytes, Ch= Chamaephytes, H= Hemicryptophytes,
Cr= Cryptophytes, Th= Therophytes]
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Figure 5-39
The Relationship between the Percentage of Plant Species in Each of the
Defined Four Habitats Recorded in the Study Area
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Figure 5-40
Sand Dune at Baltium (leeward direction)
Covered with Lycium Schweinfurthii
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Figure 5-41
The Wet Salt Marsh at Baltium Dominated by Juncus Rigidus with
Filamentous Algae (blooms), Note the Presence of Phonix Dactylifera
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Figure 5-42
The Shoreline Vegetation of Burullus Lake, Lemna Gibba Grows in Water,
Echinochloa Stagnina (Right), and Phonix Dactylifera (Left)
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Figure 5-43
The Open Water Babitat of Burullus Lake with Eichornia Crassipes (Front),
and Phragmites Australis (Backward).
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Figure 5-44
Pie-Structure for the Life Forms of Wild Plant Life of Burullus Lake Area
[as a Percentage of 105 Plant Pecies]
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The botanical description of the most common plant species encountered within the study area
are briefly described according to Täkholm (1974) as follows:
Alhagi graecorum (Boiss.)
Arabic Name:
Family: Manna tree
Common name: Aqool- agool
Distribution
Alhagi is commonly distributed in all habitats in the study area, and is very common in the
sabkhas (salt marsh) ecosystem. Leaves simple, entire, soon deciduous. Flower solitary,
purple. Legume swollen, indehiscent, constricted between the seeds. Flourishing and
flowering in summer. Mainly reproducing itself vegetative by its long creeping rhizomes
pushing up to a wide distance.
Juncus acutus L.
Arabic Name:
Family: Juncaceae
Common name: Samar mor
Distribution
It is frequent species in the different habitats especially salt marsh ecosystem. Stout tufted
plant up to 1 m. Capsule subglobose- trigonous, about 3 mm broad, 2-3 times as long as the
perianth. Seeds with a large white appendage. Flower is typically in a compact head-like
cluster, sometimes in richopen cyme .
Juncus rigidus (C. A. Mey.)
Arabic Name:
Family: Juncaceae
Common name: Samar mor
Distribution
It is associated with Juncus acutus. Its cyme typically contracted with large, pale, separated
flowers. Capsule 1.5 mm. Broad, lanceolate with slowly tapering mucronate apex. Only little
exserted above the perianth. J. rigidus is perennials and pale green with erect parallel culms,
whether tufted or in rows from a creeping rhizome.
Phragmites australis (Cav.)
Arabic Name:
Family: Poaceae
English name: Reed
Common name: Boos- Hagna
Distribution
It is common in pure population on the shoreline of both lakes and widespread in Egypt, where
it occurs in water and wetlands of all phytogeographical regions. In saline habitats, Phragmites
is often associated with halophytes such as Arthrocnemum macrostachym, Juncus acutus,
and J. rigidus. Culms erect, tall, in an undisturbed marsh rising some 5 m. above the water, in
dry localities much shorter. Leaf- blades numerous, flat, as a rule less broad than in Arundo,
not brown- auricled at base. On the shorelines of upper and lower lakes, Phragmites has
vigorous growth and might reach up to 3.5 m in height. Phragmites has an extensive wide
ecological amplitude (Serag, 1996).
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Typha domingensis Per
Arabic Name:
Family: Typhaceae
English name: Cattail
Common name: Bardi
Distribution
Typha is confined to wetland ecosystem, where it is present associated with Phragmites
australis. Male and female parts of the spike usually separated from each other by a naked
space. Females spike light brown, 20-25 mm. Broad and as a rule ca. 15 cm. long, sometimes
more or less (Zahran & Willis, 2003).
Eichhornia crassipes
Arabic Name:
Family: Pontederioceae
Arabic common name: Ward en-nil
Leaves orbicular with bladder- like, swollen petioles. A native of florida introduced as an
ornamental and now completely naturalized, infecting the waterways all over Egypt in the most
dangerous way. It sometime inters through the tunnel to the upper lake. A brief account on the
most important medicinal plants are described according to Batannony et al., (1999) as
follows.
Cyperus rotundus (L.)
Arabic Name:
English name: Nut-grass
Common name: Soad
Perennial herb with creeping rhizomes, which produce rows of small leaf- rosettes along the
ground. Stolons thin, but here and there swollen into black ellipsoid tubers, which are collected
as a drug. Stem, leafy only at base, upwards ending in a simple or compound umbel of spicate
spikelets. The species is extremely variable with numerous subspecies and forms. Rhizomes
are in the form of ellipsoid tubers, black colored, with characteristic aromatic odour and taste.
Tubers are aromatic, stomachic in nervous gastralgia, dyspepsia, diarrhea, emmenagogue,
sedative, analgesic, in dysmenorrhea, amenorrhea, chronic neuritis, and to increase body
weight. They are used as infusion for treatment of intestinal pain, as carminative, stimulate,
tonic, aphrodisiac, anthelmentic, analeptic, and to remove renal calculi. Fresh tubers are
diaphoretic, astringent and for scorpion strings.
Solanum nigrum (L.)
Arabic Name:
English name: Touchanina, Tiourmi, Azouri imouchene
Common name: Enab edh dhib
Family: Solanaceae
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An annual herb, up to 40 cm high, with spreading branches. Stems mostly smooth or younger
ones slightly hairy. Leaves are alternate to each other; oval- shaped and narrower at each end
with mostly smooth edges. Flowers are rather unique, wheel- shaped, white or yellowish white
and umbrella- shaped as they hang from plants. Fruits are, round, fleshy dark violet berries,
about 6 mm in diameter. Leaves, roots and stalk used for cancerous sores, leucoderma and
wounds. Stem; young shoots eaten as potherb, considered tonic for virility in men and for
dysmenorrhea in females, for dysentery, sore throat. Plant, diuretic, febrifuge, decoction of the
whole plant for abscesses, cancer of the cervix inflammation, leucorrhea and open sores, for
dermatitis, diarrhea, heavy female discharges, and sore throat. Berries, narcotic, analgesic, if
used externally sedative, seeds aphrodisiac.
Other Uses of Wild Plants
There are indirect economic importance of wild plants in the study area such as soil
desalination and sand drifting control.

Soil Desalinization
Attentions had been paid to the reclamation of saline soils particularly in arid land countries.
Halophytic plants grow at the salt affected part of the dune. This habitat is affected by the
leached salts from the salt marshes, and the waterways crossing the sand dunes leading to
the salinization of the soil. Salt spray affects on this habitat. It lies in the leeward side, where
there is a chance for the precipitation of salty droplets due to the decrease of wind velocity. In
the study area after the success of Juncus cultivation in the saline soil was associated with
another advantage that increases its economic value and improvement of the salt affected
land, (Zahran, et al., 2000). Being cumulative halophytes, J. rigidus and J. acutus acutus
accumulate excess salts they absorb from soil in the upper parts of their culm. These plants
are promising in the reclamation and development of the Nile Delta coastal area.

Sand Drifting Control
In the habitat with lose, mobile sand, there are specialized plant species. These plants are
usually sand binders, which can tolerate the burial of their shoot systems in sand and the
exposure of their roots these are capable of producing adventitious roots from the buried
vegetative part. They also produce long fibrous roots that run parallel to the soil surface at very
shallow depth (not exceeding 10 m). The movement of water vapour, from the deep moist
strata up wards in the soil is thought to lead to further condensation of dew in the surface
layer. The replenishment of the soil moisture of the uppermost layer would therefore be
through the condensation of internal and external dew. Accordingly, the plants have long
superficial root running parallel to the soil surface, which fix the mobile sand and prevent soil
erosion. The plants found to grow with high density and sociability on the loose dunes are
mainly geophytes (Batanouny, 1999). The most common are Silene succulenta and
Pancratium maritimum.
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The present results indicate that the flora in the Burullus lake region are mostly herbaceous.
Most of the perennial species recorded are halophytes and psammophytes, including large
number of annuals (Table 5-32). The distribution of annual species shows that they constitute
the main floristic elements of sand formations. In contrast, the annual species are few both in
the salt marsh and swampy habitats. This is due to the fact that only a few annual species can
tolerate high salinity levels, water logging or drought conditions. Perennial species are
adapted to the extreme habitats found in the area (e.g., water logged, highly saline or dry
soils) and their distribution extend in the western Mediterranean coast of Egypt (Ayyad & ElGhareeb, 1982), and in the Nile Delta coastal area. Trees are also not common in the study
area, and consist primarily of date palm plantations, or Tamarix nilotica. The aquatic plants are
less frequent in lake water with the exception of the brackish-water-macrophytes Potamogeton
pectinatus and Najas marina v. armata. Some aquatic plants in Burullus lake are also found in
irrigation and drainage canals in the Nile Delta (Khedr & El- Demerdash, 1997), and others
are the same as those found in the other Egyptian deltaic lake.
Plant life forms result from evolved adaptations to environment and climate (Kassas, 1955).
Raunkiaer (1934) designated the Mediterranean climate type as a “therophyte climate”
because of the highpercentage (more than 50 % of the total species) of this life form in several
Mediterranean floras (Raven, 1971). The life form spectrum of plant species in Burullus lake
region is dominated by therophytes and cryptophytes. Droughtevading plant species (annuals
& geophytes) constitute 66.4 % of the plant in this region. The main advantage of being annual
or geophytic is to have high degree of plasticity in growth rate, size and phenology and to
remain dormant in years of climatic extremes. El-Ghareeb & Rezk (1989) provided evidence
that therophytes acquire dominance in less saline and more sandy habitats, and cryptophytes
and chamaephytes in more saline habitats in coastal areas of Egypt.
Cryptophytes are also able to withstand water logging, high salinity levels, and a wide range of
temperature variability. Chamaephytes are the most abundant life form in the halophytic
vegetation in Egypt (Zahran, 1982). Interestingly, the cryptophytes, chamaephytes and
hemicryptophytes seem to play an important role in the processes of sand accumulation and
succession of vegetation along the eastern and northern shores of Burullus lake. Plants of
these three life forms have the ability to act as barriers to wind and/or water borne materials
which are then deposited around them. This enables such plants to produce adventitious roots
and aerial shoots from their buried organs and to replace them when they die. This has also
been noted along the Mediterranean coast of Egypt (Batanouny, 1973).
In the Burullus lake region, the importance of human activities as a factor affecting plant
distribution must be emphasized. Construction of drainage ditches, fish farms, land
reclamation, and construction of a highway joining all North African countries and passing
through the entire length of the lake all no doubt have deleterious effects on the plant life and
general biodiversity of Burullus lake.
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Conclusion
The present study indicated that the flora in the Burullus lake region are mostly herbaceous.
Most of the perennial species recorded are halophytes and psammophytes, including large
number of annuals. The distribution of annual species shows that they constitute the main
floristic elements of sand formations. In contrast, the annual species are few both in the salt
marsh and swampy habitats. This is due to the fact that only a few annual species can tolerate
high salinity levels, water logging or drought conditions.
Perennial species are adapted to the extreme habitats found in the area (e.g., water logged,
highly saline or dry soils) and their distribution extend in the western Mediterranean coast of
Egypt (Ayyad & El- Ghareeb, 1982), and in the Nile Delta coastal area. Trees are also not
common in the study area, and consist primarily of date palm plantations, or Tamarix nilotica.
The aquatic plants are less frequent in lake water with the exception of the brackishwatermacrophytes Potamogeton pectinatus and Najas marina v. armata.
Some aquatic plants in Burullus lake are also found in irrigation and drainage canals in the
Nile Delta and others are the same as those found in the other Egyptian deltaic lakes. Plant
life forms result from evolved adaptations to environment and climate designated the
Mediterranean climate type as a “therophyte climate” because of the high percentage (more
than 50 % of the total species) of this life form in several Mediterranean floras. The life form
spectrum of plant species in Burullus lake region is dominated by therophytes and
cryptophytes. Drought-evading plant species (annuals & geophytes) constitute 66.4 % of the
plant in this region. The main advantage of being annual or geophytic is to have high degree of
plasticity in growth rate, size and phenology and to remain dormant in years of climatic
extremes. El- Ghareeb & Rezk (1989) provided evidence that therophytes acquire dominance
in less saline and more sandy habitats, and cryptophytes and chamaephytes in more saline
habitats in coastal areas of Egypt.
Cryptophytes are also able to withstand water logging, high salinity levels, and a wide range of
temperature variability. Chamaephytes are the most abundant lif form in the halophytic
vegetation in Egypt. Interestingly, the cryptophytes, chamaephytes and hemicryptophytes
seem to play an important role in the processes of sand accumulation and succession of
vegetation along the eastern and northern shores of Burullus lake. Plants of these three life
forms have the ability to act as barriers to wind and/or water borne materials which are then
deposited around them. This enables such plants to produce adventitious roots and aerial
shoots from their buried organs and to replace them when they die.
This has also been noted along the Mediterranean coast of Egypt. Field study indicated that
the wild plant life has specific and zonation pattern in relation to the prevailing geomorphical
units where the top sand dunes, the xerophytic psammophytes like Silene succulenta,
Echinops spinosisus, Moltikiopsis ciliata and Stipagrostis ciliata are dominating. In the
interdune areas, obligate halophytes such as Juncus rigidus, Juncus acutus, Arthrocnemum
macrostachyum and Zygophyllum are dominating on the slope of the sand dunes, Silene
succulenta, Pancratium maritimum are growing.
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In the Burullus lake region, the importance of human activities as a factor affecting plant
distribution must be emphasized. Construction of drainage ditches, fish farms, land
reclamation, and construction of a highway joining all North African countries and passing
through the entire length of the lake all no doubt have deleterious effects on the plant life and
general biodiversity of Burullus lake.
The Mediterranean coastal region of Egypt has long been subjected to human activities
through cultivation, grazing and urbanization. The shore of Burullus lake and their various
habitat types are also threatened by the impacts of human activates. These include drying
parts of the lake, removal of large quantities of sand from the dunes, uncontrolled reed cutting;
bird hunting, over grazing of the cattle’s and caw inside the islands on the natural vegetation,
the fast grow of fish farms around the southern fringes of the lake, illegal fishing practices
including fry catching near the Boughaz El- Burullus, the excessive flow of drainage water from
the catchments areas and water pollution. The construction of the international high way which
cut the entire length of the coast and the fast growing of new human settlements on either
sides of the high way are also among the serious threats to biodiversity in the lake. The
increase of human pressure and consequent loss of wet lands in the Nile Delta needs more
efforts to conserve the remaining wet lands.
Most of species are susceptible for extinction due to habitat destruction. This may be due to
the modification of the landscape and habitat fragmentation in which a large, continuous
habitat is both reduced in area and divided into two or more fragments. Habitat destruction
cause severe impact on wildlife by destroying their natural habitat result in migration of the
species to the neighboring balanced areas. Therefore, increasing the competition between the
species for food and habitat, upsetting the natural ecological balance, reducing the biological
range of species and reducing their ability to survive.
Fishing is the leading economic activity in the northern Deltaic lakes. Fish production from the
Burullus lake increased strongly over the last 10th years. The dramatic increase in catch is the
result of more intensive catching effort rather than the results of improved productivity.
Introducing species to an area, which is not native, is mainly related to humans directly and
indirectly as well. The introduced species compete with the native species or may prey on
them. In the study area the construction of the international coastal highway has a negative
effect in the study area. It causes direct destruction to environment and natural hosts, also it
causes enter of new species that not recorded before in the study area (e.g. Convolvulus
lanatus, Zygophyllum coccineum and Thymelaea hirsuta).
Cultivation of some crops in the dried parts of Burullus lake such as grapes and watermelons,
increase of swamps and salt marshes particularly along the south- east and south- west parts
and increase of the cultivated lands and human settlements.
The vegetation burning is usually occurring upper the sand dunes areas. Fire is made by the
habitant. Fire is a severe habitat destruction cause killing of the wild life and changing the
habitat type which has a very bad impact on wildlife represented by losing the living organisms
like vegetation and other associated biota.
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The major plant habitat types recognized in the study area are sand dunes, salt marshes,
shoreline and open water. Five major plant lifeforms were recorded therophytes (annuals),
cryptophytes, chamaephytes, phanerophytes and hemicryptophytes. Therophytes were the
best represented (37.3 %). The next best represented life- form were the cryptophytes
(33.7%). Chamaephytes constituted 12% of the plant species. Phanerophytes and
hemicryptophytes were equally represented (8.4 %).
Study of Plant Life in the Study Area
Environmental survey was conducted on the basis of available data and explores the site and
field trips along the region under study and classification of environments for the animals and
plant life and the situation existingcurrent vegetation and the potential impact of the new land
use system on the local plant life. Was also an evaluation of management practices at the
expense of natural habitats and plant life in this current work is an attempt to collect and
analyze data available for environmental impact assessment study for the city of Mutubas.

Methodology
Was conducted several field visits were tested three places to represent the natural and
geographical diversity externalities in the study area, the main settings identified in the study
site is the formations of sand and reclaimed lands. Was a list of species of flora and
appearance based on the repetition and intensity, and sovereignty has been the use of the
composite report on the balance of the abundance of coverage with the social value (Brown,
Blunkett, 1964), the main diversity is calculated for each type according to the number of the
main type of each subject in accordance with the method of Bello (1975). Approach was
Takholm (1974) and Paulus (1995) in the nomination and appointment of plant species have
been updated for the Latin names of the followers of a Bolus (2002).

Vegetation
Plant life can be divided land near the study area and near the Mediterranean Sea to areas
around the land and sovereignty, which vary in composition and extension on the basis of (a)
the form of land and (b) distance from the sea, lakes and cultivated land, the groups of plant
life.
These coastal sites are described in four personification, which shows the locations of plant
life near the West Lake Burullus Burullusand the extension of the city in the north-west of the
Nile Delta in Egypt.
Operates two types of plant life, the natural environments: the composition of the sand and
cultivated land is a possible formation of the sand is low and where the tapes QallabEgypt
(Hosni Shaltout 1994 and 1997) and are areas of trees, exclusive of clothing plant light (<5%).

Results and analysis
Registration and adopt the observations in the current study on field trips in the study area.
Been surveyed for four sites distributed in different environments, the characteristics of the
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sites have been recorded from Samples in Table 5-33 sites are located near the area of the
city and extending Mutubas, which have been planting the plants in advance are able to
tolerate salt, given the nature of the land area of study.
Table 5-33
Site Features Samples of the Vegetation Survey in the Study
Number of
Subject
1
2
3
4

The Natural Environment
Volatile environment and the territory of an abandoned
Depressions deep sand and the confluent Amadatrip full.
Sand flats and sand due to sand deposits caused by the formation of
small sand hills
Land surface of deep sand.

Table 5-34 shows the species were recorded at different locations in the study, which rarely
exceed vegetation Total 2 to 4%.
The human impact on thestudy area could explain the high number of grass plants in the
group, thisresult is consistent with the findings Kovarik (1990), which indicated that
theincrease in plant species associated with different human activities in theregion.
Field observations haveshown that the distribution of agricultural land management and follow
thedirection of north - south, the most common crops in the irrigated land ispermanently wheat
(Triticum Vulgare), and Egyptian Albsm (Trifoliumalexandrium), Alzerp Shamia local grain crop
is the main summer season, somegrass Many of them are plants such as salt Saady Carex
divisia and chatters andlong-Saad and Echinochloa Colona.
Plant Bassia Idica Lines (asterisk) Aster Squamatus (Figure 5-45):
Hoohd species are available in various wetlands in the Nile Delta have been brought from
Latin America, a plant Mtoqlm full now and the grass is one of the most prevalent in Egypt
(and the railway Bolus 1994).
Aster Squamatus (Figure 5-46):
Hoohd species are available in various wetlands in the Nile Delta have been brought from
Latin America, a plant Mtoqlm full now and the grass is one of the most prevalent in Egypt
(and the railway Bolus 1994).
Circumvent (Aljedeid) Sonchus macrocarpus (Figure 5-47):
About what kind of Jewish settlers in the area of study (Paul and Jeffrey 1963)
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Palm Trees (Figure 5-48):
Palm is one of the most important species in economic terms, using her teeth Kvrchap bud
and the two parties to "programs" for intestinal bleeding. Balah used in treatments designed to
cleanse (Bolus 1983 - Moussa, 1987).
Table 5-34
Species Recorded at Different Locations in the Study Area
Site

Natural plants

1

Lifestyle
Chamaephytes
Chamaephytes
Hemicrptophytes

Pluchea dioscoridis

Chamaephytes
Annuals seed plants

Conyza bonariensis

Annuals seed plants

Bassia Indica

Annuals seed plants
Hemicrptophytes

2
3

Castor-oil plant large

Annuals seed plants

tamarisk Nile

Annuals seed plants

lagopides Aleuropus

Hemicrptophytes

senecio jacobaea

Annuals seed plants

Eucalyptus

Annuals seed plants

Bassia Indica

Annuals seed plants

Mesymbryanthemum crystallinum

Annuals seed plants

Australian cane

Landmine plane a saline

Grass

Landmine plane-a saline

Goose-foot

Annuals seed plants

(

4

)

Annuals seed plants

Pluchea dioscoridis

Annuals flowery plants

Bassia Indica

Annuals seed plants

Australian cane

Landmine plane-a saline

Chenopodium glaucum

Annuals seed plants

Papyrus Ring
Grass

Landmine plane-a saline
Landmine plane-a saline

Portulaca

Annuals seed plants

Imperata cylindrical

Landmine plane-a saline
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Figure 5-45
Plant Bassia Idica Lines (Asterisk)

Figure 5-46
Aster Squamatus (Starfruit)
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Figure 5-47
Circumvent (Aljedeid) Sonchus Macrocarpus

Figure 5-48
Palm Trees
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Plants used as fuel: Artho cnemumma crostashyum:
Which takes care of the plants and feed pets: Aleuropns Logopoides and Chinese tamarisk
Nile round wood and papyrus reeds and grass, and Australia.
Plants used for medical purposes:
Roundwood papyrus reeds and grass, and the Australian and portulaca and Imperata
Cylindrical (Shaltout and Khalil 2005).
Compared with the surrounding coastal areas:
According to him Tadros (1953) and Alaptaony (1965) and Ayad strange (1982) and Zahran
(1990), Vgn plant species in the environment of the salt swamp parts of West and East Coast
of Mediterranean Sea in Egypt and in the vicinity of the same species of plants found in the
delta. A comparison, however, with the quagmire of salt is linked in the long (Ismail AbdelRazek, 1990) show that the pattern of distribution to the regions are quite different, however,
there are many types Aleuropns Logopoides common, such as steel and rush, or be replaced
by related species such as Qallab Egypt - the country level. The similarities between the Delta
and the surrounding coastal sectors is less clear if we take into account the composition berm.
This principle can be explained by reference to the different Mncoalrml and differences in
particle size and the situation in front of the Delta (Zahran, 1990).
The scope of the pattern of life Despite the similarity of the composition of plant life in various
locations, however, show that the life of plants varies considerably. Refers to the pattern of life
to a kind of plant growth is supposed to be the result of Amendment of the morphological
change in the environment (and Stobie, 1980). An analysis of data (Table
5-35) to a higher proportion of the lifestyles of the resistance to ater pressure Yearbooks
(Therophytes) and ground vegetation at the sites that were subject to study. Each pattern of
life to adapt the above-mentioned adjustment with the unique atmosphere of the
Mediterranean Sea.
Table 5-35
Wide Pattern of Life and Plant Species Listed on the Sites that were Subject to Study
G: ground vegetation, P: pink plants, T: Plants Yearbook,
C: Chamaephytes, H: local plants

Total number of
Species
13
2
6
11
32

Lifestyle
G
2
4
6

H
3
3

P
3
1
5
9

Site
T
4
2
3
2
11

C
3
3

1
2
3
4
Total
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We propose Mashaly (1987), a sequential pattern in which to assess the type of plant life Btob
the coast of the delta. This pattern indicates a general trend of the territory of saline
environments to lower salinity environments, and the territory to the territory of non-fertile land
planted with a change in the chain of results from the topography and the physico-chemical
parameters of the soil.
Biodiversity Assessment
3 depend on the evaluation criteria is the situation critical and the size and the area around the
landscape. Size is the size of the area or size and richness of natural vegetation (CTR).
Situation is to measure the composition and structure ... Landscape the area around the words
on the measurement of two factors: the prevailing environmental systems and processes that
develop and maintain the appearance of the elements and connectivity.
That the biological diversity of this region's diversity is acceptable (Table 5-36) up to or is lower
than desired, but is subject to recovery. Believed that the natural vegetation communities is
declining, perhaps because of changes in environmental conditions and / or water quality,
despite the increased sedimentation
The composition of the natural environment has changed considerably in many locations. Has
resulted in the collection of crop and grazing to semi-permanent changes in the areas of water
flooded the plains Flooding Value agricultural value because it is not possible to recover these
sites in the foreseeable future, that the areas are still home to woody plants should recover the
species composition of the former.
Table 5-36
Critical Assessment of the Biodiversity of the Elements
of the Various Locations of the Samples
Vital elements of the maintenance
Site
1
2
3
4

The vicinity of natural

Situation

Volume

acceptable
acceptable
acceptable
acceptable

acceptable
acceptable
acceptable
acceptable

acceptable
acceptable
acceptable
acceptable

In dispersed locations, the numbers of the few plants exist and many of them small and in the
case of weak. Likely that development and associated infrastructure (roads, utilities and
drainage systems), and exotic and invasive species will contribute to the changes in the
composition of species within the new systems also pose a big challenge in the future.
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5.7.3

Wild Animals

The survey of thewildlife and fauna have been recorded observations of the abundance of
animals .This survey included the land area near the site of the city, the registration of
alllivestock activitiessuch as tracks and the work of burrows and nutrition,building nests and
defecation. In general, it was found that the plants ofthe desert region; the scarcity of the
environment of the plant providesshelter and housing resources AlalqWildlife of the birds and
mammals andreptiles.
Most of the region belongsto the region on the project, the coastal plainfor Mediterranean
sediments ofthe deliberative, however, the average annual rainfall in the area Burullusof 111
mm. According to him (Siraj et al, 1996), plant life, the poor in thestudy area mostly due to the
high pH (more than 8) and EC (more than 3)and this directly affects the plants of the region.
Soil consists of silt andclay and sand in study area, in addition to the smallagricultural plants
showed human activities, whichshows the presence of wild plants. Therefore, the animals of
the area is limitedand restricted to areas with small shrubs and plants.
Soil Animals and Insects
Animals and insects live on the soil was the most obvious form of animal life inthe region
because of the surface manifestations general lowlander and small houses toprovide good
shelter for animal life and the example
1.

Ants and nest (Figure 5-49, A&B) and Red wood and (Figure 5-49, C), and these types
of ants make nests in the soft sand near or under the plants and they are well known in
the food chain as feed on the remains of plants and animals.

2.

The gold home Fly (Figure 5-49, D) and the common house fly (Figure 5-49, E), which
is active in many areas in Egypt, the dragon-fly (Figure 5-49, F) and models of female
flies (Figure 5-49, F) The common form of the wasp (5-49, G) are few and limited
deployment.

3.

Ground beetles (Figure 5-49, I) a harmful insect is doing a tunnel under the soil surface
and feed on the roots of plants.

Amphibians:
Characterized by the Nile Delta Amphibians existing agricultural land, such as the mountain
frogs "Toad" and the Green Toad and common Toad.
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Figure 5-49
The Different Types of Insects that Exist in the Region
(A) ant nests in the area; B) ants; C) red ant; D) fly home the gold; E) and the common house;
F) fly dragon fly; G) female fruit flies; H) common wasp; I) ground beetle

A
B
C

E

F

D

H
I
G
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Reptiles:
Reptiles make their homes in places where there is housing and food security (Figure 5-50, A)
and based on our observations and previous reports have been able to determine that there
are: Small family of lizards (Jikunad Gekkonidae) (Hemidactylus Sp) (Figure 5-50, B) and common
lizards in the desert all the places close to agricultural areas, these reptiles are not of great
importance and is one of images of animal life existing in the ecological system of Egypt.

The Skink flickering (Figure 5-50, C)
Who lives in a large group of citizens along the Nile Valley and Delta, we are of great
importance.

Desert snakes (Figure 5-50, D)
There is Few in number because of the great human activities in the region and has not been
detected or to provide reports on the poisonous snakes.

Birds:
Birds are considered one of the most obvious components of the phenomenon and in the biodiversity conservation in Egypt, as Egypt has many places of each of these places are many
and all of these locations is a unique haven for bird life and Egypt is considered as the only
bridge which connects Asia to Europe to Africa, they represent one of the most important
migration routes in is the world where hundreds of millions of birds each spring and autumn.
Where many of the birds over winter in the wetlands, making it the Egyptian territory
internationally important for the winter birds of the water. There are a total of 36 state
endangered species in the world, this including seven species of particular importance to
Egypt.
Egypt has benefited from the life of the bird on its territory since ancient times and represents
the country's vital habitat for many types of birds and takes part in the responsibility system for
global environmental preservation.
We have all types of birds that are found in the region, few in number and distribution. The
spread of these species of birds endemic usually the Nile Valley and Delta, such as:
Alemmpaldhagp (Streptopelia senegalensis); (Figure 5-51, A) and rock dove (Columba
livia); (Figure 5-51, B), which live in inland areas and cities, parks, farms and semi-desert land
and the feed on plant material.
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Figure 5-50
Amphibians and Reptiles in the Study Area
(A) The common frog; (B) The toad Green;
(C) Chalcides Ocelluts; (D) desert snakes
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Hoopoe (Upupa epops); (Figure 5-51, C), which is restricted to agricultural areas.
The house sparrow (Passer domesticus); (Figure 5-51, D) he present in cultivated land and
on building and urban areas, which feeds on plants and insects.
Desert Raven (Corvus corone); (Figure 5-51, E) is familiar with residence in the desert areas
and farmland, this bird is a few feeds primarily on the materials, rubbish plants and carcass.
All the bird species mentioned above are evaluated abundant birds in many ecosystems
throughout the environments, the Egyptian Interior vulnerable at all.

Coastal birds:
Sea gull (Larus sp.); (Figure 5-51, F)is the only bird who noted its presence in the vicinity of
the proposed project, which is home to the coastal areas and inland areas, and it is certain
that the fisheries and the activity of ships in the region provide a good source of food for this
type .
The study area for the birds through not present travelers, hence the lacks of activity of these
birds, which prefer to travelers the most appropriate, such as the Lake Burullus near the study
area.

Details on Birds are Presented in the Following Section.
Mammals:
Caused by human activities in the removal of many types of mammals, it is a relatively poor
region in mammals, which was found in areas far from human activities which are:
A - Wild Species:
Rodents, such as the vole (Arvicatis niloticus); (Figure 5-52, A), and the Black Rat (Rattus
rattus) (Figure5-52,B); and rat spinal bicolor (Acomys Cahirinus) (Figure 5-52, C); mostly
found in agricultural areas near the study area, which feed on seeds and plant material.
Weasel (Mustela nivalis) (Figure5-52, D), which preferred areas with carcass and garbage.
The familiar cat (Felis Sp.) (Figure5-52, E) and dogs (Canis Sp) (Figure5-52, F), the areas
have to find shelter and food.
B - Domestic Species:
Some farmers in the villages near some livestock activities saluting no sheep and herds of
livestock (Figure 5-53). All the above-mentioned species of mammals are animals living in
environments of Egyptian public and contributes to the environmental balance of the whole.

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 173 of 305

Figure 5-51
Birds in the Study Area
(A) Al Yamamah Aldhagp; (B) rock dove; (C) Hoopoe;
(D) House sparrow; (E) Raven desert; (F) the sea gull
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Figure 5-52
Mammals Found in the Study Area
(A) Vole (Arvicatis niloticus); (B) Black Rat (Rattus rattus); (C) rat spinal bicolor (Acomys
Cahirinus); (D) Weasel (Mustela nivalis); (E) The familiar cat (Felis Sp.); (F) dogs (Canis Sp).
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Figure 5-53
Sheep Near the Town of Mutubas
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5.7.4

More Details on Birds

1. HABITATS SUPPORTING WATER BIRDS

Habitats inside Lake Burullus may be roughly classified into four categories: 1- reedbeds, 2marshes with halophytes, 3- open water with submerged vegetation, 4- areas with very low
water levels and emergent sand or mud-flats with scarce or no vegetation. On the edges of the
wetland there are sand dunes between the sea and the lake, and man-made habitats such as
canals and drains, arable land and fish-farms. The breeding population of Pied kingfisher
(Ceryle rudis rudis) of the lake is gathered mainly along the banks of the surrounding canals.
Fish-farms may be of interest only for fish-eating birds like herons, gulls and terns during
winter and passage periods (Tinarelli 1994).
Reedbeds and Marshes
Reedbeds within the lake are estimated to cover about 7000 hectares (Shaltout et al. 2004)
and represent one of the most important reedbeds in the Mediterranean region where this type
of habitat is becoming more and more rare and threatened. The largest reedbeds are mainly in
the middle-southern and eastern parts (between Elshkloba and Baltim), but many wide reedbelts are present along the western and the northern shores of the lake. The surface covered
with reed beds had increased strongly in the past decades due both to marked increase of
freshwater with heavy fertilizer loads brought by drainage canals, and to frequent clogging of
the connection with sea. At present, the growth of the reedbeds, seems stable, or even
retreats.
Wintering and migrant birds like Squacco Heron (Ardeola ralloides), Marsh Harrier (Circus
aeruginosus aeruginosus) and many passerines are strongly dependent on reedbeds for
foraging and refuge. Reedbeds provide also important breeding habitat for the rare Purple
Gallinnule (Porphyrio porphyrio madagascariensis), Little Bittern (Ixobruchus minutus
minutus), Moorhen (Gallinula chloropus chloropus), Water Rail (Rallus aquaticus aquaticus)
and Clamorous Reed warbler (Acrocephalus stentoreus stentoreus). Small open waters inside
the reedbeds are feeding and resting sites for Ferruginous Duck (Aythya nyroca). Red-Crested
Pochard (Netta rufina) and less frequently for other dabbling ducks.
Areas of Low Water Levels and Exposed Sand/Mud Flats
Areas of low water levels and exposed sand / mud flats with scarce or no vegetation are
mainly in the northeastern sector where the reed growth is limited by salt-water entering from
the sea. The presence of this habitat is very important for the lake because it supports foraging
wintering and migrant waders. Emergent sand-flats and mud-flats are used also by wintering
and migrant terns and gulls (especially Little Gull Larus minutus and Whiskered Tern
Chlidonias hybrida hybrida) and herons (especially Little Egret Egretta garzetta garzetta) as
resting site. Small areas of mud-flats with scarce or no vegetation are present inside some
islets and represent suitable habitats for breeding of Collared Pratincola (Glareola pratincola
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partincola), Kentish Plover (Charadrius alexandrinus alexandrinus), Kittlitz’s Plover Charadrius
pecuarius allenbyi) and Little Tern (Sterna albifrons albifrons).
Open Water with Submerged Vegetation
Open water with submerged vegetation is the feeding and resting habitat for wintering and
migrant ducks and coots. Most eutrophicated area with presence of insects on water surface,
generally near reedbeds, are used as foraging sites by Little Gulls (Larus minutus) and
Whiskered Tern (Chlidonias hybrida hybrida). Marshes with halophytic vegetation are present
both inside many islets due to salted soils, and along the southern shore in areas formerly
used for commercial salt production and fish farming. Spur-winged Plover (Hoplopterus
spinosus) uses this type of habitat for breeding, while wintering and migrant raptors, waders,
Great White Egret (Egretta alba alba) and Little Egret (Egretta garzetta garzetta) use it for
feeding (Tinarelli 1994).
2. BREEDING BIRDS

Breeding water birds in Lake Burullus include Little Grebe (fairly common), Little Bittern
(probably hundreds of pairs), Water Rail (fairly common), Moorhen (common), Purple Gallinule
(common; together with Lake Manzala probably they are the most important breeding sites in
the Western Palearctic), Painted Snipe (locally southern shore), Collared Pratincole (at least
2000 pairs along the southern shore in 1992, one of the most important breeding areas in the
Western Palearctic), Kittlitz’s Plover (scarce; southern shore), Kentish Plover (common; over
300 pairs in 1992); Spur-winged Plover (fairly common) Little Tern (common; over 500 pairs in
1992). Reedbeds and salt marshes hold a variety of other breeding species including Senegal
Coucal (fairly common), Pied Kingfisher, Lesser Short-toed Lark, Fan-tailed Warble, Graceful
Warbler, Clamorous Reed Warbler and Streaked Weaver (Meininger & Atta 1994).
The reedbeds of Lake Burullus undoubtedly hold one of the largest populations in the Western
Palearctic of Little Bittern, Purple Gallinule and Clamorous Reed Warbler. The only western
Palearctic population of Painted Snipe and Senegal Coucal are found in Egypt. The salt
marshes around Lake Burullus are of major importance for two subspecies endemic to Egypt;
Lesser Short-Toed Lark Calandrella rufescens nicolli which is only known from north Nile
Delta, and Egyptian wagtail Motacilla flava pygmaea which is only known from the Nile Delta
and Valley. Lake Burullus may well be the stronghold of Calandrella rufescens nicolli
(Goodman et al. 1989, Meininger & Atta 1994).
The breeding bird community in the lakes of north Nile Delta can be grouped in to 2 groups:
species breeding solitary in the cover of reedbeds, and species breeding in the extensive salt
marshes and sparsely vegetated sandflats.
The absence of species breeding in large colonies (e.g. herons) is striking, and is probably an
indication of the level of human disturbance. The absence of the breeding species GreatCrested Grebe and Coot, both characterized by easily detectable nests, may also be related to
disturbance. Proper management that leads to reduction of the direct disturbance in some
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selected areas in the lake, would undoubtedly have immediate positive effects on the numbers
of the breeding waterbirds (Meininger & Atta 1994).
3. BIRD SURVEYS

Considering the geographical position and the present habitat types, Lake Burullus is most
likely of major importance for waterbirds, especially herons, ducks, waders, gulls and terns
(Goodman et al. 1989, Tharwat 1997, Baha El-Din 1999). There is virtually no data on the
function of Lake Burullus as a staging area for birds during spring and autumn migration. Apart
from winter surveys, the only reasonably complete census of waterbirds was made on
November 1981 (Bennett et al. 1982). Since that census was carried out after the main
autumn migration period of most waterbirds between Eurasia and sub-Saharan Africa, and
before the main winter influx of ducks and coot, numbers of most species observed were lower
than in winter. The numbers of Shoveler (2100), Tufted Duck (13400), Ferrugineous Duck
(100), Coot (64000), and Whiskered Tern (3000) were noteworthy. The marshy areas are
undoubtedly of importance for enormous number of passerines during migration.
Four winter surveys (1978/79, 1979/80, 1989/90 and 1994) were carried out for the birds of
Lake Burullus (Meininger & Atta 1994 and Tinarelli 1994). An autumn survey was recently
carried out in 2000 by Tharwat and Hamied (2000). One hundred and twelve bird species and
subspecies were recorded in these surveys (Table 5-38), they represent 21.7 % of the total
avifauna of Egypt (515 species and subspecies, as reported by Tharwat 1997). During these
four winter surveys, there was a remarkable increase in species richness associated with a
sharp decrease in the community density (Figure 5-54) This was due to the dramatic decrease
in the density of some populations such as those of Coot (Fulica atra atra), Shoveler (Anas
clypeata), Black Headed Gull (Larus ridibundus), Pochard (Aythya ferina) and Ferruginous
Duck (Aytha nyrrca). Some other populations had an increased density with time (Figure 5-55)
such as Kentish Plover (Charadrius alexandrinus alexandrinus), Little Stint (Calidris minuta)
and Pied Kingfisher (Ceryle rudis rudis). It is of interest to indicate that, 18 of the 53 species
recorded during autumn by Tharwat and Hamied (2000), were not recorded in any of the
previous winter surveys. This means that a complete annual survey, based on monthly or
seasonal intervals, will lead to give a reasonable evaluation about the species richness of
avifauna in Lake Burullus.
Of the 112 bird species and subspecies recorded in Lake Burullus: 46 are residents, 80 are
winter visitors, 23 are spring visitors, and 72 are both summer and autumn passers (Table 539). The collection of information about the national and world distributions of these birds
indicates the possibility of occurrence of 8 endemic species and sub-species (Table 5-40):
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Table 5-38
List of the Bird Species Recorded in Lake Burullus Based on Four Winter Censuses
Extended from 1978 to 1994 and an Autumn Census in 2000.
The first three censuses are those of Meininger & Atta (1994), the fourth is that of Tinarelli (1994), and the fifth is
that of Tharwat and Hamied (2000). * : Denotes the endemic species, ** : the extinct species, b: breeding species.
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Table 5-38 (Contd.)
List of the Bird Species Recorded in Lake Burullus Based on Four Winter Censuses
Extended from 1978 to 1994 and an Autumn Census in 2000.
The first three censuses are those of Meininger & Atta (1994), the fourth is that of Tinarelli (1994), and the fifth is
that of Tharwat and Hamied (2000). * : Denotes the endemic species, ** : the extinct species, b: breeding species.
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Table 5-38 (Contd.)
List of the Bird Species Recorded in Lake Burullus Based on Four Winter Censuses
Extended from 1978 to 1994 and an Autumn Census in 2000.
The first three censuses are those of Meininger & Atta (1994), the fourth is that of Tinarelli (1994), and the fifth is
that of Tharwat and Hamied (2000). * : Denotes the endemic species, ** : the extinct species, b: breeding species.
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Table 5-38 (Contd.)
List of the Bird Species Recorded in Lake Burullus Based on Four Winter Censuses
Extended from 1978 to 1994 and an Autumn Census in 2000.
The first three censuses are those of Meininger & Atta (1994), the fourth is that of Tinarelli (1994), and the fifth is
that of Tharwat and Hamied (2000). * : Denotes the endemic species, ** : the extinct species, b: breeding species.
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Table 5-38 (Contd.)
List of the Bird Species Recorded in Lake Burullus Based on Four Winter Censuses
Extended from 1978 to 1994 and an Autumn Census in 2000.
The first three censuses are those of Meininger & Atta (1994), the fourth is that of Tinarelli (1994), and the fifth is
that of Tharwat and Hamied (2000). * : Denotes the endemic species, ** : the extinct species, b: breeding species.
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Figure 5-54
Relationship between the species richness and individual number
during the four winter censuses extended from 1978 to 1994
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They represent about 47 % of the total endemic avifauna in Egypt (17 species and subspecies
as reported by Tharwat 1997).
4. ECONOMIC IMPORTANCE

Wall paintings on the old Egyptian temples prove that wildbirds played some economic roles in
the ancestors life who utilized them for several purposes such as food, decoration, medicine,
education, domestication, sport and religion. At the present time, wildbirds are still being used
and several bird species are being trapped allover the Egyptian wetlands and deserts mainly
for food and sport. However, assessment of the effect of these activities on the population of
the victim captured species and economy was attempted by a few researchers (e.g. Mullie and
Meiniger 1983, Goodman et al. 1989, and Baha El-Din 1992, 1999).

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 186 of 305

Figure 5-55
Number of Bird Individuals in Relation to Census Date
A: decreasing Relationship, B: Increasing Relationship
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Table 5-39
Status and Abundance of the Bird Species Recorded in Lake Burulus
The abundance categories are R = rare; S = scarce; A = accidental; O = occasional; U =
uncommon; C = common, B = abundant (after Goodman et al., 1989, Tharwat 1997). * :
Denotes the endemic species, ** : the extinct species, b : breeding species
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Table 5-39 (Contd.)
Status and Abundance of the Bird Species Recorded in Lake Burulus
The abundance categories are R = rare; S = scarce; A = accidental; O = occasional; U =
uncommon; C = common, B = abundant (after Goodman et al., 1989, Tharwat 1997). * :
Denotes the endemic species, ** : the extinct species, b : breeding species
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Table 5-39 (Contd.)
Status and Abundance of the Bird Species Recorded in Lake Burulus
The abundance categories are R = rare; S = scarce; A = accidental; O = occasional; U =
uncommon; C = common, B = abundant (after Goodman et al., 1989, Tharwat 1997). * :
Denotes the endemic species, ** : the extinct species, b : breeding species
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Table 5-39 (Contd.)
Status and Abundance of the Bird Species Recorded in Lake Burulus
The abundance categories are R = rare; S = scarce; A = accidental; O = occasional; U =
uncommon; C = common, B = abundant (after Goodman et al., 1989, Tharwat 1997). * :
Denotes the endemic species, ** : the extinct species, b : breeding species
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Table 5-40
National and World Distribution of the Bird Species Recorded in Lake Burullus
(after Goodman et al. 1989, Tharwat 1997).
* Denotes the endemic species, ** the extinct species, b ; breeding species
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Table 5-40 (Contd.)
National and World Distribution of the Bird Species Recorded in Lake Burullus
(after Goodman et al. 1989, Tharwat 1997).
* Denotes the endemic species, ** the extinct species, b ; breeding species
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Table 5-40 (Contd.)
National and World Distribution of the Bird Species Recorded in Lake Burullus
(after Goodman et al. 1989, Tharwat 1997).
* Denotes the endemic species, ** the extinct species, b ; breeding species
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Table 5-40 (Contd.)
National and World Distribution of the Bird Species Recorded in Lake Burullus
(after Goodman et al. 1989, Tharwat 1997).
* Denotes the endemic species, ** the extinct species, b ; breeding species
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Table 5-40 (Contd.)
National and World Distribution of the Bird Species Recorded in Lake Burullus
(after Goodman et al. 1989, Tharwat 1997).
* Denotes the endemic species, ** the extinct species, b ; breeding species
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Waterfowl Hunting
Waterfowl hunting is an old activity in Egypt that goes back to the dynastic time. At present,
waterfowl are still being hunted allover the Egyptian wetlands especially Lake Burullus. Two
types of waterfowl hunting are known in Egypt: commercial hunting and sport hunting, both are
practiced mainly during the winter season when there is abundance in the number of wintering
birds.
-

Commercial hunting

The commercial hunting occurs by trapping and shooting waterfowl by the local inhabitants
living around the lake who are mostly fishermen. The catch is sold alive or dead in markets in
Port Said and Damietta, some smaller bird markets are distributed in villages around the lake.
It was estimated that the total annual catch of waterbirds from Lake Burullus ranged from
28000 to 57600 birds. The overall estimate of the annual number of waterbirds is about half a
million birds which brings a modest economic value to the national income (Goodman et al.
1989). Historically, Quail netting is an old activity in Egypt that dates back to the Old Kingdom
(2325 BC) as depicted on the tombs of Mereruka at Saqqara (Houlihan and Goodman 1986).
At the beginning of this century, millions of Quails were exported from Egypt to Europe.
Between 1906 and 1913 the number of Quails exported ranged from one to two millions. In
1919 the estimated figure was 3/4 million, and in 1925 and 1926 about half a million were
exported to Europe. Since the 1920's and 1930's the number of Quail netted along the north
coast have declined, consequently there was no more export (see Goodman et al. 1989).
-

Sport hunting

Sport hunting is a non commercial hunting occurs mainly for pleasure, and the hunted birds
are consumed by the hunter's families and friends. This type of hunting is well organized by
two shooting clubs based in Cairo and Alexandria. The Cairo Shooting Club hires a number of
lakes from Governorates of Sharkia and Ismaelia and maintains them to be used in the winter
season as hunting reserves. Duck shooting at these reserves is allowed only on 16 days per
year (one day every week), lasting from early December to Mid March. The total number of
ducks shot at the hunting reserves of Egyptian Shooting Clubs was estimated to be between
20000 to 30000 per season (Mullie and Meininger 1983). The economic value of hunting by
the shooting club is related to the fees of hiring the lakes from the Governorates and to few
individuals employed by the shooting clubs to guard the hunting reserves. However, this
economic value cannot be considered of significant weight. Furthermore, there are several
thousands of sport hunters, who are not members of shooting clubs, they hunt waterfowl
allover the Delta and western desert lakes. Their annual bag is estimated to be 3000 – 4500
birds (Goodman et al. 1989). There is no economic value for this type of hunting, apart of the
free meals it provides for several thousands of people. However, most of the hunters are not
dependent on these meals and the hunting occurs mainly for recreation.
Capturing of Birds of Prey
It is certain that the capture and trade of birds of prey (other than large falcon) is the most
destructive and least economically justifiable bird catching activity practiced in the Egyptian
wetlands. There are also relatively few key trade outlets through which the birds reach the
market, which might be relatively easy to ban the birds off the market. A first step in this action
area is to change law no. 53 for 1966, which provides protection for all birds beneficial to
agriculture, including birds of prey (according to Ministerial Decree 66 for 1983). This law
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protects birds of prey from being captured and killed, but no where does it prohibit the trade in
these birds. Thus, it is currently not possible to make any legal action concerning birds offered
for sale on the market (Tharwat and Hamied 2000).
It is probably unpractical to attempt banning the capture of birds of prey completely, but it
might be feasible to regulate this practice, allowing the catchers to capture a certain number of
large falcons every year, and prohibit completely the capture and trade of all other birds of
prey. Certain catching methods which involve the use of other birds of prey as decoys should
also be banned.
5. MANAGEMENT PRACTICES

Tharwat and Hamied (2000) suggested the following management practices in Lake Burtullus:
1- establish a training program to train people in bird watching, identification of birds, ringing,
counting and photography; 2- support the Burullus Protectorate area with the instruments that
help in the recording and identification of the bird during their movements; 3- strengthen the
law enforcement in the protected area; 4- carrying out public awareness programs to inform
people about the importance of protected areas and wildlife; 5- encourage the activity of bird
watchers and find the best way to attract them; 6- publish a quarterly newsletter and a field
guide for the avifauna of the area; 7- establish a page in the Internet about the avifauna of the
area; 8- hold an international conference every three years to discuss the status of the
avifauna of the area and compare it with the world status; 9- encourage the study of birds as
pests for agriculture and aquaculture in Egypt; 10- extend the study of the avifauna to be done
throughout the year seasons; 11- there is a great need for action to prevent habitat
manipulation that occurs in the protected areas which leads to damage the avifauna; 12- there
must be a study of environmental impact assessment for any project or activity in or around
the protected area; 13-prevention of Quail netting inside the protected area; 14- establish a
program supported by donors or international agencies for protecting the threatened bird
species; and 15- encourage local organizations and NGO's to participate and play their role in
the conservation of the area.

5.7.5

Natural Protectorates

The importance of the marine and terrestrial ecosystems of the area has been recognised by
the establishment of Burullus Protectorate. Figure 5-56 illustrates the location of the
Protectorates in Egypt.
Burullus Protectorate
Burullus was declared as a Protected Area by virtue of Prime Ministerial Decree 1444/1998.
Location and Area
Lying in the northwest of the Nile Delta between Damietta and Baltim Branches, Burullus
Protected Area is 120,000 feddans in area. Lake Borollos is one of the most significant
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landmarks of the protected area, encompassing more than 28 islands, the smallest of which is
the 2-feddan Abu Amer Island which is inundated with water most of the year, while the largest
is the 100-feddan Al-Kom Al-Akhdar Island. The protected area is rich in biodiversity.
Climate
The area is dominated by a Mediterranean climate where temperature ranges between 2-13
in winter and 6-26 in summer. Precipitation ranges between 140-250 mm per annum, and
winds are western and northwestern.
Economic Significance
Lake Borollos occupies 88% of the whole protected area, serving more than 65,000
households, i.e. 25% of governorate citizens most of whom profess fishing. Kafr esh-Sheikh is
the first nationwide in fish production, with a total productivity of 56,000 tons/year. Lake
Borollos contains fish farms hired to natives, producing 11,000 tons/year. Furthermore, locals
extract salts from salt marshes, and use reeds spread all over the Lake in some industries
such as ceilings and fences.
International Significance
The Protected Area is enlisted on RAMSAR Convention on Wetlands which contributes to the
protection of wetlands for water birds, as the Lake is a haven for migratory birds during winter
and autumn coming from Europe and Asia to Central and South Africa.
Burullus Protected Area
The Prime Minister's Decree No. 1444/1998(1)established the Burullus protectorate in the Kafr
esh-Sheikh Governorate. The Prime Minister's decree identified the boundaries of the
Burullus protectorate in terms of its coordinates as follows:
Burullus Natural Protectorate
Point (A):
Point (B):
Point (C):
Point (D):
Point (E):
Point (F):
Point (G):

Longitude
31°
31°
31°
31°
30°
30°
30°

\

00
09\
07\
02\
57\
30\
30\

\\

00
40\\
03\\
10\\
41\\
00\\
00\\

Latitude
31°
31°
31°
31°
31°
31°
31°

35\
31\
28\
30\
23\
21\
27\

27\\
22\\
11\\
00\\
11\\
08\\
16\\

Figures 5-57 (A, B, C&D) illustrate the Burullus protectrate, where the site of the proposed
Burullus Power project is depicted relative to its boundaries.

(1) Governmental (official) Journal (Al-Waqaeé Al-Masryyah) No. 112; 23 May 1998.
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Figure 5-56
Protectorates of Egypt
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Figure 5-57 (A)
Burullus Protected Area
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Figure 5-57 (B)
Burullus Protected Area
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Figure 5-57 (C)
Burullus Protected Area
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Figure 5-57 (D)
Location of the Burullus Power Plant Relative to Burullus Protected Area
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5.7.6

Lake Burullus (Burullus Weltland)

1. General Characteristics
Burullus Wetland (i.e. Burullus Protectorate Area) is located along the Mediterranean coast in
the northern part of Nile Delta. It is bordered from the north by Mediterranean Sea and from
south by the agricultural lands of northern Nile Delta. Burullus Wetland belongs
administratively to Kafr El-Sheikh Governorate. It lies in a central position between the two
branches of Nile: Damietta Branch to the east and Rosetta Branch to the west (Figure 5-58).
Burullus Wetland has declared as a Reserve with a total area of about 460 km2 under Law
102/1983 in May 1998, including the whole lake and the sandbar that lies between the
northern shores of the lake and Mediterranean coast for many reasons. The first is the high
value of the Lake as a breeding area for water birds, both on Egyptian and international
scales. In addition, Lake Burullus is a less disturbed wetland in Nile Delta, and is the second
largest lake. Moreover, the biodiversity of Lake Burullus is relatively high (more than 700
known species) including 9 endemic species and about 12 threatened species.
Moreover, a total of nearly 60 rare species were recorded in Burullus: 2 mammals, 24 birds, 2
reptiles and numerous flowering plants and phytoplankton. Rare and threatened habitat types
include the sand dunes and salt marshes of the sand bar and the islets (especially Al-Kawm
Al-Akhdar and Deshimi), which represent unique habitat types in the entire Mediterranean
coast of Egypt. Reed beds may not be unique for Burullus, but they are of vital importance for
resident and migrant birds as well as providing food and shelter for many species of fish.
The total number of waterbirds wintering in Lake Burullus and the adjacent marshes may well
exceed half a million (Meininger and Atta, 1994). The reed beds are home for the largest
populations in the Western Palearctic of the Little Bittern and the Purple Gallinule. The only
western Palearctic populations of Painted Snipe and Senegal Coucal are found in Egypt. The
world’s second largest known concentration of Ferruginous Duck is found in Lake Burullus.
The shoreline of Lake Burullus takes several forms related basically to its formation, origin and
evolution. It has an oblong shape extends for a distance of 47 km along NE-SW axis. The
width of the lake from north to south varies from site to the other. The western sector has the
least width which does not exceed 5 km, then its increases in the middle sector to reach an
average of 11 km.
Lake Burullus had lost about 49% of its size along 112 years (from 1092 km2 in 1801 to 556
km2 in 1913), and about 62.5% by 1997 (410 km2). It is a shallow lake with a depth varies
between 40 cm near the shores and 200 cm near the sea outlet (Boughaz El-Burullus) (Figure
5-59). The field studies using remote sensing indicated that the deepest parts lay in the middle
sector of the lake where the depth reaches 200 cm, and also the southern parts of the western
sector (west of Doshimi islet). The eastern sector is the shallowest, where the depth does not
exceed 20 cm near the shore, but increases westwards until it reaches about 70 cm.
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Figure 5-58
Map of Lake Burullus
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Figure 5-59
Size changes of Lake Burullus (1789 – 2007)
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The main basin of Lake Burullus is classified into three sectors: eastern, middle and western,
each one of them has some sort of homogeneity in the geomorphological, hydrological and
biological characteristics. The islets scattered in the lake form physical isolations between
these sectors.
The marine bar (i.e. sand bar) of Lake Burullus is the zone that separates the Mediterranean
coast in the north from the lake shore in the south. It covers an area of about 165 km2.
Although the surface of this bar is relatively flat, but it has different geomorphological features
that had been formed upon it as a result of the evolution and development of the
geomorphological processes (sand flats, sand dunes, sand hillocks, salt marshes, tidal flats
and sea outlet).
Some of these features were related to the sedimentation process such as sand flats, sand
dunes and sand hillocks; and some others were due to change of sea level like salt marshes
and tidal flats.
Many islets with different sizes are distributed in Lake Burullus. Due to the continuing the
effects of the geomorphological processes (e.g. sedimentation, erosion and water flooding),
the number, size, dimensions and locations of these islets change from time to time. They
move from their locations or merge together when become close to each other. The recent
number is 30 islets that take different shapes such as longitudinal (e.g. Dibar), circular or oval
(e.g. El-Zanka), triangular (e.g. Doshimi), arc shape (e.g. Shishet Al Agoza), curved (e.g. ElZoaya) and irregular (e.g. Absak).
The northern part of Nile Delta belongs to the Mediterranean arid region.
The climatic conditions are warm summer (20 to 30 °C) and mild winter (10 to 20 °C). The
aridity index (P/PET: where P is the annual precipitation and PET is the potential evapotranspiration) ranges between 0.03 and 0.2 at the north Delta (arid region), and less than 0.03
at the south (hyperarid region). In general, the distribution of the mean annual rainfall in this
region shows a maximum close to the Mediterranean coast (190.8 mm/year at Rosetta) and
then decreases rapidly toward the south. Most of the rain falls during winter ( 80%), and only
less 10% falls during spring.
Results of the annual water balance indicate that the drainage water contributes about 97 %
(3.9 billion m3), while rainfall contributes less than 2% (77.4 million m3) and groundwater less
than 1% of the total water resources in the lake ecosystem. On the other hand, evaporation
losses represent about 16% of the total water resources in the lake (646.7 million m3), while
the drainage system discharges, about 3.2 billion m3 to the sea through the lake (it represents,
in addition to the change of storage in the reservoir, about 84% of the total water resources in
this system).
Six major habitats are recognized in Burullus Wetland: salt marshes, sand formations, lake
cuts, drains, the lake and islets. Salt marshes extend along the marine bar of Lake Burullus
with an area approximates 40% of the total area of the bar (6% in the eastern part, and 34% in
the western part). Three types of sand formations cover the surface of the marine bar of lake
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Burullus: sheets (or flats), hillocks and dunes. Lake cuts represent the recent lands that
resulted after the drying process that took place along the shores of Lake Burullus, particularly
the outermost western and eastern fringes. The drains, as a major habitat, were classified into
four microhabitats (i.e. zones): terraces, slopes, water-edge and open water. The lake proper
is classified into two habitats: lake shore and open water.
A total of 197 species of vascular plants have been recorded from Burullus Wetland (100
annuals and 97 perennials) including 11 hydrophytes (the most common is Potamogeton
pectinatus) and one fern (Azolla ficliculoides).
The most common of all these species is the common reed Phragmites australis.
Some 226 algal species were recorded: 125 Bacillariophytes (Diatoms), 56 Chlorophytes, 39
Cyanophytes, 2 Euglenophytes, 2 Dinophytes, one cryptophyte, and one Rhodophyte.
The zooplankton community of the lake was estimated as 90 species distributed as follows:
26 species of Copepoda, 7 of Cladocera, 26 of Rotifera, and 10 of Protozoa constitute
collectively about 85% of the total zooplankton. The biotic community includes also 127
species of the terrestrial invertebrates, 25 species of fishes, 22 of reptiles, 112 of birds and 15
of mammals.
2. Water Properties
Water properties of Lake Burullus were evaluated during 2001 and 2004 in 15 stations
representing the eastern, middle and western sectors of the lake.
The estimated variables were classified into 4 main groups: physical and aggregate properties
(air temperature, water temperature, transparency, depth, salinity, chlorosity, acidity and
alkalinity), oxygen properties (dissolved oxygen, chemical and biological oxygen demands),
dissolved salts (phosphate, nitrate, nitrite and silicate) and heavy metals (cupper, iron,
cadmium, lead and zinc).
The PCA ordination of the 15 stations based on their water properties indicates a clear
separation between the stations of the eastern, middle and western sectors. The annual mean
of air and water temperatures were 22.9 and 22.3 °C, with spatial ranges among stations of
21.3-24.2 and 21.8-23.3 °C, and monthly ranges of 16.7-28.8 and 16.0- 29.4 °C. The annual
means of water transparency and water depth were 31.0 and 115.8 cm, with spatial ranges of
22.3-49.6 and 80.8-195.3 cm, and monthly ranges of 25.3-40.0 and 110-133.3 cm. The annual
mean of water salinity was 5.4 mS cm-1, with spatial range of 1.6-16.8 mS cm-1, and monthly
range of 3.9-6.7 mS cm-1. Chlorosity had the same trend of salinity with an annual mean of
1.9 g l-1, spatial range of 0.6-6.6 g l-1 and monthly range of 1.3-2.3 g l-1. Water in Lake
Burullus is alkaline throughout the year. The annual mean of pH was 8.6, with a spatial range
of 8.4-8.9 and a monthly range 8.0-9.2. On the other hand, the annual mean of alkalinity was
257.8 mg l-1, with a spatial range of 188.0-309.6 mg l-1 and monthly range of 213.7-279.6 mg
l-1.
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The annual mean of dissolved oxygen (DO), chemical (COD) and biological (BOD) oxygen
demands were 8.2, 23.95 and 6.0 mg l-1during 2004, respectively. The concentrations of
dissolved salts had the following sequence: SiO3 > NO3 > NO2 > PO4, with annual means of
112.2, 43.8, 10.5 and 9.05 gat. l-1.
The concentrations of heavy metals had the following sequence: Zn > Fe > Cu > Cd > Pb, with
annual means of 8.5, 6.2, 5.9, 3.8 and 3.6 g-at. l-1.
Generally, most of the estimated heavy metals of the water near to the southern shore were
higher than those near the northern shore. In addition, the trend of variation along east-west
axis was as follows: eastern sector > western sector > middle sector for all metals except Zn
(east > middle > west). The spatial ranges in g-at. l-1 were 3.5-17.2 (Zn), 1.9-13.7 (Fe), 2.68.8 (Cu), 1.6-8.4 (Cd) and 1.1-6.3 (Pb). On the other hand, the period extended from February
to May had the peak of heavy metals increase, while the period from June to September had
the reverse. The monthly ranges in g-at. l-1 were 4.3-12.7 (Zn), 0.7-13.2 (Fe), 3.6-11.5 (Cu),
1.7-6.6 (Cd) and 1.2-6.2 (Pb).
The comparison of the dissolved salts in the water of Lake Burullus in 2001, with those of 1987
and 1997 indicated an increase of nitrate, nitrite and phosphate from 1987 to 1997, but a
decrease in 2001. On the other hand, silicate had a decreasing pattern from 66.8 g-at. l -1 in
1987 to 47.3 g-at. l-1 in 1997 and 41.7 g-at. l-1 in 2001. Regarding the heavy metals, there
was a continuous increase in Cu, Zn, Pb and Cd contents from 1987 to 1997 and then to
2001. The correlation between salinity and chlorosity was significant positive. In addition, Cd
and Zn had significant positive correlation with each other, on one hand, and with the salinity
and chlorosity, on the other hand. This trend indicates that a considerable portion of the Cd
and Zn in the water of Lake Burullus is due to the sea water (the main source for increasing
water salinity in this lake). Phosphate, nitrate and nitrite, that used as fertilizers for the
agricultural land in the catchment area of Lake Burullus, were positively correlated with each
other (they are washed with the agricultural drainage into the lake). In addition Cu, Fe and Pb
had significant positive correlations with each other on one hand, and with the previously
mentioned dissolved salts on the other hand. This may indicate that the main source for
pollution with these heavy metals are the agricultural drainage.
3. Sediment Properties
The bottom sediments along the northern shores extending from the lake sea connection
westwards, are mainly clayey- and silty-sand with some patches of molluscan shells. The
eastern and western sites of the lake are silty-clay. The southern shore sediments, which
receive directly the drain discharge, are mainly formed of clay and silt with small areas
covered with molluscan shells. A significant reduction in sedimentation rates in Lake Burullus
happened after approximately 1960. The trend of the pre-1960 biostratigraphic dates suggests
that the first significant freshwater changes can be approximately dated to 1920.
The pre-1960 sedimentation rate was calculated to be 0.32 g cm-2 yr-1 (3.9 mm yr-1), which
was significantly higher than the post-1960 value of 0.075 g cm-2 yr-1 (2.1 mm yr-1).
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The annual mean of sediment salinity was 2.0 mS cm-1 with a spatial annual range of 0.6 - 6.4
mS cm-1. For both years of sampling (2000 and 2001), the salinity was higher in January (2.5
mS cm-1) than June (1.6 mS cm-1). The annual mean of chlorosity was 0.7 g l-1, with a spatial
range of 0.2 g l-1 - 2.1 g l-1. Temporally, chlorosity had the same trend of salinity where it was
higher in
January (0.8 g l -1) than June (0.7 g l-1 ) due to the inflow of sea water to the lake winter
months. The annual mean of pH was 7.8, with a range of 7.5 - 8.1. For both years of sampling,
the mean of pH was higher in January (7.9) than in June (7.7). Regarding the organic matter,
the annual mean was 2.8 %, with a spatial range of 0.8 - 5.6 %. In contrast with the properties,
the mean of organic matter was lower in January (2.6 %) than in June (2.9 %).
The concentration of heavy metals in the lake sediments had the following sequence: Fe > Zn
> Ni > Cu > Pb > Cd, with annual means of 16.2x103, 58.9, 34.0, 22.9, 18.6 and 5.3 ppm,
respectively. This trend is dissimilar to that of lake water (Zn > Fe > Cu > Cd > Pb). In addition,
the trend of variation along east-west axis was: western sector > eastern sector > middle
sector for all metals except Pb ( east > west > middle) and Ni (west > middle > east). The
spatial ranges in ppm were 2.7 x 103-35.1 x 103 (Fe), 22.2-119.7 (Zn), 3.3-72.5 (Ni), 8.9- 47.3
(Cu), 8.7- 54.8 (Pb) and 0.8- 45.9 (Cd). On the other hand, the sediments were characterized
by higher contents of heavy metals in January than in June except Cd. The January-June
ranges in ppm were 11.3 x 103-21.0 x 103 (Fe), 56.5-61.3 (Zn), 31.7-36.3 (Ni), 21.6-24.3 (Cu),
17.3-20.0 (Pb) and 2.7- 7.9(Cd).
4. Flora and Vegetation
Burullus Wetland includes 10 types of habitats (sand formations, salt marshes, lake cuts,
terraces, slopes, water edges and open waters of the drains, islets, shores and open waters of
the lake). Each one of these habitats has some unique species (species solely found in one
habitat). From the floristic biodiversity viewpoint, the most important habitats are the lake islets
(26 unique species), sand formations and salt marshes (12 species for each of them).
The total number of the vascular plant species recorded in Burullus Wetland was 197 species
(100 annuals and 97 perennials) belonging to 44 families and 139 genera. Twelve of these
species are floated and submerged hydrophytes contributing about 6% of the total species. On
the other hand, 34 species are woody plants contributing about 17.3 % of the total species (11
phanerophytes and 23 chamaephytes). Three species are endemic to Egypt (two annuals:
Sinapis arvensis subsp. allionii and Sonchus macrocarpus, and: one perennial: Zygophyllum
album var. album). Three other species are not found else where in Egypt except Nile Delta
(Ipomoea carnea, Vossia cuspidata and Ranunculus marginatus). On the other hand, thirtyfour species are rares allover Egypt (15 annuals and 19 perennials).
The application of Shannon diversity index, that evaluates the relative evenness of species
dominance, indicated that Lake Burullus, which has the second largest area after Lake
Manzala, had the highest species relative evenness of species, followed by Mariut, Manzala,
Bardawil and Edku Lakes.
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One hundred and forty one of the recorded species in Burullus Wetland (> 7.5 % of the total
species) have at least one aspect of economic uses such as grazing, fuel, medicine, human
food, timber and traditional industries. Ten species of them have at least 4 economic uses and
could be considered as noteworthy multipurpose species.
The vegetation in the Burullus Wetland is classified into 13 vegetation groups (i.e. plant
communities). Six groups are dominated or codominated with the common reed (Phragmites
australis); these groups occupy a wide gradient from xeric to hydric habitats. Other five groups
are dominated by halophytic species (Arthrocnemum macrostachyum, Suaeda vera,
Sarcocornia fruticosa, Halocnemum strobilaceum and Salsola kali). The remaining two groups
are dominated by the emergent Typha domingensis and submergant Potamogeton pectinatus.
From the floristic biodiversity viewpoint, we can conclude that the site of Burullus Wetland is
considered as one of the richest sites in Egypt, taking into account its relatively small area
(approximately 410 km2). For example its flora approximates 40% of the flora of the whole Nile
Delta region that has an area of about 22,000 km2, and exceeds those of many of the Egyptian
nature reserves such as Nabq (600 km2: 134 species) and Wadi Al-Allaqui (20,000 km2: 92
species).
Globally Common reed (Phragmites australis) is believed to be the most widely distributed of
all angiosperms. It is a perennial reed with broad and flat leaf blades and large terminal
panicles. It reproduces from vegetative propagules and has a vigorous, branched rhizome
system that runs quickly to new areas in either the submerged or dry lands. This plant
threatens man’s waterways, pastures and arable fields, but it can be a helpful companion. It
provides shelter, material for thatching, food for animals, chemicals, fuel, fertilizer, biofilter, and
raw material for paper making industry.
The trends of the estimation of standing crop phytomass (gm dry matter/m2 ) of the above
rhizome and above water shoots of this plant in Lake Burullus indicated higher values at the
end of the season (in October), and at the east and south sides of the Lake comparing with the
west and north sides. The analysis of Landsat TM images (1988 and 2008) indicated that the
area of the Lake had decreased from 111608 feddan (=46876 ha) in 1988 to 100000 feddan
(=42000 ha) in 1998 (reductions rate = 10.4 %). In the meantime, the area occupied by
common reed had decreased from 24800 feddan (=10416 ha) to 16600 feddan (=6972 ha)
which represents 16.6 % of the total area of the Lake (reduction rate = 33.1 %). The estimated
maximum standing crop phytomass in the Lake as whole was 239040 ton dry matter: 170980
ton represents the above water standing crop, and 68060 ton represents the submerged
portion.
5. Phytoplankton and Epiphytic Algae
The phytoplankton community of Lake Burullus is considered rich, both in density and species
richness, but most of the species are fresh or brackish water forms. From the survey of the
literature on phytoplankton assemblages of Lake Burullus, there is a large variation among the
researchers in the species composition and density depending on the surveyed station, water
depth, sampling season, water quality, environmental condition and water pollution of the lake.
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The summing up of all the recorded species in these studies in one checklist indicate the
presence of 276 algal species distributed among the algal groups as follows: 142 species of
Bacillariophyta (51.8 %), 73 species of Chlorophyta (26.0 %), 51 species of Cyanophyta (18.6
%) and 10 species of other groups (3.6 %). Bacillariophytes (i.e. diatoms) represented the
major bulk of the phytoplankton biomass (69.0% of its total biomass), although it ranked
numerically as the second important group (31.1% of the total phytoplankton counts). On the
other hand, Chlorophytes came in the second order in case of the biomass (16.2%), but in the
first order regarding the density (58.9% of the total counts). Cyanophytes contributed 14.8% of
the total biomass and 8.8% of the total counts. The other groups had a minor contribution. The
highest phytoplankton biomass was recorded in the western sector of the lake and the lowest
in the eastern sector.
The monthly fluctuations of the total phytoplankton biomass indicated that the maximum
biomass was attained in early autumn (September) in the eastern and middle sectors.
Relatively high values were also recorded during winter (February) in the eastern sector and
spring (March) in the Middle sector.
On the other hand, the highest biomass in the western sector was recorded during summer
(June), beside smaller peaks in September and December. The temporal trends of the three
major algal groups are quite similar.
Regarding the phytoplankton production, Lake Burullus tends to mesotrophy. This may be
attributed to the decreased amount of drain water flowing into the lake, and the increased
density of the submerged hydrophytes, particularly Potamogeton pectinatus.
The estimation of epiphytic algal communities growing on the hydrophytes in the Egyptian
lakes is of prime importance in assessing their organic production. In Lake Burullus,
Potamogeton pectinatus constituted about 85% of the total biomass of the submerged plants.
The previous studies indicated the presence of 45 epiphytic species growing on this
hydrophyte, most of them are limnetic forms, but can survive both planktonic and attached
situations. These species are distributed among algal groups as follows: 27 Bacillariophytes
(diatoms), 15 Chlorophytes, 12 Cyanophytes and 1 Rhodophyte.
6. Bacteria and Fungi
The studies on the aquatic bacteria and fungi in Lake Burullus are limited. The distribution of
some groups of actinomycetes in Lake Burullus was investigated seasonally during the year
2003. The diversity and counts of Streptomycetaceae, Actinoplanaceae and Nocardiopsaceae
varied with the seasonal variation. Streptomycetaceae was the dominant group. The
distribution of these groups was affected by some environmental factors such as temperature,
organic matter and sediment nature. The diversity of zoosporic fungi from the surface water of
four Egyptian lakes: Burullus and Manzala in the north, Qaron in the mid and Nasser in the
south was studied in 2004. 36 species in addition to 4 unidentified species and only one
variety belonging to 11 genera of zoosporic fungi were identified. Lake Burullus was the
second most diverse lake (after Manzala), where 14 identified species, in addition to 3
unidentified species and one variety, were recorded.
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7. Zooplankton
Lake Burullus has become more eutrophic and productive ecosystem during the last decade,
due to the increasing amount of discharged drainage water, loaded with nutrients into the lake
via the southern drains. At the same time, diversity of zooplankton species was sharply
decreased, due to disappearance of marine species as a result of salinity decreasing and
increasing of organic pollution.
During 2001/02, 48 zooplankton species belonging to 3 main groups (34 Rotifera, 7 Copepoda
and 7 Cladocera) were recorded in Lake Burullus. There was no sign of the occurrence of all
marine species (13 species) which have been previously recorded during the seventies of the
last century. 18 zooplankton species (freshwater in origin) were recorded for the first time in
the Lake during a recent survey in 2003/04. During this survey, 75 species of zooplankton
were identified from the Lake; 39 rotiferan species, 15 copepods, 9 cladocerans, 8 protozoans
and 4 meroplankton species.
Some marine species [(Oithona nana. Paracalanus parvus, Euterpina acutifrons, Harpacticus
sp. and Macrosrtella gracillis (Copepoda) and Eutintinnus lusus-undae, Metacylis
mediterrnean (Protozoa)] started to re-occur in the lake at the area near El-Boughaz,
particularly during spring 2004. This was mainly due to the construction of two radial canals
and clearing of El-Boughaz canal.
In general, the population density of zooplankton was obviously high in the western sector
compared with the middle and eastern sectors. Regarding seasonal variation, there was a
gradual increase in zooplankton standing crop from a minimum of 437,000 ind. m-3 in summer
until reaching a maximum of 1,174,000 ind. m-3 in spring 2002, with an annual average of
667,000 ind. m-3. The present standing crop of zooplankton is 6 times higher as compared with
the situation in the seventies.
Rotifera is the most abundant group in all seasons and areas of the Lake, comprising 66.3%
and 76.7% of total zooplankton in 2001/02 and 2003/04; while in 1978 and 1987/88 it was
forming only 17% and 15.5 % of the total zooplankton, respectively. Copepoda was the
second abundant group, forming 28.5 % of the total zooplankton density during 2001/02 and
occupied the third position, contributing 9.2% of the total zooplankton crops in 2003/04.
Gut content analysis of adult fishes inhabiting lake Burullus revealed that Tilapia and mullets
mainly feed on Keratella quadrata (zooplankton) and Cyclotella sp. (phytoplankton), so mass
culture of these two species are highly recommended when establishing fish hatchery for the
lake.
8. Macrobenthos
Thirty three macrobenthic species, belonging to three main groups (Arthropoda, Annelida and
Mollusca) were recorded in the Lake. There was no sign of occurrence of 8 marine species,
which have been previously recorded in the Lake during the seventies and eighties of the last
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century. On the other hand, 17 species (freshwater in origin) were recorded for the first time in
Lake Burullus during the last decade.
9. Fishes and Fisheries
The occurrence of brackish and saline waters in Lake Burullus during seventies and early
eighties of the last century has resulted in a large variety of fish species inhabiting the Lake;
approximately 32 species were recorded in the Lake during these periods. Decreasing of
salinity and dominating of drainage water in the lake during the last two decades has led to
change in species composition and biodiversity of fishes and other organisms. The field survey
during the last decade showed that the diversity of fishes in Lake Burullus has declined from
32 to 25 species. All the species which have disappeared are of marine affinity. On the other
hand, the total production of the lake has increased gradually from 7349 ton in 1963 to its
maximum of 59000 ton in 2002. In the course of these forty years, a sharp decline in the total
yield was recorded, especially in the middle of seventies, where the production declined to
4556 and 4875 ton in 1973 and 1974, respectively. Higher yields were regained in 1976 (6573
ton).
As far as the main groups of fishes are concerned, a gradual decrease in the mullet catch was
recorded from about 44.7% in 1963 to 17% in 2000 of the total catch. This was accompanied
by an increase of tilapia production from 42.8% in 1963 to 72% in 1992, and then decreased to
about 67.8% in 2003. The shift was more pronounced during the eighties of the last century.
On the other hand, the annual production of certain freshwater fish species has gradually
increased, especially during the last five years. This relates to two species; Clarias gariepinus
and Bagrus bajad, where their production increased from 188 and 220 ton in 1963 to 2150 and
744 ton in 2003, respectively. The production of marine fishes, such as Johnius hololepidotus
and Dicenlrarchus labrax was greatly decreased. All these changes confirm an increased
predominance of freshwater components in the fish stock of the lake, reflecting the changes
that the lake underwent in the water supply, mostly from drains, and reducing chlorosity of
water, especially in the eastern part of the lake in association with the huge drains newly
constructed at that area.
Cichlids are represented in Lake Burullus by four main species which are Tilapia zillii,
Sarotherodon galilaeus, Oreochromis niloticus and O. aureus.
Besides, there are two species of cichlids, namely Hemichromis bimaculatus and
Haplochromis bloyeti but these are of little economic importance due to their small sizes. It
was found that Oreochromis niloticus was the most abundant species in the 2014 catch,
constituting more than 40.5 % of the total catch, followed by Oreochromis aureus (34.7 %),
while Sarotherodon galilaeus was the least frequent species contributing 24.8 %. In the
eastern sector, Oreochromis aureus is the most commonly distributed one (38.5 %) followed
by Sarotherodon galilaeus (31.5 %), then Oreochromis niloticus (30.1 %). In the middle and
western sector, Oreochromis niloticus is the major one with 39.8% and 53.6 %, respectively.
Oreochromis aureus represents 35.7 and 28.9 %, whereas Sarotherodon galilaeus is the
minorly distributed with 24.5 and 17.5 % in the two sectors, respectively.
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On the other hand, five species of mullets are present in Lake Burullus namely: Mugil
cephalus, Liza ramada, Liza aurata, Liza saliens and Chelon labrosus. Liza ramada is the
most dominant species of the mullet catch throughout the year. Its accessibility in the nets
operating in the lake greatly increases during November and December, when the fish is
sexually ripe. M. cephalus production ranks next to that of L. ramada. Its maximum yield is
attained during summer, representing maturation period. The fishery of Liza saliens whose
production comes next to that of M. cephalus extends from late spring to the beginning of
autumn. The maximum fishing of this species is recorded in September, during which the fish
leaves the area of the lake-sea connection, where it is localized and migrates to the sea.
According to the statistical data, the number of fishermen has increased from about 9000 men
in 1963 to about 21660 men in 1993, then to about 28,000 in 2002. The number of boats has
increased from 2438 boats in 1963 to about 7277 in 1993 to 10489 boats in 2010. The annual
catch per fisherman has been nearly doubled from about 0.8 ton in 1963 to about 2.0 ton in
1993, and then decreased to about 0.9 ton in 2010. Likewise, the catch per boat has been
doubled from about 3 ton in 1963 to about 6 ton in 1993, and then decreased to about 5.3 ton
in 2010. Statistical analysis of production functions revealed that the total catch of the lake is
positively correlated with the total number of boats and fishermen. This interdependence,
between catch and fishing effort, is largely responsible for the variations in fish yields from
year to year.
10. Arachnida and Insecta
Only 23 spiders and scorpions, belonging to 4 orders were recorded in Burullus Wetland
during a short period study. Twenty spider species (Order Araneida), representing 9 families
were recorded. Only one specimen of false scorpions (Order Pseudoscorpionida ) belongs to
family Olpiidae was collected.
In addition, seven specimens of one species of scorpions (Order Scorpionida) Androctonus
amoreuxi (family Buthidae) were collected, and also only one specimen of camel spiders
(Order Solpugida) belongs to family Daesiidae was collected from Al-Kawm Al-Akhdar Islet.
On the other hand, 95 species belonging to 59 families and 16 orders were identified . No
doubt, these data underestimate the insect fauna of the region due to the short period of this
study (only 2 months). So, it is recommended to carry out an intensive and extensive study,
based on monthly intervals, for a period of at least two continuous years, to get a real picture
about the insect diversity of this region.
11. Herpetofauna
Twenty three species of reptiles and amphibians have been reported from Burullus Protected
Area, consisting of nine lizards, six snakes, two marine turtles and five amphibians . The
herpetofauna is abundant and moderately diverse. The number of amphibian species and their
relative abundance is notably high (five out of eight Egyptian amphibians), reflecting the
availability of freshwater wetland habitats. The most common species are Bosc’s Fringe-Toed
Lizard Acanthodactylus boskianus, Egyptian Toad Bufo regularis and Mascarene Frog
_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 216 of 305

Ptychadena mascareniensis. The recently described Nile Valley Toad Bufo kassasii is an
Egyptian endemic, found in localized, but dense populations in suitable freshwater swamps
along the southern margins of the Protected Area. The species is thus far only known from
Nile Valley in Egypt. It is not under any immediate threat, and is expanding its range in Egypt.
Two globally threatened reptile species have been recorded in Burullus Protected Area;
Loggerhead turtle Caretta caretta (Endangered) and Green turtle Chelonia mydas
(Endangered). The Javelin Sand Boa Eryx jaculus is the most threatened species at the local
level.
12. Birds
The bird surveys in Lake Burullus indicated the presence of 112 species and subspecies,
which constitute about 22% of the total Egyptian avifauna.
During four winter surveys (1978, 1979, 1989, 1994), there was a remarkable increase in
species richness associated with a sharp decrease in the density of some populations. The
sharp density decreasing was quite clear in case of Coot, Shoveler, Black headed gull,
Pochard and Ferruginus Duck. On the other hand, some other populations such as Kingfish
Plover, Little Stint and Pied Kingfisher had an obvious increasing density.
Of the 112 birds recorded in Lake Burullus, 46 are residents, 80 are winter visitors, 23 are
spring visitors and 72 are both summer and autumn passers. The collection of information
about the national and world distributions of these birds indicated the possibility of occurrence
of 8 endemic species and subspecies, which represent about 47% of the total endemic
avifauna in Egypt.
Waterfowls are still being hunted all over the Egyptian wetlands, particularly Lake Burullus.
This includes two types of hunting, commercial and sport hunting, both are practiced mainly
during winter season where there is an abundance of wintering birds. The capturing of birds of
prey, which practiced in the protected area, is the most destructive and less economically
justifiable bird catching activity.
Many management practices are suggested to conserve the bird populations in Lake Burullus
such as law enforcement in the protected area, carrying out public awareness programs about
the importance of wildlife conservation in general, and that of avifauna in particular, encourage
the activity of bird watching via ecotourism, preventing of habitat destruction or modification,
establishing a program for protecting the threatened bird species and encourage the local
organizations and NGO's to participate in the management of the protected area.
13. Mammals
A total of eighteen mammalian species, representing eleven families belonging to four orders,
were recorded from Burullus Wetland. Rodents form the largest mammalian group of the area,
being represented by seven species (about one third of the total recorded species). Carnivores
come next with five species.
Insectivores and chiropterans were represented by only three species each.
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Flower’s Shrew Crocidura floweri is the only endemic mammal species known from Burullus
Protected Area. The species is confined to the Egyptian Nile Valley, where it is very rare. The
species was previously recorded from Wadi El Natrun in 1985. The only known record from
Burullus area (Baltim) was from the 1930’s. The Giant Musk Shrew Crocidura flavescens is the
second rarest mammal in the Protected Area, where it is scarce. Three rodents are widely
considered as pests because of the damage they cause to crops, these are: Black Rat Rattus
rattus, Brown Rate Rattus norvegicus and House Mouse Mus musculus.
There are no globally endangered mammalian species recorded in Burullus Protected Area. In
addition to the endemic Flower’s Shrew Crocidura floweri, the Jackal Canis aureus and Jungle
Cat Felis chaus are locally threatened large carnivores.
14. Socioeconomic features
Lake Burullus is located within five districts of the Governorate (from east to west: Baltim, El
Hamoul, El-Riad, Sidi Salem and Metobes), with a total population of 965220 individuals
(2000). Baltim district has the largest population around the Lake, mostly concentrated in
Baltim city. The exact population number residing inside the Protected Area and their
distribution is not yet known.
Fishing is the leading economic activity in the Protectorate and in Lake Burullus at large. Fish
production from the Lake increased over the past two decades from just 7273 tons in 1982 to
53000 ton in 1996. It remains high with 55000 and 52000 ton in 1999 and 2000, respectively.
Agriculture is the second most important economic activity in Burullus Wetland. There are
about 19000 Feddan under cultivation within the limits of the Protectorate. Agricultural activity
in land close to the Lake shores is rather limited because of poor soil and high soil salinity.
However, land reclamation efforts continue to be made on the western side of the inlet
(Boughaz) where the soil is predominantly sandy. Agriculture in this area is mostly rain-fed. On
the eastern side of the inlet, the area near Baltim is intensively cultivated (irrigated), mainly
with date palms and guava. Other crops include tomatoes, grapes, clover, cabbage,
cauliflower, watermelons, broad beans, wheat, rice, and maize. In 1956, El-Hamoul Land
Reclamation Project was initiated in the southern and southeastern regions of the Lake.
However, land in this area is not easy to reclaim. In July 2000, the total area of farmlands in
the 5 districts with parts inside the Protected Area was 292419 Feddan, of which about 19000
Feddan fell within the limits of the Protected Area.
Villagers inside the Protected Area breed buffaloes, cows, sheep and goats. The per capita
net income of livestock seems to be relatively low. This can be attributed to the limited
numbers of heads maintained by each family and the low productivity of the varieties involved.
Inhabitants of the Burullus area regularly harvest Phragmites australis reeds as fodder for their
livestock primarily utilizing the green shoots. Mature reeds are harvested and sold for LE 0.20–
0.60 per bundle for a variety of uses, including mat making, wind breaks, as building material,
fishing nets and bird catching.
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Bird catching is a widespread activity in Burullus Wetland, and is largely concentrated in
autumn (Quail catching) and winter (waterbird catching).
Although all forms of hunting are now illegal after the declaration of Burullus as a protected
area, it still continues. Quail catching is a traditional activity along the entire Egyptian
Mediterranean coast, including Burullus. A variety of nets and traps, are used to catch Quail
and other small birds during the autumn season. This activity is carried out largely on the sand
bar. In winter catching targets waterbirds, which are caught using large nets or shotguns. The
catch is usually transported to large towns and cities, such as Rosetta and even Alexandria
where the birds fetch higher prices.
A modest tourist industry has existed for a long time in the Burullus area.
It is based almost exclusively on Egyptian tourists attracted from the Nile Delta and Cairo
during the summer months of June to mid-September. Most of this activity is concentrated in
the seaside resort of Baltim. There are only about 164 hotel rooms in the entire Kafr El-Sheikh
Governorate. Most of the summer holiday makers in Baltim stay in temporary rentals of chalets
and apartments or in privately owned residences, which do not show in official statistics.
Despite the diverse natural and cultural heritage of the region, the international tourism
potential of the Burullus Wetland, and the Delta as a whole, has not been tapped.
This is mostly due to the lack of awareness of the value of these resources and their potential
to attract specialized tours.
Burullus Protected Area could have a good prospect as a specialized ecotourism attraction,
particularly birdwatching. However, the lack of suitable facilities, and the presence of extensive
bird catching activities during the primary birdwatching seasons (autumn and winter) are all
important obstacles for the Protected Area’s development as an international birdwatching
attraction.
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5.8

LAND USE AND LANDSCAPE CHARACTER

5.8.1

Land Use Identification

A field study has been aimed to record the current development activities in the study area and
collect samples of the different natural and anthropogenic environmental features that
occurred during last decades due to human activities. The GPS was used also during the
verification of the produced land-use/land-cover maps.
A field trip have been conducted during July 2015 for ground truthing of the satellite image
processing and collect the field observations, regarding most recent human developments
activities and document the findings (Figure 5-60).
The main output of this mission was to monitor observations and samples of the different
natural and anthropogenic environmental features that occurred in the study wider area due to
human activities and environmental changes such as sand dunes movements and to
photographically document them. This help to determine the main changes putting in
consideration the updating of land use and to expect the environmental risk.
The study focused on the using of multi temporal satellite images dated in 1990, 2003 and
2015 to monitor and assess the historical land use / land cover feature and changes.
Moreover, the field work had a value add and update the results of the used processed images
in the study.
Aims of the Study
The main purpose of this study is to monitorandhelp in building baselineinformation that is
required for the implementingof power station Project. Land use / Land cover map are also
produced in this studyinclude all the natural and man-made features recorded and monitored
in the surrounded area of the investigated site.
Study Area
Study area is located along the Mediterranean coast in the north part of Nile Delta. It is
bordered from the north by Mediterranean Sea and from south by the Burullus Lake followed
by agricultural lands of north Nile Delta. Study area belongs to Burullus Wetland ofto Kafr eshSheikh Governorate, which lies in a central position between the two branches of Nile:
Damietta to the east and Rosetta to the west. Lake Burullushas numerous islets insides it, as
well as the sand bar separating the lake from the Mediterranean Sea.
Geologically the study area located within Nile delta, which built by River Nile of relatively
recent geological age. A paleo-Nile started to advance across a marine embayment in the Late
Pliocene, and developed especially in the Pleistocene through major sea-level changes
associated with glacial periods. During low sea-level stands, large quantities of sand and mud
were transported and dispersed far into the eastern Mediterranean, forming a large submarine
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fan (Sestini 1991). Considerable long term subsidence of the coastal zone is indicated by the
10-80 m thick layer of post 8000 BP near shore marine, lagoonal and deltaic sediments, with
average rates of deposition as much as 5 mm yr-1 in the NE part of the Nile Delta, and 4 mm
yr-1 in the central part (Coutellier& Stanley 1987).
5.8.2

Materials and Methodology

Data acquisition
In order to present a reasonable evaluation of the land use/ land cover maps and their using in
the determination of ecological characteristics of the study area, the following data were
collected:
Topography, A topographic maps of a scale 1: 100,000
Landsat TM image year 1990
ETM Landsat Image year 2003
Landsat LS8, 2015
The above data have been processed and various geo-spatial data has been determined
automated into various GIS data sets. These data sets include
GIS layers
Spot height
Contours of elevations
The shoreline
Road networks
A Digital Elevation Model (DEM)
The hardcopy, the provided digital data and the automated GIS layers have been used to
understand and present the baseline information about the site of Power station Project and to
conduct a preliminary assessment of both the natural hazards that might affect the planned
installations and the impact on the surrounding environment.
Satellite data required accomplishing the objectives of remote sensing activities and
consequently achieving the current work objectives surveyed from archived scenes. The
Landsat image 1990, 2003and 2015 that cover the study area were collected for the purpose
of establishing a comprehensive GIS database.
In order to prepare the land use land cover map with proper scale, various maps, satellite
images, ground observations, and related ancillary data have been compiled and processed in
different ways. These data have been systematically used to prepare the necessary layers to
constitute an appropriate geographical information system (GIS) for the study area covering
the coast of the northern Burullus Lake. These data were integrated to establish a digital data
base which could be useful for site selections, planning and management of development
projects in the area.
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Figure 5-60
Map Shows the Study Area
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As indicated, data available to and from this project are seen as primary for the coastal zone
management plans, as well as it can also be used as the basis for monitoring human-induced
and natural environmental change for the study area. The data available that are used in this
study in additional to climatic data can be grouped in four main types: (1) Geo environmental
maps, (2) Satellite data, and (3) Topographic maps, all of these materials are discussed in the
following sections:
Satellite Data
As Multi temporal satellite images have ground resolution of about 15-30 meters, and seven
spectral bands cover the visible, near infrared and thermal bands of the electromagnetic
spectrum, it will be used for the production of satellite image scales 1:100,000. Survey is
carried out for the available Landsat scenes that cover the northern part of the Lake Burullus
coastal zone, with three dates 1990, 2003 and 2015 Table 5-41. The following tables describe
the specification and the application of Landsat data.
Table 5-41
Specification and the Application of Landsat TM Data

Band

Wavelength

Nominal
Spectral
Location

Resolution
(m)

1

0.45-0.52

30

Blue

2

0.52-0.6

30

Green

3

0.63-0.69

30

Red

4

0.76-0.9

30

Near IR

5

1.55-1.75

30

Mid IR

6

10.4-12.5

120

Thermal IR

7

2.08-2.35

30

Mid IR

Principal Applications
Designed for water body penetration,
making it useful for costal water mapping.
Also useful for soil/vegetation discrimination,
forest type mapping, and cultural feature
identification.
Designed to measure green reflectance
peak of vegetation also useful for cultural
feature identification.
Designed to sense in a chlorophyll
absorption region also useful for culture
feature identification.
Useful for determining vegetation types,
vigor, and biomass content, for delineating
water bodies, and for soil moisture
discrimination.
Indicate of vegetation moisture content and
soil moisture. Also useful for differentiation
of snow from clouds.
Useful in vegetation stress analysis, soil
moisture discrimination, and thermal
mapping applications.
Useful for discrimination of mineral and rock
types. Also sensitive to vegetation moisture
content.
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Table 5-42
Specification and the Application of Landsat 8 Data
Band Number

µm

Resolution

1

0.433–0.453

30 m

2

0.450–0.515

30 m

3

0.525–0.600

30 m

4

0.630–0.680

30 m

5

0.845–0.885

30 m

6

1.560–1.660

30 m

7

2.100–2.300

30 m

8

0.500–0.680

15 m

9

1.360–1.390

30 m

10

10.6-11.2

100 m

11

11.5-12.5

100 m

In the present work, Landsat imagery data covering the coastal area of the study area have
been digitally processed, analysed and interpreted to produce a land-use/land-cover map at a
scale of 1: 100.000. The main classes of recognized land use (activities) and land cover
(resources) at this scale will studied. This is based mainly on the multilevel land-use/landcover classification system for use with remote sensor data adopted by the U.S. Geological
survey (Anderson et al., 1976).The produced Landsat classification mapclearly displays the
major classes of land-use and land-cover in the coastal area of the northern shoreline of Kafr
esh-Sheikh.
Topographic Maps:
The topographic sheets scale 1:100.000 of the new system, issued by the Military Survey
Department. Topographic maps are scanned with resolution of 250 DPI as a preparation
phase of the digitizing process. Digitizing process will be carried out to extract geomorphic
features in general, and specifically, shoreline, spot heights, drainage, sabkha, urban,
agricultural areas, roads and canals, (Figure 5-61).
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Figure 5-61
Topographic Map of the Study Area
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Field work
The main goal of this mission is to collect observations and samples of the different natural
and anthropogenic environmental features that occurred along the coastal area due to the
natural changes and to photographically document them. This helped to determine the main
coastal land use land cover, geomorphologicunits to put in consideration to reduce the
environmental risk. The program of this field study planned to cover the study area coastal
zone ofKafr esh-Sheikh city.
The field work Includes:
Ground truthing of the prepared maps of different types, geomorphologic map,
topography and hazards maps.
Checking up and photographing of the different geomorphologic features.
Recording the current development activities along the southern coastal plain of
Mediterranean sea.
Monitoring the human activities that planned and constructed in Hazards areas along
the coastal plain.
Ground truth for the evaluated results of image unsupervised classifications.
Methodology of the fieldwork:
Visiting representative locations for ideal geomorphologic features, main wadis outlets,
and coastal plains, lake waterbody and topology.
Determining the coordination of the visited sites by GPS
These site have been plotted on Landsat series Images
Recording the different features by field photographs to prepare different panoramic
views reflecting the geomorphologicfeatures.
Field Data:
A field study has been conducted to record the current development activities along the
Southcoastal plain of Mediterranean sea and collect samples of the different natural and
anthropogenic environmental features that occurred along the coast due to the coastal
changes. The GPS was used also during the verification of the produced land-use/land-cover
maps.
Ground truth
Field trips have been conducted for ground truthing for collection of field observations,
regarding most recent human developments activities and document the findings.
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Figure 5-62
Photographs of the Main Components of the Study Area
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Figure 5-62 (Contd.)
Photographs of the Main Components of the Study Area
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Image Processing
The satellite system, known as the earth resource technology Satellite, was initially designed
as an experimental in order to assess the feasibility of collecting earth resource data from
unmanned satellites. Multidates Satellite Images of years 1990, 2003 and 2015 are used to
monitor the characteristic of both water and land; these images are subjected to many
processes, Figure 5-63. Much of the information used for in this study was acquired from
topographic charts, satellite images, geologic map, related studies and field surveys.
Information has also been taken from technical literature, reports, unpublished documents and
other sources (e.g. the Internet). The ability to analyze and update land use / land cover maps
unites is essential to coastal planning, management and environmental conservation. This has
been facilitated by the use of different thematic maps linked by a Geographical Information
System (GIS).
Satellite Images data are purchased after examining the quick-looks and the cloud cover and
quality characteristic determined when the image was archived. Imagery is usually selected in
the basis of low cloud cover. This guarantee of quality, however, means that a certain amount
of missing or bad data within the imagery is considered acceptable. During the automatic
registration procedures, described later, it became obvious that there was a problem with the
data and, on careful examination; it was found that there was both missing and duplicated data
in the imagery. The location of the missing and bad data was determined by discontinuities in
the correlation field in an intensified version of the automatic registration procedure. Missing
data scans were interpolated across and duplicated scans dropped from the image using the
registration locations.
Two main process are carried out, manipulation and interpretation. The first one is include Preprocessing, Image enhancement and Image classification. Geo-referencing, Geometric
correction and radiometric correction are the main processes for Image processing, (Figure 564). To enhance the image for increasing the resolution of image components, edge
enhancement processes is carried out. Neighborhood based operation is one of the important
processes to improve the images feature particular shoreline edges.
Image Matching – Registration
The problem with using imagery from different dates, or from different sensors, is that, in order
to be useful, they have to be registered to a common coordinate system. This coordinate
system can be one of the images or can be a map projection. Any conversion to another
coordinate system not only implies a loss in radiometric accuracy through resampling, but is
extremely time consuming and error prone. Usually it is done through the manual identification
of ground control points of the same object in both coordinate systems. Control point
identification is difficult, the difficulty increasing with decreasing spatial resolution, and time
consuming as it requires a matrix of a sufficient number of suitably spaced control points.
Following the ground control point selection procedure, the control points are fitted to a
polynomial which describes the distortions between the two coordinate systems. Control points
which have large errors with respect to the polynomial are described, and a new fit is carried
out. This procedure is repeated until an acceptable error is reached. After the polynomial is
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defined, it is used to transform the image into the desired coordinate system. In order to
reduce the time taken, remove subjective human intervention, whilst achieving the highest
accuracies, an automatic procedure has been developed.
The objective of this procedure is to automatically register the imagery to a sub pixel level of
accuracy. It is assumed that gross distortions, rotations, and scale changes will not be
encountered. The registration is carried out on the shapes of significant objects in the imagery.
Both the reference image, which supplies the reference coordinate system, and the image to
be warped, is first subjected to an edge detection technique in order to define the significant
boundaries in this scene.
Matching between scenes is carried out using local correlations, in the frequency domain. The
matching algorithm has to be area based because the confidence and precision increase with
the number of samples. When matching, there is essentially an array of reference and image
pixels which are correlated to each other. If this is done in the frequency domain, the result is
an array, equal in size to the input arrays, where the contents of each element correspond to
the correlation of the two images. An array results because it is as if the image to be warped is
passed over the reference image, shifted a pixel at a time, and the correlation computed at
each location, Gives the necessary x and y shift to give the best fit.
The number of samples (sub-image size or size of support) is restricted by the scale of
distortions in the imagery. If the support region is to large then the distortions in the imagery
smaller than the support size will not be resolved and which will increase the error in the sub
pixel location determined from the correlation if the support is small, and the distortions are
relatively large, poor and inaccurate correlations will result as few, if any pixels will correspond.
A search strategy is therefore implemented where large sub-images are first matched to give
an initial approximation, and the results from these used to shift subsequent related subimages of smaller size. These in turn are used to guide even smaller sub-image matches and
the process repeated until the finest level has been reached. The result of the search strategy
is, therefore a matrix of control points whose relationship between the images has been
determined.
With manual control point selection, twenty to thirty carefully distributed points would be
considered the norm for the images under consideration. The automated procedure just
described produced over 1600 points in an almost complete matrix distribution describing a
polynomial to within 0.5 pixel RMS. An even finer matrix of points would be possible, but was
considered unnecessary.
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Figure 5-63
Multi Dates Satellite Images of Years 1990, 2003 and
2015 of the South Coast of the Mediterranean Sea
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Data Merging
The merging of multi-sensor image data is becoming a widely used procedure because of the
complementary nature of many data sets. Among the techniques for combining digital data,
color display transformations such as Intensity-Hue-Saturation (HIS) can be used to produce
more effective and controlled visual presentations of the data for both qualitative and
quantitative image analysis (Chavez et al., 1991).
Merging information from different imaging sensors involves two distinct steps. First, the digital
images from both sensors are geometrically registered to one another. Next, the spectral and
spatial information contents are mixed to generate a single data set by using various
transformations such as Intensity-Hue-Saturation (HIS) transformation (Carper et al., 1990)
Image Enhancement
The principal objective of enhancement techniques is to process a given image so that the
results are more suitable than the original for a specific application, more effective for display
for subsequent visual interpretation, and for more information to be extracted. That means
modification of a subjective feature of the image to emphasize certain information and to
improve the detectable of the target of interest by amplifying the slight differences to make
them readily observable. For instance, stretching technique is usually used to enhance specific
broadband features in the image, like water, desert, agriculture, and urbanization. A high pass
filter technique may be used to discriminate between the different features in the image. In this
study, Landsat mosaicked image covering the southern Mediterranean coastal area of in
Egypt is enhanced by using high pass filter technique to enhance the geomorphologic features
and also, land use activities. Geo-referencing has been applied to the image for overlaying the
structural features extracted from the satellite image, aerial photographs and topographic
maps. UTM projection has been used for consistency purposes with other extracted line
feature data.
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Figure 5-64
Unsupervised Classification Images Dated in Years 1990, 2003
and 2015 of the Study Area
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Classification
The classification process is described as the identification of the pattern associated with each
pixel position in an image in terms of characteristics of the objects or materials at the
corresponding point on the Earth’s surface (Mather, 1987). The large area covered, range of
cover types and paucity of ground data of TM series required the use of the classification
method based on an interactive ISODATA (iterative self-organizing data algorithm) approach
(ERDAS, 1991). The ISODATA algorithm attempts to cluster the spectral (feature) space into a
number of groups specified by the user. From an examination of the image data along with
available ancillary data, both spectral and spatial, 30 clusters were separated initially.
Statistics from the clustering were than used as input to the maximum Likelihood classifier.
With this classifier, it is assumed that the statistics of each class in each band are normally
distributed and that given pixel belongs to the class in which it has the highest probability
(based on this distribution) of occurring. The results from the classification were than
interpreted with supporting data from topographic maps, local knowledge and the spectral and
temporal properties of the classes themselves, (Figure 5-65). Classes which were obviously
too big or covered many cover types were further divided by clustering again reinterpreted.
Supervised Classification Images
Using the spatial variability of the spectral responses, pattern of various objects in the four
remotely sensing images, and the priori knowledge about various landforms and human
activities, a set of training sites were determined and entered to ERDAS imagine software as
spectral signatures for various land forms and various elements of human activities. The
maximum likelihood supervised classification technique was undertaken using the previously
determined training sites. The same procedure has been conducted over all the multi-temporal
satellite images. Field checks were carried out to verify and update the classified images. The
final classified images of the multi-temporal satellite images are presented in (Figure 5-72).
The classified image shows the major land uses /land covers that are related to the
occurrence of various habitats.
Land cover includes various aeolian and coastal landforms. These landforms include beach
sand, coastal sand, inter-dunal depressions, salt marshes, reed swamps and sand dunes.
These landforms occupy the majority of the 1984 classified image (Figure 5-65).In addition;
various features of landuses that were developed through the last three decades are strongly
represented in the classified images of 1997, 2003 and 2006. These landuse features include
the reclamation of wide areas for agriculture, fish farm and construction of intensive irrigation
and drainage networks along with a dense road network. As a result of these human activities,
various landforms that represent natural habitats of various plant communities are either
disappeared or diminished. It became a necessity to monitor and assess the changes of the
both spatial characteristics of both landforms and land uses through the last three decades
using these classified images, from one side, and to assess these changes on the ecosystems
of the study area, from the other side. To accomplish this objective various GIS functions and
operations were undertaken to study the temporal changes of the spatial characteristics of
each landform and each element of Landuse separately.
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Figure 5-65
Supervised Classification Images Dated in Years 1990, 2003 and 2015 of the Study Area
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Geographic Information System (GIS)
Using of GIS in this study gives the ability to link spatial data with descriptive information about
a particular feature on a map. It incorporates a database management, so it is a powerful tool
to visualize, model, analyze and query the database. It is a structured framework for
organizing and displaying large quantities of remote sensing data and other data in map form.
In this system, quantitative values can be retrieved in table form. Several data sets also may
be displayed at once according to the parameters of interest.
Several pre-processing steps were required to standardize and correct the various datasets.
The following data processing and techniques are used to produce the land-use/land-cover
maps are shown in Figure 5-66 and Table 5-43. The topographic maps of the study area at
scale 1: 100 000 were converted into digital format using ARC GIS. Three Landsat scenes
acquired in 1990 and 2003 and 2015were processed using ERDAS Imagine. Projection
parameters for these datasets (Universal Transverse Mercator, Zone 36, and WGS 84 Datum)
were used as the basis for which to register the subsequent datasets.
Digitizing
Digitizing is the encoding of geographic data into a computer as vector data with every point
has which X and Y coordinate. There are two types of digitizing, digitizing using an
electromagnetic or electrostatic device called a digitizer or digitizing from screen "heads-off
digitizing" from a background image like remotely sensed images. Both types were used in the
present study. ARC GIS was used with GTCO portable digitizer, which has an active area
equal 48, by 36 inches, and .003 mm accuracy. In the second method, some features were
digitized from the satellite images through the screen by using ERDAS 10 and ERDAS
IMAGINE 10.1.
Digitizing
The main reason for using ARC GIS to digitize the topographic maps of scale 1:100,000 is its
ease of use and speed that accelerated the digitizing procedures. Also it provides some
facilities that make the output file has less editing stage in the Arc/Info procedures. It also
allows digitizing of every feature in a separate layer. It produces a standard format DXF files
that can be converted to many other GIS formats. Using this procedure, the coastal features of
some of the major areas were digitized. Each feature was digitized in a separate layer that
facilitated the separation of these features during the conversion to Arc/Info format. The
systematic conversion of DXF files from ARC GIS to other coverage's was accomplished.
This is the second method that was used to digitize on the screen from the satellite images.
The ERDAS package has the capabilities to digitize from the screen. The general
Geomorphological unites along the study areafrom the satellite images were digitized. The
digitization was done by using the command "digscrn", the output is a .dig file which can be
easily converted to a raster GIS file by ERDAS data conversion module. The GIS file can also
be converted by the data conversion module to Arc/Info coverage. Three raster GIS layers
were created for the shoreline with equivalent three-vector coverage. The three thematic
layers were passed through a process of building the topology and editing by the Arc/Info
package to be ready for analysis. The build topology was applied by clean and builds
commands. In editing stage the overshoot and undershoot dangles was removed, the vector
module of IMAGINE is more user friendly and flexible that save the processes of conversion
applied in ERDAS 10.
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Figure 5-66
Flow Chart of the Data Processing and Techniques Used to Produce
Land-Use/Land-Cover of Study Area

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 237 of 305

Table 5-43
The Main Classes of Land-Use / Land –Cover in the Coastal Area of the Burullus Lake,
Interpreted from Landsat Images Series
Category
100 Buill-up

Class
110 Residential
120 Industrial
130 Transportation

140 Recreational

200 Cultivation

150 Mixed
210 Agriculture Land
220 Shrubs and Brush land

300 Water

310 Marine Water and brakish
water

400 Wetland

410Vegetated Wetland
420 Non-Vegetated Wetland
510 Plain Land

500 Barren Land

Type
111 Towns and Settlements
112 Tourist Villages
131 Airports
132 Port Facilities
133 Highways and Roads
134 Sand Dunes
141 Protected Area
142 Archeological Sites
151 Land being developed within
Urban Areas
211 Croplands
212 Reclaimed Lands
221 Desert Shrubs/ Grasses
222 Coastal Brush land
311 Open Sea Water
412 Lakes and Embayment
313 Coastal line
411 Salt Marshes
421 Sabkhas&Tidal Flats
511 Beaches, Sand and Gravel
512 Delta Deposits & Alluvium
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Data Conversion
The files include all the digitized layers along with their thickness values. Various layers of the
dxf files are converted into their corresponding shapefiles using ArcGIS. In this step, each
layer of these files is separated into a thematic GIS layer.
Geo-referencing
Geo-referencing is an essential step of the spatial data management. Geo-referencing aims at
the conversion of the coordinates from the digitizing screen coordinates into a real world
coordinate. Each GIS layer is geo-referenced using the following parameters:
Projection
Unit
Spheroid
Datum
Zone

: Universal Transverse Mercator (UTM)
: Meters
: WGS 84
: WGS 84
: 36

Editing
Various editing operations have conducted over GIS layers to make them ready for display
and analysis. These operations include the following:
GIS layers: GIS layers have been overlain on the geo-referenced scanned map to check
that all layers in the maps have been extracted.
Features: Check the occurrence or the absence of various features in each GIS layer.
Verify that each polygon is closed (No overshoots or undershoots). Verify that each line is
smooth and connected with other line if necessary.
Attributes: Removing all the non-required fields of the DXF files from the shape files except
the thickness field, Create a new field called “Code” in the shape files, Transfer values of
“Thickness field” into the new created code field, Display the features in each GIS layer
using code values to assure the accuracy of data entry by comparing them with the source.
Edge matching
Having two GIS layers edge matched, they should be geo-referenced to the same projection
parameters, they should be the same feature class, and the corresponding features should
have the same attribute. Using these fundamentals, all the contiguous GIS layers in the study
area have been edge matched.
Mapping
In order to produce the land use / land cover maps with proper scale, various topographic
maps, Landsat images years 1990, 2003 and 2015 , ground observations, and related
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ancillary data have been compiled and processed in different ways. These data have been
systematically used to prepare the necessary layers to constitute an appropriate geographical
information system (GIS) for the study area. These data were integrated to establish a digital
data base which could be useful for site selections of proposed wind farm project, planning
and management of such this development projects in the area.
The data available that were used in this study grouped into the following: (a) Natural hazards
maps, (b) Satellite data (c) Topographic maps at scale 1:100 000, all of these materials are
discussed in the following:
In the present work, Landsat imagery data dated in 1990, 2003 and 2015 that were covering
the area of Power station Project city have been digitally processed, analyzed and interpreted
to produce a land-use/land-cover map at a scale of 1: 100.000, (Figure 5-66). The main
classes of recognized land use (activities) and land cover (resources) at this scale are given in
Table (3). This is based mainly on the multilevel land-use/land-cover classification system for
use with remote sensor data adopted by the U.S. Geological survey (Anderson et al., 1976).
Landsat image, clearly displays the major classes of land-use and land-cover of Power station
Project coastal zone, Burullus Lake.
Land-use and land-cover maps are essential for many development projects, such these
temporal maps lead to detect the historical natural and human changes. Land-use / land-cover
maps are helpful to determine quantitatively the environmental changes of both natural and
human inputs. Remote sensing data are becoming important for mapping land-use and landcover particularly for large inaccessible areas. They provide an unbiased permanent data set
that may be interpreted for a wide range of land-use/land-cover (Sabins, 1997). Remotely
sensed data can be acquired from various systems, with a spatial resolution that matches the
degree of detail required for the study. The interpretation of remotely sensed data is faster and
less expensive than conducting ground surveys. Furthermore, digital processing is becoming
essential because as spatial resolution and spectral coverage increases, the volume of data
also increases. The analysis and interpretation of remote sensing data should be
supplemented by ground checks of areas that represent various categories of land-use and
land-cover.
Geographical Information System application and digital analysis of Landsat data of years
1990, 2003 and 2015 have been utilized in this study to recognized and defined land use in
Power station Project coastal plain area. The different steps involved in this work could be
explained as follow:
Defining a comprehensive legend according to the scale of Landsat image.
Field checking and necessary modification of the primary maps applying the auxiliary data
and extant maps to promote the formation depicted on the land use / land cover maps.
Measurement of land unit surface by applying geographical information system (GIS)
facilities to accomplish the work.
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Multi-Temporal Remote Sensing Imagery
Over the last three decades, satellite remote sensing imagery represents a powerful tool for
monitoring and mapping Earth resources. Satellite images are characterized by various multiaspects (Manual of Remote Sensing). Two of these multi-aspects play important roles in
defining and monitoring earth resources. These aspects are the multi-temporal and the multispectral aspects. Whereas the first aspect help in the definition of temporal changes of the
spatial characteristics of land use and land cover elements, the multi-spectral aspect help in
the definition of various land use and land cover element.
The multi-temporal aspect of remotely sensed data implies the collection of imagery of the
same area of the surface at different periods of time. This aspect is considered one of the
most important contributions of applying remote sensing in earth observation studies. Using
this aspect, it is possible to detect changes that may occur to a given features in the study
over the last three decades. However, to monitor the temporal changes that may occur to
various objects in the study area, it is critical to define first these objects and map them. To
accomplish this objective, we studied carefully, the spectral characteristics of various features
in the study area from the available multi-temporal satellite image. Four satellite images have
been acquired to define, map, and monitor changes of various land use and land cover
features over the last three decades in the study area. To define and map these features, it is
important to study their spectral characteristics.
Table 5-44
The percentage of Decreasing or Increasing in Each Habitat
and Land Uses in the Study Area
Habitats

1984

1997

2003

2006

Sand beach

1.49%

1.51%

1.37%

1.36%

Coastal sand

16.60%

16.50%

11.50%

11.30%

Sand sheets

33.70%

0%

0%

0%

Sand dune

19.30%

14.30%

7.50%

4.50%

Salt marsh

6%

1.2%

0.9%

0.9%

Reed swamps

2.70%

5.10%

1.70%

6.90%

Cultivated Lands

1.49%

21.09%

32.90%

25.13%

Fish Farms

0%

7.95%

5.19%

10.10%

Reclaimed Lands

0%

33.64%

22.61%

36.66%
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Land Use-Land Cover (LU/LC) Classification Scheme
The produced land-use/land-cover maps of two different dates 1990, 2003 and 2015 (Figures
5-67, 5-68 & 5-69) clearly displays the major classes of land use and land cover in the study
area of Power station Project. The system includes all major categories of land use and land
cover, and can be expanded for special situations. Basically, it could provide an accurate
database for inventory of the existing patterns of land-use/land-cover at scales ranging from
regional to local. Furthermore, image acquired in different dates for the same area may be
digitally registered and compared to produce change detection images that emphasize
changes in land-use and land-cover. Regulating these changes is an important action to
minimize negative impacts on the environment due to the construction of the proposed project.
This is the final step of data automation process where all the contiguous GIS layers that have
the same feature class were appended to one GIS. At this point, we are having the following
final layers as shown at Figures (5-67 and 5-68). Accurate detection of changes in the study
area is helpful to assess the environmental status for all ecological types of both natural
parameters and human activities. Land-use and land-cover maps provide an unbiased
permanent data set that may be interpreted for a wide range of applications as well
development activities.
Burullus Wetland includes 10 types of habitat (sand formations, salt marshes, lake cuts,
terraces, slopes, water edges and open waters of the drains, islets, shores and open waters of
the lake). Each one of these habitats has some unique species (species solely found in one
habitat).
A brief description of the main land-use/land-cover categories in the prepared maps of the
study area along the Mediterranean Sea, delineated from the interpretation of Landsat images
is as follows (Lotschet al., 2003):
Urban:This GIS layer comprises urban areas of sketchy land-use where much of the coastal
land is covered by buildings, structures and streets. With the expanding urban development
around Project site from year 1990 to year 2015, several other activities have been
constructed particularly at the fringes of urban land along beach, (Figure 5-67). As the
economy of Kafr esh-Sheikh and its environmental problems become increasingly in scope,
study area is part of the Egyptian urban system that suffers from concentration of population
and investments in Cairo and Alexandria, despite its contribution to the national economy.
A modest tourist industry has existed for a long time in the Burullus area. It is based almost
exclusively on Egyptian tourists attracted from the Nile Delta and Cairo during the summer
months. Tourist activity, Kafr esh-Sheikh Governorate has six historical sites such as the
prehistoric City of Butu, known now as Tal Elpharaeen, and also some Islamic sites still to be
excavated from beneath the sand dunes, beside the recreation sea resorts. In addition, 25000
Feddan on the northern Sandbar are proposed for tourism development.

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 242 of 305

Fisheries activity
From the field study, it has been noticed that fishing, livestock, bird catching, cultivation in
addition to cutting and marketing of reeds are the main common activities in Burullus Wetland.
Fishing is considered the main activity in the Burullus Protected Area. Considering that fishing
is the common activity of the Burullus population, Lake Burullus had the most productive
mullet fishery of the Delta lakes due to the wide lake-sea connection.
Fishery performance in Lake Burullus is weak due to many factors. The main one is the new
hydrological regime caused by the construction of High Aswan Dam, which deprived the lake
of the annual flow of flood water and sediments, which were brought by the yearly floods. On
the other hand, there has been an increase in the nutrient-rich drainage water flowing into the
lake. Assessments of the impact of the new water regime on Lake Burullus conclude that the
lake receives nutrient-rich sewage, which changes the water quality and leads to
eutrophication (Reid and Rowntree 1982).
Salt marshes
Salt marches are considered one of the main habitats that occur in the coastal area of the Nile
Delta (Zaharan et al. 1985). In the study area, salt marshes occur as a coastal landform in the
low topographic areas and between sand dunes and sand sheets. The classified image of
1984 implies the presence of this important habitat in the middle of the study area and as
narrow spotty areas along the beach. The total area of the salt marshes in the study area is ~
23.00 km2. This landform has been replaced by fish farms in the study area as interpreted from
the classified images of 1997, 2003 and 2006. And small areas still marshes ~ 4 km2 or more
but not detected in classified images, because these small marshes smaller than 30*30 m or
20*20 m (image resolution ) by fragmentation. Salt marshes are representing a habitat for the
succulent
halophytes
such
as
Halocnemumstrobilaceum,
Aeluropuslagopoides,
Inulacrithmoides and Alhagigraecorum.
Man-Made Features
Through the last three decades, intensive human activities have occurred in the study area
reflecting the establishment of various developmental projects. As a result of human activities,
three main human made features are dominant. These features are cultivated lands, fish farms
and reclaimed lands either for cultivation or for fish farming. The spatial characteristics of
these three features have been studied from the classified images through the last three
decades.
The cultivated areas
The southern limit of the study area is neighbouring the regular cultivation activities that occur
in the Nile Delta. Under the pressure of population density, agricultural activities have been
expanding in the study area through the last three decades.The agriculture activities was
limited in 1984 (Figure 5-67 & 5-68). As shown from the classified satellite image, the total
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area of agriculture in the 1984 was estimated to be 5.70 km2. In the 1997, the cultivated areas
are highly increased to be 18.20 km2. The highest area of the cultivated lands has been
recorded in 2003 and estimated to be 126.60 km2. A decrease in the cultivated lands has been
recorded in 2006 where the total area of the cultivated lands was estimated to be 98.90 km2.
The shrink in the total area of the cultivated land may be attributed to the fluctuation between
activities or as a result of the increasing salinity of the cultivated lands.
Referring to the spatial distribution of the cultivated lands, the cultivated lands in the study
area started as thin elongated spots directly north El Nil Canal as shown from the 1984
classified satellite image. In the classified images of 1997, 2003, and 2006, the cultivated
lands has expanded and distributed mainly from the east and the west of the study area where
the stabilized sand dunes and the peni-plained sand dune areas were dominant in 1984
respectively.
Hydrophytes:This layer includes natural vegetation. The life form spectra of the vegetation in
the Burullus Wetland indicated that, therophytes had the highest contribution in all habitats,
except the open water zones of drains and lake. Regarding species diversity, the drain slopes
and lake islets had the highest species richness. The potential and actual economic uses of
the recorded species in Burullus Wetland were assessed classified into 6 major categories:
grazing, fuel, medicinal use, human food, timber and other uses (e.g. making mats, baskets,
ropes, chairs, ornamental uses, beach bed, sand binder, soap manufacture and oil and dye
extraction). As all the plants are ecologically important (e.g. keeping stability and biodiversity
of the ecosystems, sharing in soil stabilization and symbiosis, etc.), this criterion was not taken
into consideration in the evaluation of the economic importance of the plants. From the floristic
biodiversity viewpoint, the most important habitats are the lake islets (26 unique species), sand
formations and salt marshes (12 species for each of them).
Barren Land: This class represents land which has a limited ability to support life, with a
surface predominantly formed of sands and gravels. According to its topography and relief,
Plain Land, It includes the beaches covered by sands, gravels and shell fragments, almost
barren of any vegetation (Figures 5-67 & 5-68).
Change Detection in Land Use/Land Cover,among 1990 to 2015
During the current study image 2015 was updated to perform this analysis belonging to the
years 1990 and 2003, collecting of these two dates is due to the greening coverage on the
surface of study area have to be detected at same time. The data obtained from the two
images were subjected to analysis including spatial vegetation patterns and assessment of soil
dynamics. Furthermore, this biophysical parameter is a key remote sensing observation
related to several important biospheric properties including the proportion of photo
synthetically absorbed radiation and leaf area index were also used
Results of image processing in different dates 1990, 2003 and 2015 allow identifying the
natural environmental condition and forces affecting the study area and detected the major
changes for ecological components. The major distinct land use changes occurring in the
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study area due to the extension of urban, fisheries activities and protectorates which develops
along the northern side of Nile Delta.
The present status of land use-land cover in the districts of the Power station Project
evaluated by digital analysis of satellite data indicates that majority of areas in these districts
are used for development purpose.
Considering the change detections, there are many classes changes such as urban activities,
fish farms, sabkha area which indicated the penetration of sea water to the land. This is clear
in the salt soil covered the Sabkha area and colored vegetation cover. Development of
anthropogenic input reflected the constructed roads, which occurred mostly for the urban and
transporting fringe of Power station Project. These changes mostly are related to changes due
to natural and resources found on barren and wet land in the coastal plain, which are
recognized as an environmental impact. Main future activities planned for the study area are
related to the nature of the coastal zone study area and its natural resources.
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Figure 5-67
Land Cover Map Extracted from Landsat Images
in 1990, 2003 and 2015 for Study Area
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Figure 5-68
Change Detection of Wetlandsmap of Thestudy Area
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Figure 5-69
Change Detection of Fish Farms from Land Use / Land Cover Map
of the Project Study Area
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Figure 5-70
Change Detection of Urban from Land Use / Land Cover Map
of the Project Study Area
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Natural Hazards Assessment
Several studies were published in the last few years on the earthquakes of Northern Delta.
Badawy et al. (2015) studied the seismicity of this region and recorded that the northern
Egyptian continental margin represents the NE portion of the North African passive continental
margin. Economically, this region is of great importance as a very rich and productive
hydrocarbon zone in Egypt. Moreover, it is characterized by remarkable tectonic setting
accompanied by active tectonic processes.
The northern Egyptian continental margin has suffered from historical and instrumental
earthquakes (Maamoun et al., 1984; Ambraseys et al., 1994). The Egyptian continental margin
considered as a remnant the Mesozoic Neo–Tethys Ocean and opened several rifting stages
in the Triassic (Garfunkel, 1998, 2004; Robertson, 1998). It is characterized by nine identified
geomorphological land types: beach and coastal flat, coastal dunes, agricultural deltaic land,
sabkhas, fish farms, Burullus and Manzala lagoons, saltpans, marshes and urban centers (ELBanna and Frihy, 2009). Earthquake activities tend to clustered along the Mediterranean
Ridge and three reverse earthquake source mechanisms are reported. There, active
compressive tectonics leads to a series of folds, reverse faulting, and piggy-back basins.
These folds are generally salt-cored (Gaullier et al., 2000).
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Figure 5-71
Natural Hazards Affecting the Area of the Northern Delta after Badawyet al. (2015)
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Interaction between Landscape Habitats and Human Activities
The oldest satellite image that has been acquired in 1984 discloses that there are limited
aspects of human activities in the study area (Lenney et al 1997; Hoffman et al. 2007 and
Acevedo et al. 2007). Human activities were estimated 1.49 % of the total area under study.
The only considerable human activity that has been recorded in 1984 was the cultivation of
limited areas at the southern boundary of the study area. The majority of the study area was
occupied by various natural landforms such as beach sand, coastal sands, sand sheets, sand
dunes, stabilized sand dunes, salt marshes, and reed swamps. These landforms represent the
original natural habitats for all the plant species that have been surveyed in the study area.
From this perspective, the majority of the study area which represents ~ 98.00 % of the total
area of study area was occupied by natural habitats. On the expense of these various
habitats, human activities started developing through the last three decades (Bedear2003).
Beside the agricultural activities that have been recorded in 1984, the 1997 charts show high
percentages of fish farms, and reclamation activities (Figure 5-72). The agricultural activities,
the fish farms, and the reclamation represented ~ 63.00 % of the total area. This high
percentage occurred on the expense of the previous habitats that have been recorded in 1984.
Accordingly, high areas of these habitats have been either minimized or destroyed. The net
result is the minimization of the spatial extents of the habitats to be ~ 37.00 % in 1997. The
same trend occurs at 2003 and 2006 where a continuous expansion of human activities occurs
on the expense of a continuous shrink of habitats. This role has been envisaged by the high
percentages of various features of human activities that have been estimated to be ~ 85.00 %
of the total area. On the account of the habitats that has been estimated to be ~ 15.00 %. It is
worthy to mention that the 15.00 % of the habitats includes both the habitats that have been
left from the original landscapes of 1984 and the habitats that have been created as a result of
human activities. This kind of interaction between human activities and natural landscapes
habitats resulted in two main consequences.
POTENTIAL CONSEQUENCES OF HUMAN ACTIVITES
The acceleration of various human developmental projects such as agriculture, fish farms, and
the constructions of dense irrigation and drainage networks along with the supplementary
infrastructures such as the construction of road networks and the highway has resulted in
several consequences (Frihyet al. 2003; Bernard et al. 2007 and John 2007). These
consequences include:
Rising ground water table
The study area is located in the north of the Nile Delta that has been characterized by low
topography. The elevation in the study area ranges from Less than 0 to 50 meter. This low
topography my induce seawater intrusion to the study area and increase the ground water
table (Abdel-Rahman et al 1995, Abdel-Rahman et al 1998; El-Asmeret al. 2002 and Frihyet
al. 2003). Increasing the ground water table is expressed by the presence of various salt
marshes, hyper saline ponds, and reed swamps that are widely distributed in the low
topographic areas. In addition to this low topography and sea water intrusion (Frihyet al.
1993), the presence of fish farms and intensive irrigation and drainage channels that are
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associated with the agriculture management may increase the penetration of water to the
underground water. Increasing the underground water may be responsible for the creation of
new habitat in the study area such as reed swamps, and salt marshes.
Figure 5-72
A Chart Shows the Percentages of Changes in the Spatial Extents of the
Different Habitat Following Human Activities through the
Last Three Decades, in the Coastal Part of the Nile Delta
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Conclusions
The interaction between man-made activities and environment has a direct impact on both the
environment and on the natural resources. A key issue to protect the man-made activities from
natural hazards and on the same magnitude a mitigation measures to minimize the impact of
these activities on the environment is required. This is addressing such environmental impacts
and the proposed mitigation measures.
Changes of the landforms occur as a result of either anthropogenic or natural processes.
Anthropogenic processes include establishment of various commercial, industrial, and
residential projects along with their supplementary infrastructures. These activities influence
the habitat of the ecosystems (Inoue and Nakagoshi, 2001; Monticinoet at. 2005; AlvarezRogelet al. 2007; Giannecchiniet al. 2007 and Huang et al. 2007). Through the last three
decades, the study area has been undergoing widespread changes in the habitats of various
plant communities as a result of various human activities. This interaction between human
activities and landscape habitats has been monitored using multi-temporal satellite images
and GIS.
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5.9

AMBIENT NOISE

5.9.1

Noise Sensitive Receivers

No major land uses surrounding the site. There are no tourist, industrial, commercial or
residential uses to the land surrounding the site for several hundereds meters all around.
Even supplemented by the noise that may be generated from traffic on the coastal
international highway to the true south of the power plant site, it is not perceptible at all, as the
highway is almost several tens meters far to the south of the site.
Very low density residential or tourist properties have been identified against the southern part
of the proposed site boundaries and there are other population centers within 2 km or more of
the proposed site under construction. To the east of the power plant the start of 1800 Feddan
area allocated for fish farms project. The nearest receptor is located on the other side of the
Coastal Highway.
Due to the construction of the power plant, and irrespective of the rural nature of major
surroundings of the proposed site, today, considering its identification for power generation
activities, the area is categorized as “Industrial Areas” with respect to Egyptian ambient noise
standards (see Table 2-5 in Section 2.6.4).

5.9.2

Ambient Noise Levels

In view of the absence of any residential community in the surrounding parts of the proposed
site (site coordinates), a noise survey was carried out on the site of the proposed plant by MB
Consultant in July 2015. The main existing noise sources on, and surrounding the site, were
found to comprise the following:
•

•

vehicular traffic on the coastal international highway to the south of the site, several tens
meters far from it; and
prevailing wind.

Measurements were taken using a calibrated Brüel and Kjaer Sound Calibrator, Type 4231
precision sound analyser, in a “free-field” location away from any reflective surfaces and 1.5m
above the ground. The average ambient level recorded was LAeq 70dB due to noise generated
by the Coastal International Highway and prevailing wind. Figure 5-73 depicts layout of
baseline noise measurement points and Table 5-45 presents the measured parameters for 12
locations. Figures 5-74 through 5-77 present the results giving the sound levels for each thirdoctave band. Figures 5-78 through 5-80 depict some measurement photos.
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Figure 5-73
Layout of Baseline Noise Measurement Points
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Table 5-45
Measured Parameters for the 9 Locations
Locations

LAeq

LASmax

LApeak

LASmin

LAF5

LAF10

LAF50

LAF90

LAF95

LAF99

1

68.84

81.57

95.8

58.48

74.91

72.99

62.13

58.91

58.51

58.16

2

73.6

84.81

98.63

54.96

80.17

77.96

63.67

58.78

58.13

57.03

3

67.28

75.54

90.93

56.62

74.12

70.84

61.76

57.94

57.29

56.12

4

68.2

79.01

93.58

57.03

74.55

71.48

62.27

58.19

57.33

56.12

5

72.98

81.39

96.01

59.19

80.04

77.18

69.05

61.54

61.13

59.90

6

69.35

77.85

91.57

57.5

75.30

73.43

65.09

57.92

57.19

56.10

7

68.57

76.68

89.89

58.23

75.56

73.06

63.32

58.49

58.21

57.53

8

76.41

84.15

98.2

59.2

83.24

81.72

69.57

62.48

59.55

58.28

9

72.85

82.1

95.87

59.65

79.83

77.03

67.23

60.71

59.59

58.43
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Figure 5-74
Main Parameter Values over the Measured 9 Locations

Figure 5-75
Statistical Parameter Values over the Measured 9 Locations
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Figure 5-76
Spectrum Graph of Values of Sound Levels for
Each Third-Octave Band
(Measurements Undertaken at the Site on July 2015, Locations 1 thr. 6)
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Figure 5-77
Spectrum Graph of Values of Sound Levels for
Each Third-Octave Band
(Measurements Undertaken at the Site on July 2015, Locations 7 thr. 9)
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Figure 5-78
Measurement Photos
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Figure 5-79
Measurement Photos
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Figure 5-80
Measurement Photos
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5.10

TRAFFIC AND TRANSPORT

5.10.1 Introduction
Road transport provides the main mode of transport in the Burullus zone. The proposed power
plant site will be accessed via the Coastal International Regional Highway. This road connects
the proposed power plant site to the major road network as shown in Figure 5-81.
Information on traffic conditions and flows have been obtained from primary assessment work
conducted by the “Transport Expert, Professor of traffic and transport at al-Azhar University,
Faculty of Engineering, Dr. Ibrahim Mabrouk”, and his team during August 2015, and from
observations made during site visit in early July 215.
5.10.2 Location of Burullus Power Plant
Burullus power plant is located in Kafr Elsheikh city along the Coastal International regional
highway at a distance 30 km west Baltim city. The project site lies on the right side of the
Coastal International highway while heading to Alexandria. The Mediterranean Sea lies to the
North of the project site. The project is accessible from Cairo through the route: Cairo/
Alexandria desert highway and Coastal International highway to the project site (Figure 5-82).
5.10.3 Accessibility to the Power Plant
The power plant is located along Coastal International highway on a section 30 km west Baltim
city. There is only one entrance to the site which lies along the Coastal International regional
highway. As there are salt ponds surrounding the plant as well as the Mediterranean Sea.
The entrance to the project site
As the project site lies along the Coastal International regional highway, the entrance is
unpaved branching from the Coastal International regional highway to the southern boundary
of the project site. The entrance should be constructed with a width not less than 6 m to allow
access of the trucks carrying the power plant equipment and also to allow entry of the
construction equipment to the site. Acceleration and deceleration lanes should be provided to
the entrance to ensure safe maneuver to vehicles entering or exiting the site. This entrance
has no obstacles to obstruct trucks from access to the site (Figure 5-83).
5.10.4 Existing Land Use
The land use Figure 5-84 surrounding the power plant is identified as follows:
1.
2.
3.
4.
5.
6.

The Mediterranean Sea.
Burullus Lake.
Cultivated lands.
Small residential areas.
Salt Ponds.
Coastal International Highway
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Figure 5-81
Location of Burullus Power Plant and the Regional Roads
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Figure 5-82
Location of Burullus Power Plant and the
Connecting National Roads (Google Photo)
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Figure 5-83
The proposed Entrance
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Figure 5-84
Existing Land Use
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5.10.5 Characteristics of Regional and National Roads
In this part of the report the characteristics of the main roads leading to the site of Burullus power plant
and also other national roads that connect the power plant with the major Egyptian ports are
considered.

Regional Roads around the Power Plant
Coastal International Highway
This road is the national road, which serves the movement of the passengers and goods from
Port Said and Damietta to Alexandria and vice versa. It is a rural multi lane 2 way highway.
Most of the intersections are at grade. The volume of traffic is moderate through the year.
Its course extends adjacent to southern coast of the Mediterranean Sea from Port Said to
Alexandria. As the road is confined to the Seacoast, its narrow right of way mostly
characterizes it and the speed ranges between 40-105 km/h. The road section adjacent to the
power plant site is not provided with light posts. The main characteristics of the road are given
below in Table 5-46.
Table 5-46
Characteristics of Coastal International Highway
Item
Road width
Number of lanes

Characteristics
30 m
4 lanes

Median width

9m

Design speed

110 Km/hour

Speed limit

90 Km/hour

Light posts

None

Shoulders

1m at both sides

National Roads connecting the Power Plant to Different Ports in Egypt
In this part, the traffic volumes for some regional roads connecting the power plant to major
ports in Egypt will be viewed due to the heavy equipment required for the power plant, which is
imported then transported to Kafr Elsheikh from a number of national ports such as
(Alexandria, Port Said, Damietta and Suez).
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The main national roads connecting the ports to Burullus power plant are:
From Cairo:
1- Cairo / Alexandria desert highway, or
2- Cairo / Alexandria agriculture highway, then
3- The Coastal Int. highway
From Alexandria, Port Said and Damietta:
The Coastal International Highway
From Suez (including Adabia and Sokhna ports):
1- Cairo / Suez Highway, or
2- Cairo / Sokhna Freeway, then
3- Cairo / Alexandria desert highway, then
4- The Coastal Int. highway
The geometric characteristics of the National highways included in the study are given in Table
5-47.
Traffic data for these roads (AADT) during the period 2010 to 2014 were obtained from
General Authority for Roads, Bridges and Land Transport (GARBLT) Figure 5-85.
The traffic volume on Cairo/Alexandria Agricultural Highway is considered to be the highest
traffic volume where it is equal to 3-6 times of traffic volume on other roads. That is because
this road connects between the capital and one of the main ports (i.e. Alexandria). Moreover, it
serves & passes through many governorates with high population densities, thus the speed is
relatively low considered as a rural highway (average speed 70 km /hour). The lane capacity
for the other national highways under study is 2000 vehicle / hour. The limit speed on the
highways is 100 km/ hour except for the International highway is 90 km / hour.
Table 5-47
Geometric Characteristics of Main National Highways
Road Name
Cairo / Alexandria Desert
Highway

Cairo / Alexandria Agriculture
Highway

Geometric Description
This is a dual 4-lane carriageway highway with a paved shoulder linking Cairo to
Alexandria Seaport. The road is a toll road and becoming main road that
transport a high proportion of passengers and freights which generated from the
urban expansion along its route. The pavement condition is good. The average
lane capacity is given as 2200 vehicle/hour.
This is a dual 3-lane carriageway highway with a paved shoulder linking Cairo to
Alexandria Seaport. The road is a main road that transport a high proportion of
passengers and freights which generated from the urban expansion along its
route. The road is generally in a good condition. The average lane capacity is
given as 2000 vehicle/hour.
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Table 5-47 (Contd.)
Geometric Characteristics of Main National Highways
Road Name
Cairo / Suez Desert Highway

Port Said / Ismailia Desert
Highway
Suez / Ismailia Highway

Cairo / Sokhna Freeway
Coastal International Highway

Geometric Description
This is dual 2-lane carriageway highway with a paved shoulder linking Cairo to
Suez Seaport. The road is generally in a good condition. The average lane
capacity is given as 2200 vehicle/hour.
This is dual 2-lane carriageway highway with a paved shoulder linking Port Said
to Ismailia The road is recently upgraded and it is in a v.good condition. The
average lane capacity is given as 2000 vehicle/hour. (toll road)
This is dual 2-lane carriageway highway with a paved shoulder linking Suez to
Ismailia The road is recently upgraded and it is in a v.good condition. The
average lane capacity is given as 2000 vehicle/hour.
This is dual 3-lane carriageway highway with a paved shoulder linking Cairo to
Sokhna Seaport. The road is generally in a V.good condition. The average
lane capacity is given as 2200 vehicle/hour. (toll road)
This is a dual 2-lane carriageway highway, with a concrete barrier in the
median, linking Port Said to Marsa Matrouh passing by Alexandria. The road is
becoming a main road that transport a considerable proportion of passengers
and freights from the east to the west of the Nile Delta and vice versa. The
road is generally in a V. good condition. The average lane capacity is given as
2000 vehicle/hour.
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Figure 5-85
Average Annual Daily Traffic on National Roads
During period (2010-2014)
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5.10.6 Traffic Classification Survey
As part of the evaluation of existing conditions, it was decided to carry out traffic counts on the plant’s
adjacent road and the counts were manually carried out for 12 hours on Monday 6th July 2015.
The counts were manually carried out to depict the daily flow, peak flow and existing traffic composition.
The traffic was classified into the following five categories: Table 5-48.
abcde-

Private car, van, jeep.
Pick-up, micro-bus, Mini-bus.
Bus.
Motor cycles (Tok Tok)
Truck / Truck trailer.

Table 5-48
Traffic Classification during the peak periods on
Coastal International highway

Truck
trailer

pc

Pickup

Truck
trailer

Total

To Alex

388

321

49

97

117

972

271

233

-

51

76

631

To Baltim

368

340

37

94

103

942

245

222

1

45

70

583

Bus

Pickup

Total

Bus

pc

Tok Tok

Night
Tok Tok

Day

Table 5-48 indicates that there is light traffic volumes on both directions by day and by night.
The directional distribution of traffic for both directions is nearly 50% by day and by night. The
traffic composition indicated that:
1- The percentage of P.C’s is dominant (40%). This is followed by the pickup (33%) as
this type of vehicles is used for transport of both passengers and goods. Then came
the truck (12%) and this is also normal as these modes of transport are used in the
transport of freights across the Nile Delta. The motor cycles (tok tok) (10 %), this mode
of transport is used for passenger transport and it is considered a hazard to other road
users. At the tail came the category of buses (5%).
2- The daytime variations are distinctive since the volume is reduced to approximately two
thirds at night. However, it is observed that the percentage of heavy vehicles (trucks) at
night is (12%) which conforms a real threat to other vehicles using the road.
3- It should be also noted that the road in this section have no light posts. Hence, it is
advised not to use the road at night, as it might be hazardous to the freight and
equipment transported. Traffic composition for both directions, at day and night
periods is shown in Figure 5-86 and 5-87 respectively.
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Figure 5-86
Traffic Composition on Coastal International Highway (Day)

* Figures on pie charts show the volume of vehicles in percentage.
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Figure 5-87
Traffic Composition on Coastal International Highway (Night)

* Figures on pie charts show the volume of vehicles in percentage.
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5.10.7 Trip Time Survey at the Surrounding Roads of the Power Plant
To identify the operational characteristics of the road facing the power plant (Coastal Int.
highway). The moving car observer method is used to measure the average journey time and
speeds on this road. The length of section was 3.0 Km around the site. The observers
recorded the following data:
1- Running time at this section by using a stopwatch.
2- Manual survey of traffic volume in opposite direction of movement test car.
3- Manual survey to vehicles that overtake the test car and that be overtaken by the test car.
That was done for 8 rounds for both directions of travel on Coastal Int. highway. The results of
the journey time surveys are given in Table 5-49.
Table 5-49
Average Travel Time and Speed for the selected road Section

Road
Coastal Int. highway
(To Alexandria)
Coastal Int. highway
(To Baltim)

Average Trip
Time (Minutes)

Average Speed
(km/hr)

1.95

92

2.0

90

Speed analysis
The video tapes recorded were used to calculate individual speeds for 150 vehicles. The
resulting speeds were statistically analyzed to estimate the average travel speed along road
section and to assess the variation of the average speed. Speed data is given in Table 5-50.
While Table 5-51 presents a summary of the statistical analysis performed on the speed data.
The speed distributions along Coastal Int. highway is shown in Figure 5-88.
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Table 5-50
Speed data
Veh.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Speed
(Km/h)
40
40.6
40.6
41.8
41.8
41.8
43.12
43.24
44.44
44.44
44.92
45.16
45.4
45.52
45.88
46.24
46.24
56.24
57.32
67.44
67.68
67.8
67.8
67.8
67.8
73.56
74.16
74.16
74.16
74.16

Veh.
No.
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Speed
(Km/h)
76.08
76.2
76.2
76.2
76.2
76.2
76.32
76.44
76.44
76.44
76.92
77.16
77.4
77.52
77.88
78.24
78.24
78.24
79.32
79.44
79.68
79.8
79.8
79.8
79.8
80.04
80.04
80.04
80.16
80.28

Veh.
No.
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

Speed
(Km/h)
80.64
80.64
81.12
81.12
81.84
82.44
82.44
82.68
82.68
82.68
82.92
83.28
83.4
83.52
83.64
84.48
84.48
84.48
85.68
85.8
86.04
87.84
87.96
87.96
87.96
87.96
87.96
88.08
88.08
88.2

Veh.
No.
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

Speed
(Km/h)
90.2
90.32
90.44
90.44
90.44
90.56
90.68
90.92
90.04
90.52
90.64
90.64
90.64
90.76
90.88
90.24
90.24
90.24
91.32
91.44
91.68
91.8
91.8
91.8
93
93.24
93.24
93.24
93.36
93.48

Veh.
No.
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

Speed
(Km/h)
94.44
94.44
94.68
94.68
94.68
96.48
96.84
97.8
97.92
97.92
97.92
97.92
97.92
97.92
97.92
97.68
100.44
100.45
101.44
102.12
102.12
102.24
103.08
104.24
104.24
105.24
105.36
105.36
105.36
105.36
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Table 5-51
Speed Analysis

Speed (km/h)

Frequency

40-50
50-70
70-80
80-90
90-105
Time mean speed km/h
Space mean speed km/h
85% speed km/h
98% speed km/h
Range km/h
Standard Deviation km/h

17
8
30
35
60

Percentage %
11.4
5.3
20
23.3
40
94
90
90
105
65.36
35.8

Accumulated
percentage
11.4
16.7
36.7
60
100
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Figure 5-88
Spot Speed Distribution
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5.11

ARCHAEOLOGICAL, HISTORIC AND CULTURAL HERITAGE

5.11.1 Archaeological, Historic and Cultural Context of the Site
Civilizational and Cultural Legacy
Kafr esh-Sheikh boasts a cultural and civilizational legacy traced back to Ancient Egypt when it
was the sixth province in Lower Egypt, embracing its Capital. Its civilizational role continued
during the Islamic Era where Muslim rulers were interested in it thanks to its location; it is
bounded by the Mediterranean Coast, the north gate to Egyptian territories, which was the
reason why they constructed fortresses to defend this part of the country. Islamic heritage is
ingrained in Kafr esh-Sheikh through mosques, shrines, and hospices dating back to the
Islamic Era. Furthermore, its role extends to the modern age where the Local Day comes on
4th November, commemorating the Egyptian Navy’s victory over British and French fleets in
Borollos Battle in 1956 during the Tripartite Aggression on Egypt.
Monuments in Kafr esh-Sheikh
-

Pharaonic Monuments:

Kafr esh-Sheikh used to be the sixth province in Lower Egypt, embraced the Capital of such
territory, Khasut, which now corresponds to Shakha of Kafr esh-Sheikh City.
There are many significant architectural areas the remains of which currently occupy some
2000 feddans form architectural sites all over the governorate. These are monumental hills the
most prominent of which is Tal al-Faraïn (Pharaoh’s Hill) in Desouq; Tal Qabrit (Qabrit Hill) in
Foh; Tal al-Khanaziri (al-Khanaziri Hill) in Riyad; Tal Sidi Salem (Sidi Salem Hill) and Tal alGalagel (al-Galagel Hill) in Baltim; and Tal Sengar (Sengar Hill), Tal Mastarouh (Mastarouh
Hill), and Tal al-Kom al-Akhdar (al-Kom al-Akhdar Hill) in Lake Borollos. It is historically
established that Egypt had 2 Kingdoms in the early history: the first in Upper Egypt with the
Capital Nekhen; the second in Lower Egypt with the Capital Buto which now resided in Kafr elSheikh. Those two centers retained their dominance in Egypt thanks to their significance and
renown along the ages.
Some of the most important monuments discovered in the current Tal al-Faraïn (the then Buto,
Capital of Lower Egypt in the Prehistoric Age) are as follows:
-

Two Sphinx-like basalt statues dating back to Dynasty XXIX;

-

Statue of Horus (the hawk god); one of the most remarkable statues discovered in Egypt
so far;

-

Double red granite statue of King Ramses II and the goddess Sakhment;

-

A black granite palette dating back to the age of Thutmose III, Dynasty XVIII;

-

Offering palette dating back to the age of Thutmose III, where up on the palette, Thutmose
III, kneeling, pours holy water and makes offerings;

-

Granite palette dating back to the age of Shashank I, Dynasty XXII;
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-

-

-

Statue of a priest sitting, holding a Nile Delta plant (lettuce) in his left hand, symbolizing
fertility, before his legs is the holy trinity of Osiris in the middle as a small statue standing
on a base on the priest’s feet, with Horus to his right and Isis to his left in carving;
Statue of King Nepherites I, Dynasty XXIX;
Polished black granite statue of the hawk god Horus with meticulous carving details; and
Six monumental hills in Lake Borollos occupying an area of 202 feddans, 2 carats, and 3
sahms. These are: Tal al-Dakhla, Tal Mastarouh, Tal Dishini, Tal al-Matlouba, Tal alMaqsaba, and Tal al-Saharig.
Coptic Monuments:

Sakha Church:
King Herod wanted to kill children in Bethlehem to get rid of Jesus Christ after His birth; hence,
Virgin Mary’s and the Child’s flight into Egypt. Along the trip, the Holy Family passed along
Sakha where they stayed for an undated period, and the area then was called “Bi-Akha” or “BiKha”, then “Sakha” for easiness of pronunciation. The word “Bi-Kha” is Coptic for “foot”, as
Jesus’ foot was imprinted on a stone in this place. Egyptian Christians later were interested in
the place which became a religious center, and the area the residence of the local bishop. One
of the mose renowned bishops was Anba (Father) Zacharias who died and was buried in this
area in the 8th Century The church building is traced back to before the 10th Century, with
recent restorations in different ages where it embraces ancient and modern architecture. Walls
show it is monumental, as well as some of the woodworks which were renovated almost 200
years ago. Moreover, there are utensils and icons that have been used almost along the five
past centuries, and are still being used so far.
-

Islamic Monuments:

Al-Maqrizi mentioned the arrival of the first Arab squads to Kafr esh-Sheikh, where a squad of
Beni Udai bin Kaab, a troop sent by the Prince of the Believers Omar bin al-Khattab – may
Allah be pleased with him – came to Borollos headed by Khalaf bin Nasr, one of the
grandsons of the Prince of the Believers Omar bin al-Khattab. These and the Kananites were
famous for tracing. Ever since, Kafr esh-Sheikh was Arabized, as those Arabs mixed with
native Egyptians.
Islamic monuments in Kafr esh-Sheikh vary and can be broken down into the following:
Religious buildings: Mosques, shrines, corners, and hospices which exist in Desouq City
and Abu Mandour, Mahallet Abu Ali, Foh, Matobus, and Minyet al-Morshed Villages of
Matobus Markaz, and Side Ghazi of Kafr esh-Sheikh Markaz;
Civil buildings: Houses, squares, shops and water dispensaries in Foh, and King Fouad
Palace in Kafr esh-Sheikh City; and
Military buildings: Castles, fortresses, walls, and small forts in Baltim City and Borg alBorollos Village.
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5.11.2 Archaeological, Historic and Cultural Features at the Proposed Site
The site itself has no proven evidence of significant archaeological, historic or cultural
features.
The lack of clarity surrounding the location and extent of the ruins west of Abu Qir about 50km
west of the site, referred to by De Cosson in 1935, makes it difficult to precisely determine
whether the proposed site will coincide with any features of archaeological importance. In
addition to the documentation of these ruins in the area, and given the archaeological features
formally identified on Lake Maryut, the following other potential features could conceivably be
found at wider area around the proposed site (mostly about 45-60 km to the west of the site
(although no evidence is currently available indicating their presence):
harbour installations, eg quays, jetties, etc;
buildings, temples, shrines, dwellings and historic industrial structures;
funerary features, necropolis, tombs and graves;
communications, roads and tracks, canals and dykes;
pottery and other artefacts
Overall, there is no evidence that the proposed site contains any of archaeological features or
resources. That was clearly recorded during early boring activities conducted in January-July
2015 to assess soil and geological conditions.
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5.12

SOCIO-ECONOMIC ENVIRONMENT

5.12.1 General Background
Kafr El-Sheikh Governorate is part of the Delta region that encompasses (Gharbeyia,
Menofeyia, Daqahleyia, Kafr El Sheikh, and Damietta). The name of the governorate is
attributed to the A`ref bellah (scholar who gained proper knowledge of Allah's ruling
and piety) Sheikh Talha Abi Said El Telmesany descending from Moroccan origin, who
settled in the governorate in 600 A.H.
The governorate's total area comes to 3466.69 km2, forming 0.3% of the country's total
area. It is divided into 10 Marakez, 11 cities, 2 districts, and 74 rural local units with 142
affiliated villages. The governorate's population reaches 2.9 million recording a normal
increase rate of 23.10 per thousand.
Kafr El Sheikh is an agricultural governorate that is famous for the production of rice,
beets, wheat, and cotton. It contributes to the industrial activity whereby it hosts several
industries including: dairy products, oil and soap, fodders, milling rice, cotton ginning
and spinning, and sugar beet. In addition, the governorate hosts a large number of
fisheries.
The governorate is endowed with diversified tourism attractions including leisure
tourism in Balteem summer resort, El Borolos Lake, and Desook Park, in addition to
religious highlights including Mosques of Sidi Talha Abi Said El Telmesany, Sidi
Ibrahim El Desooky, as well as the Virgin Mary Church. Moreover, it includes historical
sites and monuments in Sakha Hills, Faraeen Hills, Kom El Khobyz, in addition to the
House of the leader Sa`ad Zaghloul.
The governorate is divided into 5 People's Assembly and 2 Shura Council
constituencies.
The governorate's national day: 4th November commemorating the Burullus battlefield
that took place in 1956 AD.
Location: Kafr esh-Sheikhlies in the far north of the country. It is bordered to the north
by the Mediterranean Sea, to the west by Rosetta branch extending over 85 km till its
mouth in the Mediterranean Sea, to the east by Dakahleyia, and to the south by
Gharbeyia Governorates (Figure 5-89).
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Figure 5-89
Administrative Zones of Kafr esh-Sheikh Governorate
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5.12.2 Population and Demography

Table 5-52
Population Indicators
Item

Total population
Average household size

Unit

Value

Thousand persons

2874.47

Person

4.25

Per thousand
persons
Contract/ 100
thousand persons
Contract/ 100
thousand persons

Population normal increase rate
No. of marriage contracts
No. of divorce incidents

23.10
1130.05
118.49

Source: Kafr El-Sheikh Governorate: Information and Decision Support Center, 2012-2013.

5.12.3 Education Indicators
Table 5-53

Item

Unit

Value

%

50.54

Student/ Classroom

38.21

%

74.77

%

42.30

Student/ Classroom

35.45

%

45.08

Pre-University Edu. (General)
Females (% of total students)
Classroom density
% of schools provided with computers
Pre-University Edu. (Al-Azhar)
Females (% of total students)
Classroom density
% of institutes provided with computers

Source: Kafr El-Sheikh Governorate: Information and Decision Support Center, 2012-2013.
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5.12.4 Health Indicators
Table 5-54

Item

Unit

Value

Person/Bed

1317.96

No. of persons per physician

Persons/ Physician

1201.70

New born mortality rate

Dead birth /
Thousand live births

4.10

Beneficiaries from health insurance system (%of total
population)

%

57.78

No. of state – funded medical treatment cases (locally)

Thousand persons

34.53

No. of persons per bed

Source: Kafr El-Sheikh Governorate: Information and Decision Support Center, 2012-2013.

5.12.5 Social Affairs & Ration Services Indicators
Table 5-55

Item

Unit

Value

No. of beneficiaries of social security

Thousand cases

60.63

Share of spent fund per beneficiary

L.E/ Beneficiary

1039.76

%

89.96

Thousand persons /
Bakery

3.08

Beneficiaries of ration cards (% of total population)
No. of persons per bakery

Source: Kafr El-Sheikh Governorate: Information and Decision Support Center, 2012-2013.
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5.12.6 Sectoral Indicators

Table 5-56
Sectorial Indicators of the Kafr El-Sheikh Governorate
Item

Unit

Value

Thousand feddans

547.93

Cultivated land condensation factor

Time

2.00

No. of industrial zones

Zone

2

Factory

55

Hotel & resort

2

Total area of cultivated land

No. of productive factories in industrial zones
No. of hotels & resorts

Source: Arab Republic of Egypt -The Cabinet Information & Decision Support Center: Egypt's Description by
Information 2011, Kafr El-Sheikh Governorate.

5.12.7 Infrastructure Indicators:
Table 5-57
Item

Unit

Value

Liter. day/ Person

74.83

Thousand subscribers

37.15

k.w.h yearly/ Person

674.88

No. of fixed telephone lines per 100 persons

Line/ 100 persons

14.34

Per capita share of total consumed potable water

Liter. day/ Person

155.82

Per capita share sanitation capacity
No. of subscribers in natural gas service
Per capita share of electricity used for illumination

Source: Arab Republic of Egypt-The Cabinet Information & Decision Support Center: Egypt's Description by
Information 2011, Kafr El-Sheikh Governorate.
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5.12.8 Administrative Division:
Table 5-58

Item

Unit

Value

Markaz

10

City

11

District

2

Unit

74

Villages outside local units

Village

0

Satellite villages

Village

142

Unit

Value

Total area

Km2

3466.69

Populated area

Km2

3466.69

No. of Marakez
No. of cities
No. of districts
No. of rural local units

* Source: Ministry of State for Local Development, 2012/2013.

5.12.9 Area
Table 5-59

Item

Ratio of the population density to populated area
Ratio of the population density to total area
Ratio of populated to total area

Thousand
persons / km2
Thousand
persons / km2
%

0.83
0.83
100.00

* Source: Ministry of State for Local Development, 2012/2013.
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5.12.10

Population, Labor Market & Vocational Training Centers:

In 1/1/2012, population of Kafr esh-SheikhGovernorate scored 2.9 million distributed over the
total area of 3466.69 Km2. According to the results of 2006 census, average household size
comes to 4.25 person with a normal increase rate of 23.10 per thousand person.
In 1/1/2012, total labor force in the governorate came to 1.03 million with 93.0% employed of
total labor force. The governorate hosts 30 vocational training centers catering for the labor
force.
Table 5-60
Population

Item

Unit

Value

Total population*

Thousand persons

2874.47

Average of household size**

Person

4.25

Birth rate*
Mortality rate*
Population normal increase rate*
No. of marriage contracts*
No. of divorce incidents*

Live birth/ Thousand
persons
Dead person/ Thousand
persons
Per thousand persons
Contract/ 100 thousand
persons
Incident/ 100 thousand
persons

28.40
5.30
23.10
1130.05
118.49

Source: *Central Agency for Public Mobilization and Statistics (CAPMAS) 2012 **Census 2006.

Table 5-61
Labor Market

Item

Unit

Value

Total labor force

Thousand persons

1031.40

No. of employed persons

Thousand employed

959.00

No. of unemployed persons

Thousand unemployed

72.40

Labor force (% of population)

%

35.88

Rate of unemployment

%

7.02

Source: *Central Agency for Public Mobilization and Statistics (CAPMAS) (Labor Force Sample Survey 2012)

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 288 of 305

Table 5-62
Vocational Training Centers

Item

Unit

Value

No. of vocational training centers

Center

30

No. of trainees

Trainee

1133

Labor force per vocational training center

Thousand persons/
Center

34.38

Total capacity of vocational training centers

Trainee

2419

Source: Ministry of Manpower and Immigration 2010/2012.

5.12.11

Education:

In 2012 / 2013, 32.81% of total students enrolled in illiteracy classes attained reading and
writing skills.
In 2012 / 2013, number of schools operating in Kafr esh-SheikhGovernorate was 1839
distributed among the Marakez, districts and villages. Private schools score 1.03% of total
number of schools with the classroom density of 38.21 student / classroom.
In 2012 / 2013, number of Azhari institutes serving in Kafr esh-SheikhGovernorate came to
457 located in different Marakez, cities and villages. In addition, classroom density scored
35.45 student / classroom.
Table 5-63
Eradication of Illiteracy

Item

Unit

Value

No. of targeted illiterates

Thousand persons

14.15

No. of enrolled in illiteracy classes

Thousand persons

50.89

Enrolled (% of targeted illiterates)

%

359.64

No. of targeted illiterates No. of enrolled in illiteracy
classes Enrolled (% of targeted illiterates)

Thousand persons

16.70

Attained reading and writing skills (% of enrolled)

%

32.81

Source: The General Authority for Adult Education 2012/2013.
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Table 5-64
Pre-University Education (General)

Item

Unit

Value

No. of schools & sections

School & section

1839

No. of classrooms

Thousand classrooms

15.03

No. of students

Thousand students

574.14

No. of teachers

Thousand teachers

30.94

No. of technical schools

School

56

No. of private schools

School

19

No. of cooperative schools

School

2

No. of military sports schools

School

0

Classroom density

Student/ Classroom

38.21

Females (% of total students)

%

50.54

No. of students per teacher

Student/ Teacher

18.56

Annual increase of the number of schools

%

2.62

Annual increase of the number of students

%

6.84

% of schools provided with computers

%

74.77

%

13.00

%

55.00

%

3.00

%

0.00

%

52.37

%

23.25

%

18.87

Student/ Classroom

41.01

Schools provided with theater (% of total
schools)
Schools connected to the Internet (% of total
schools)
Schools that are accredited by The National
Authority for Quality Assurance & Accreditation
of Education (% of total schools)
Schools applying special curricula (% of total
schools)
Students in the primary stage (% of total
students)
Students in the prepratory stage (% of total
students)
Students in the secondary stage (% of total
students)
Classroom density in the primary stage
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Table 5-64 (Contd.)
Pre-University Education (General)

Item

Unit

Value

Classroom density in the prepratory stage

Student/ Classroom

37.99

Classroom density in the secondary stage

Student/ Classroom

36.92

No. of primary students per teacher

Student/ Teacher

24.68

No. of preparatory students per teacher

Student/ Teacher

17.06

No. of secondary students per teacher

Student/ Teacher

11.57

Source: Ministry of Education 2012/2013.

Table 5-65
Pre-University Education (Al-Azhar)

Item

Unit

Value

No. of Al-Azhar institutes

Institute

457

No. of classrooms

Thousand classrooms

3.52

No. of students

Thousand students

124.80

Females (% of total students)

%

42.30

No. of teachers

Thousand teachers

7.83

Classroom density

Student/ Classroom

35.45

No. of students per teacher

Student/ Teacher

15.94

Classroom density in the primary stage

Student/ Classroom

34.93

Classroom density in the prepratory stage

Student/ Classroom

37.83

Classroom density in the secondary stage

Student/ Classroom

33.69

Institutes provided with computers (% of total
institutes)

%

45.08

No. of primary students per teacher

Student/ Teacher

18.84

No. of preparatory students per teacher

Student/ Teacher

15.25

No. of secondary students per teacher

Student/ Teacher

11.12

Source: Al-Azhar 2012/2013.

_____________________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 5- Page 291 of 305

Table 5-66
Research Centers
Item

Unit

Value

Ministries

Center

0

Universities

Center

2

No. of research centers affiliated with:

Source: Ministry of Scientific Research 2012/2013.

5.12.12

Health

On 1/1/2012, the physician's and nurse's share of population scored 1201.70 person /
physician and 648.87 person / nurse, respectively in Kafr esh-SheikhGovernorate.
On 1/1/2012, the governorate's new born mortality rate had been 9.90 deaths/ thousand births.
In 2011 / 2012, beneficiaries of health insurance scored 57.78% of total population.
34.53 thousand person had benefited from state – funded treatment (locally) until 1/1/2012.
Table 5-67
Ministry of Health Hospitals & other Entities

Item

Unit

Value

No. of hospitals affiliated with the Ministry of
Health's Public Bureau

Hospital

2

No. of public and central hospitals

Hospital

14

No. of specialized hospitals

Hospital

5

Educational hospitals

Hospital

0

Educational institutes

Institute

0

Hospitals of The Public Authority of Health
Insurance

Hospital

2

No. of persons per bed

Person/ Bed

1317.96

No. of working physicians

Physician

2392

No. of persons per physician

Person/ Physician

1201.70
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Table 5-67 (Contd.)
Ministry of Health Hospitals & other Entities
Item

Unit

Value

Dentist

289

No. of working pharmacists

Pharmacist

612

No. of working nursing staff

Nurse

4430

Person/ Nurse

648.87

Institution

0

University hospitals

Hospital

0

Other hospitals

Hospital

0

Private sector hospitals

Hospital

16

Police and prison hospitals

Hospital

0

Railway hospitals

Hospital

0

No. of pharmacies

Pharmacy

1967

Center

16

No. of working dentists

No. of persons per nurse
Medical treatment institutions

No. of hemodialysis centers affiliated with the
Public Authority of Health Insurance
Source: Ministry of Health and Population 1/1/2012.

Table 5-68
Woman and Child Indicators
Item
Vaccination coverage
No. of premature infants incubators allocated in
central public and public hospitals
New born mortality rate
Infant mortality rate
Below- five child mortality rate

Unit

Value

%

97.63

Incubator

116

Dead birth / Thousand
live births
Dead birth / Thousand
live births
Dead birth / Thousand
live births

4.10
9.90
13.90

No. of family planning centers

Center

282

No. of mobile clinic

Clinic

22

Source: Ministry of Health and Population 1/1/2012.
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Table 5-69
General Indicators
Item
No. of beneficiaries from health insurance
system*
Beneficiaries from health insurance system (%
of total population)

Unit

Value

Thousand
beneficiaries

1660.87

%

57.78

Ambulance

97

Thousand persons /
Ambulance

29.63

Thousand persons

34.53

L.E million

60.58

No. of ambulances**
No. of persons per ambulance
No. of patients receiving state funded medical
treatment (locally)**
Total expenditure of state funded medical
treatment (locally)**
Source: * Ministry of Health and Population 2011/2012.
** Ministry of Health and Population 1/1/2012.

5.12.13

Culture & Worship Places

On 1/1/2011, the number of culture palaces and houses serving in Kafr eshSheikhGovernorate totaled 17 distributed among the Marakez, cities and villages.
In addition, number of public, academic, and specialized libraries catering for Kafr eshSheikhtotaled 43 on 1/1/2012.
Table 5-70
Culture
Item

Unit

Value

Palace & house

17

Thousand persons/
Palace & house

169.09

Palace & house

2

Museum

1

Library

43

Public

Library

34

Specialized

Library

1

Academic

Library

8

No. of culture palaces & houses*
No. of persons per culture palace & house
No. of culture palaces & houses provided with
computers*
No. of monuments museums**
Total number of libraries***

Source: * Ministry of Culture 1/1/2012.
** Supreme Council of Antiquities 2011/2012.
*** The Cabinet- Information & Decision Support Center 1/1/2012.
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Table 5-71
Worship Places
Item

Unit

Value

Mosque

4117

Mosque
Churche & monastery

257
11

No. of government Mosques*
No. of community Mosques*
No. of churches and monasteries**

Source: * Ministry of Religious Endowment (Awkaf) 1/1/2012.
** Central Agency for Public Mobilization and Statistics (Census 2006)

5.12.14

Youth, Sports & Social Affairs

On 1/1/2013, Kafr esh-SheikhGovernorate is served by 228 youth centers operating in cities,
Marakez, districts and villages. As such, the share of youth center comes to 12.61 thousand
person / center.
In 2011/2012, number of community associations operating in Kafr esh-SheikhGovernorate
came to 1054.
In 2012/2013, number of social security beneficiaries in the governorate came to 60.63
thousand whereby per capita share of disbursed money is 1039.76L.E/ case.
Table 5-72
Youth and Sports
Item

Unit

Value

No. of youth centers*

Center

228

No. of sporting clubs**

Club

32

No. of sporting courts**

Court

44

Stadium

1

House

0

No. of sporting stadiums**
No. of youth houses*
No. of youth hostels*

Hostel

1

No. of libraries in youth centers*

Library

173

No. of persons per youth center
No. of covered sports halls**
Number of schools serving outstanding sports
talents**
Source:

Thousand persons/
Center
Hall
School

12.61
2
0

*National Council for Youth 1/1/2013.
**National Council for Sports 1/1/2013.
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Table 5-73
Social Affairs
Item

Unit

Value

Thousand persons/ Unit

102

Association
Thousand persons/
Association

28.18

Thousand cases

2.73

No. of beneficiaries of social security**

L.E million

60.63

Disbursed amounts of social security funds**

L.E/ Case

63.04

Amount of disbursed funds per beneficiary

Thousand projects

1039.76

No. of productive family projects***

Thousand children

108.59

L.E million

25.87

No. of social services units*
No. of persons per social services unit
No. of community associations*
No. of persons per community association

No. of scholarship beneficiaries**
Allocated fund disbursed for scholarships**
Child share of scholarship

1054

L.E/ Child

7.92

Thousand cases

306.38

Source: * Ministry of Insurance and Social Affairs 2011/2012.
** Ministry of Insurance and Social Affairs 2012/2013.
*** Ministry of Insurance and Social Affairs 1/1/2013.

5.12.15

Ration Services

Kafr esh-SheikhGovernorate is served by 932 bakeries distributed over the Marakez, cities,
districts and villages. Subsidized Baladi bakeries formed 70.8% of total bakeries on 1/1/2011.
Ration card beneficiaries formed 89.96% of total population on 1/1/2011.
On 1/1/2011, number of LPG cylinders distribution outlets came to 127 in the governorate.
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Table 5-74
Ration Services
Item

Unit

Value

Bakery

932

Subsidized balady bakeries

Bakery

660

Tabaky bakeries

Bakery
Thousand persons/
Bakery
Thousand tons

272

234.18

82% flour

Thousand tons

186.78

76% flour

Thousand tons

47.40

Kg/ Person

81.47

Thousand ration cards

521.375

%

89.96

Grocer

1596

Outlet

127

Thousand pipes

14.13

Home

Thousand pipes

13.75

Others

Thousand pipes

0.37

Outlet

89

No. of bakeries*

No. of persons per bakery
Supplied quota of subsidized flour*

Per capita share of subsidized flour quota
No. of ration cards*
Beneficiaries of ration cards (% of total
population)
No. of grocers*
No. of LPG cylinders distribution outlets*
No. of LPG cylinders for*

No. of consumption cooperative outlets**
Source:

3.08

*Ministry of Supply and Social Affairs 1/1/2013.
** Ministry of Supply and Social Affairs 1/3/2013.

5.12.16

Environment, Political Participation and Security

On 1/1/2013, number of vehicles converted to natural gas fuel in Kafr esh-SheikhGovernorate
came to 362.
In 1/1/2011, number of waste recycling plants catering for the governorate came to 2.
On 1/1/2013, number of police stations / departments serving the governorate came to 14.
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Table 5-75
Environment
Item

Unit

Value

Protectorate

1

No. of garbage recycling factories

Factory

2

No. of air quality monitoring stations

Station

0

No. of land fills for solid wastes

Land fill

0

No. of noise monitoring stations

Station

0

Car

362

No. of natural protectorates

No. of cars converted to natural gas fuel
Source: * Ministry of State for Environmental Affairs 1/1/2013.

Table 5-76
Political Participation
Item

Unit

Value

Constituency

5

Individual

Constituency

3

List

Constituency

2

Member

18

Constituency

2

Individual

Constituency

1

List

Constituency

1

Member

6

Unit

Value

Police station

14

No. of prisons*

Prison

0

No. of courts**

Court

12

No. of constituencies of People's Assembly

No. of members
No. of constituencies of Shura Council

No. of members
Source: * Supreme Judicial Electoral Committee 1/10/2013.

Table 5-77
Security
Item
No. of departments / police stations*

Source: * Ministry of Interior 1/1/2013.
**Ministry of Justice 1/1/2013.
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5.12.17

Loans, Insurance Companies and Banks

On 1/1/2013, number of borrowers from the Social Fund for Development (SFD) came to 4188
in Kafr esh-SheikhGovernorate with total funding of L.E 37.53 provided to small and micro
projects.
Number of borrowers from the Local Development Fund of Kafr esh-SheikhGovernorate
scored 307 on 1/1/2013 with a total fund of L.E 0.79 million.
According to data of 1/1/2013, number of banks serving Kafr esh-SheikhGovernorate was 103.
Table 5-78
Loans
Item

Unit

Value

No. of borrowers

Borrower

4188

Total available finance for the projects

L.E million

37.53

Small enterprises

L.E million

23.54

Micro enterprises

L.E million

13.98

No. of borrowers

Borrower

307

Total available finance for the projects:

L.E million

0.79

L.E million

0.79

Social Fund for Development*

Local Development Fund**

Micro enterprises
Source: * Social Fund for Development 1/1/2013.
** Local Development Fund 1/1/2013.

Table 5-79
Insurance Companies & Banks
Item
No. of insurance companies & their branches*
No. of banks & their branches**

Unit

Value

Company

4

Bank

103

Source: * Egyptian Financial Supervisory Authority 1/1/2013.
** Central Bank of Egypt 1/1/2013.
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5.12.18

New Cities & Tourism
2 hotels ( 2 star, or less) serve in the governorate offering the capacity of 144
beds according to data of 1/1/2013.
14 tourism companies are operating in the governorate according to 1/1/2013
data.
Table 5-80
New Cities
Item

No. of new cities
No. of housing units

Unit

Value

City

0

Housing unit

0

No. of producing factories

Factory

0

No. of under construction factories

Factory

0

Unit

Value

Hotel & resort

2

5 Star

Hotel & resort

0

4 Star

Hotel & resort

0

3 Star

Hotel & resort

0

2 Star and Less

Hotel & resort

2

Hotel & resort

0

No. of rooms*

Room

72

No. of beds*

Bed

144

Company

14

No. of hotel & tourism schools**

School

1

No. of hotel & tourism institutes***

Institute

0

No. of hotel & tourism faculties***

Faculty

0

Source: * Ministry of Housing, Utilities & Urban Development 1/1/2013.

Table 5-81
Tourism
Item
No. of hotels & resorts*

Under Classification

No. of tourist companies*

Source: * Ministry of Tourism 1/1/2013.
*** Ministry of Higher Education 2012/2013.
** Ministry of Education 2012/2013.
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5.12.19

Agricultural Activity

Until 1/1/2013, total cultivated land in Kafr esh-SheikhGovernorate had been 547.93 thousand
Feddan whereas crop area came to 1098.60 thousand Feddan.
The governorate hosts 278 agricultural cooperative and specialized associations according to
1/1/2013 data.
The governorate has 441 pilot fields.
52 livestock and poultry feed factories are operating in the governorate.
Table 5-82
Agricultural Activity
Item

Unit

Value

Total area of cultivated land*

Thousand feddans

547.93

Old cultivated land

Thousand feddans

538.82

Newly cultivated land

Thousand feddans

9.11

Thousand feddans

1098.60

Cultivated land condensation factor

Time

2.00

No. of agricultural associations**

Association

278

Cooperative associations

Association

259

Specialiesed associations

Association

19

Farm

239

No. of livestock slaughterhouses**

Slaughterhouse

19

No. of poultry slaughterhouses**

Total cropped area*

No. of livestock farms**

Slaughterhouse

2

Amount of water used for agriculture sector***

Billion m3

3.43

Amount of reused waste water***

Billion m3

0.17

Total milk production**

Ton

314106

No. of mills****

Mill

2

No. of pilot farms*****

Farm

441

Total no. of feed plants**

Plant

52

Plant

22

Plant

30

Livestock feed plants
Poultry feed plants
The amount of red meat produced in
government slaughterhouses**
No. of tractors******

Ton

787

Tractor

866

No. of irrigation machines**

Machine

91663
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Table 5-82 (Contd.)
Agricultural Activity
Item

Unit

Value

Thousand borrowers

99.63

The amount of loans*****

L.E million

927.00

Non performing loans*****

Non performing loans

6412

Bank for Development and Agricultural Cridit (BDAC)
No. of borrowers*****

Source: * Ministry of Agriculture and Land Reclamation 20012/2013.
** Ministry of Agriculture and Land Reclamation 1/1/2013.
*** Ministry of Water Resources and Irrigation 1/1/2013.
**** Ministry of Investment 1/1/2013.
***** Ministry of Agriculture and Land Reclamation 2012/2013.
****** Ministry of the Interior 1/1/2013.

5.12.20

Industrial Activity & Energy

Kafr esh-SheikhGovernorate has 446 registered industrial firms employing 9.11 thousand
workers. In addition, there are 7540 registered handicraft workshops employing 15.53
thousand workers.
The governorate is served by 2 industrial zones.
On 1/1/2013, number of subscribers in the electricity network and natural gas services in Kafr
esh-SheikhGovernorate amounted to 0.8 million and 37.15 thousand respectively.
Table 5-83
Industrial Activity
Item

Unit

Value

Firm

446

Total number of the registered industrial firms*
Total number of workers in the registered
industrial firms*
No.of registered handicraft workshops**
Total number of workers in the registered
handicraft workshops**
No. of industrial zones*

Worker

9107

Workshop

7540

Worker

15526

Zone

2

No. of productive factories in industrial zones*

Factory

55

Association

12

Member

2512

No. of productive cooperation associations**
No. of members of cooperative productive
associations**
Source: * Ministry of Industry and Trade 1/1/2013.
** Handicrafts and Productive Cooperation Agency 1/1/2013.
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Table 5-84
Energy
Item

Unit

Value

No. of subscribers in the electricity grid*

Thousand subscribers

766.81

No. of subscribers in the natural gas service**

Thousand subscribers

37.15

Total electricity production*

Million k.w.h yearly

0.00

Total electricity consumption*

Million k.w.h yearly

2096.16

Electricity consumption for lighting

Million k.w.h yearly

1939.91

Electricity consumption for industrial utilization

Million k.w.h yearly

156.25

Per capita share of electricity used for
illumination

k.w.h yearly/ Person

674.88

Source: * Ministry of Electricity and Energy 1/1/2013.
** Ministry of Petroleum and Metallurgical Wealth 1/1/2013.

5.12.21

Insurance

Number of licensed vehicles in the governorate came to 89.22 thousand in 1/1/2011.
2 mass transport companies are operating in the governorate.
Length of fixed telephone lines is 412.26 thousand whereby number of fixed lines per 1000
person is 14.34 line / 100 person according to 1/1/2011 data.
The governorate is served by 129 post offices operating in the different Marakez, cities and
districts.
67 technology clubs are providing services throughout different Marakez, cities and districts of
the governorate.
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Table 5-85
Roads and Transport
Item

Unit

Value

Km

2610.20

Thousand vehicles

89.22

%

21.00

Length of paved roads*
No. of licensed vehicles**
% of the annual increase in registered vehicles
No. of licensed taxis**

Vehicle

6385

No. of mass transport companies***

Company

2

Public

Company

1

Private

Company

1

Port

0

Airport

0

No. of sea ports****
No. of civil airports*****
Source: * Ministry of State for Local Development 1/1/2012.
** Ministry of Interior 1/1/2013.
*** Ministry of State for Local Development 1/1/2013.
**** Ministry of Transport 1/1/2013.
***** Ministry of Civil Aviation 1/1/2013.

Table 5-86
Communications
Item
No. of exchange
No. of fixed telephone lines

Unit

Value

Exchange

102

Thousand lines

412.26

Line/ 100 persons

14.34

No. of operating post offices

Post office

129

No. of persons per post office

Thousand persons/ Post
office
Club

22.28

No. of fixed telephone lines per 100 person

No. of information technology clubs

67

Source: * Ministry of Communications and Information Technology 1/1/2013.
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5.12.22

Infrastructure

According to 1/1/2013 figures, quantity of the produced potable water in Kafr eshSheikhGovernorate amounted to 665.20 thousand m3. In this context, per capita share of total
quantity of potable water amounts to 231.42 liter.day / person.
Sanitary drainage capacity in the governorate amounts to 215.11 thousand m3/day according
to 1/1/2013 figures. Per capita share of total sanitary drainage capacity came to 74.83 liter.day
/ person.
Table 5-87
Potable Water
Item

Unit

Quantity of produced potable water
Quantity of consumed potable water
Per capita share of total consumed potable
water
Per capita share of total produced water

Value

Thousand

m3/

Day

665.20

Thousand

m3/

Day

447.90

Liter.day/ Person

155.82

Liter.day/ Person

231.42

Source: * Governorates Information & Decision Support Centers 1/1/2013.

Table 5-88
Sanitary Sewer System
Item

Unit

Value

Sanitary drainage capacity

Thousand m3/ Day

215.11

Per capita share of total sanitary drainage
capacity

Liter. day/ Person

74.83

Source: * Governorates Information & Decision Support Centers 1/1/2013.
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6.

ENVIRONMENTAL IMPACT ASSESSMENT

6.1

ENVIRONMENTAL IMPACT PROCESS

6.1.1 Introduction
This section identifies and evaluates the primary environmental impacts of the
proposed construction and operation of the Burullus Power Plant.
For each subject area (i.e. air quality, noise, .. etc.), the nature of the impact is
discussed along with its potential significance, given the existing characteristics of
the site and the Egyptian and World Bank Guidelines for New Thermal Power
Plants(1). Where potentially significant adverse impacts are identified, possible
mitigation measures are suggested wherever possible, to ameliorate the impact to
an acceptable level. Where identified, beneficial or positive impacts/effects of the
project are also highlighted.
6.1.2 Assessment Methodology
Identification and assessment of impacts has been undertaken through a process
comprising consultation, on site observations, literature review and experience of
other similar projects. In addition, several impact models were carried out by
independent consultants outsourced by MDEPC/AMG as follows:
atmospheric dispersion modeling of the stack emissions (carried out by AMG;
Environmental Studies Department);
preliminary water cooling discharge system studies (carried out by the Experts
of Institute of Marine Sciences and Fisheries (IMSF), National Water
Research Center, Ministry of Water Resources and Irrigation;
noise levels modeling of the power plant during operation (carried out by MB
Consultant; on behalf of AMG;
transport impact modeling (conducted by Professor Dr. Ibrahim Mabrouk, AlAzhar University, Faculty of Engineering, Transport and Traffic Dept.;
ecological assessment as well as marine ecology assessment of impacts that
may occur due to the power plant operation (carried out by Expert Ecologist,
Dr. Magdy T. Khalil, on behalf of National Authority for Remote Sensing &
Space Sciences (NARSS); and
seismic impacts which may affect the power plant during its overall life time
and the physical environmental setting of the proposed site (carried out by
the National Research Institute of Astronomy and Geophysics (NRIAG) and

(1)

World Bank Group, Pollution Prevention and Abatement Handbook-Thermal Power Guidelines for New Plants, July
1998 and its consecutive updates until 2012.
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the Commercial Services Corporation (CSC)- previously the Arab
International Environmental Services Corporation “Enviro-Pro”- respectively).
These studies and modeling assessment results have been reviewed, and
commented on by AMG and MDEPC as part of the preparation of this EIA report.
The results of this process are documented in this EIA along with further work and
investigations that have taken place.
The potential impacts associated with the construction and operation of the Burullus
Power Project are listed in Table 6-1.
Table 6-1
Environmental, Health and Safety Issues Relating to
Construction and Operation of Burullus Power Project
Subject Area
Air Quality

Potential Impacts During
Construction
Dust from construction activities.
Traffic-related air quality impacts.

Aquatic
Environment

Control and management of site
drainage.
Wastewater discharge.
Sewage disposal and foul
drainage.

Noise and
Vibration

Noise from construction activities.

Land Use,
Landscape and
Visual Issues

Land use on site.
Land use in the surrounding area.
Effects of construction activities
on landscape character.
Visual impact of construction
activities.
Effects on soils and geological
features.
Soil contamination.
Effects on groundwater.

Soils, Geology and
Hydrogeology

Potential Impacts During
Operation
Impacts of emissions from
stacks on ambient air quality.
Traffic-related air quality
impacts.
Global warming potential.
Thermal water discharge.
Water requirements for power
plant operation.
Discharge of treated process
and wastewater.
Operation of drainage systems
on site.
Discharge of storm water,
sewage and drainage.
Noise from power plant
operations on surrounding land
uses.
Land use on site.
Land use in the surrounding
area.
Effects on landscape character.
Visual impact of the power plant
and operation activities.
Soil contamination.
Effect on groundwater.
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Table 6-1 (Contd.)
Environmental, Health and Safety Issues Relating to
Construction and Operation of Burullus Power Project
Subject Area
Flora and Fauna

Traffic

Potential Impacts During
Construction
Loss of habitat or species due to
landtake.
Disturbance or damage to
adjacent habitat of species.
Traffic conditions/disruption to
road users.
Traffic-related air quality.
Traffic-related noise.

Major Accident
Hazards

Risk to third-party hazardous
industry.

Natural Disaster
Risk
Solid Waste
Management

Seismic risk.
Flood risk.
Contamination of soils and water.
Hazards to workers health.
Accident risks.

Occupational
Health and Safety

Accidents.
Effects on health of workforce.
Safety at work.

Potential Impacts During
Operation
Disturbance or damage to
adjacent habitat.
Effects of structures on bird
migration routes.
Traffic conditions/disruption to
road users.
Traffic-related air quality
impacts.
Traffic-related noise impacts.
Risk to third-party hazardous
industry.
Risk to power plant of thirdparty hazardous industry.
Seismic risk.
Flood risk.
Contamination of soils and
water.
Hazards to workers health.
Accident risks.
Accidents.
Effects on health of workforce.
Safety at work.

6.1.3 Assessment Content
The following items are examined in the corresponding sub-sections of this Section:
Air Quality;
Aquatic Environment;
Noise and Vibration;
Terrestrial ecology (Flora and Fauna);
Land use, Landscape and Visual Impacts;
Soils, Geology and Hydrology;
Traffic;
Socio-economics and Socio-cultural Effects;
Archaeology, Historical and Cultural Heritage;
Natural Disaster Risks;
Major Accident Hazards;
Solid Waste Management;
Public Health Effects;
Occupational Health and Safety; and
Associated Infrastructure.
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For each of these items, a concise description and evaluation of the significance of
potential impacts of the project is presented. Where modeling has been undertaken,
a description of the model as well as corresponding maps summarizing the results of
the assessment are provided.
If mitigation measures are considered to be necessary, these measures are
presented and taken into account in order to estimate the predicted environmental
impacts of the power plant.
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6.2

AIR QUALITY

6.2.1 Introduction
One of the more significant impacts of the power Plant on environment is the impact
on the air quality. During construction activities and power plant operation, several
pollutants will be released to the atmosphere including:
intermittent fugitive emissions of dust during the construction period;
emissions from the exhausts of vehicles used for the transport of the
workers, the transport of construction materials and of basic equipment as
well as transport during the power plant operation (fuel trucks); and
stack emissions during the power plant operation (particularly of nitrogen
oxides (NOx)).
The power plant will burn natural gas as the main fuel. As a result, emissions of
particulate matter and sulfur dioxide during normal operation of the power plant will
be very low.
Atmospheric dispersion modeling of stack emissions has been carried out in order to
assess the impact of the power plant operation on ground level concentrations of
nitrogen oxides NOx, the main pollutant emitted to the air during operation and
carbon monoxide CO and to determine the scale of any impact on air quality, relative
to accepted criteria.
Whilst the plume from the power station may travel ultimately over many hundreds of
kilometers, the impacts in terms of increments to ground level concentrations of
nitrogen dioxide will be confined to an area within a 20 km radius of the power
station site. This then may be regarded as the “airshed”, to use the terminology from
the World Bank guidelines on thermal power plants.
6.2.2 Atmospheric Emissions During Construction Activities
Dust Emissions
Dust generated during construction can be significant locally. The following activities
have the potential to result in the generation of dust during construction:
“earthmoving” operations on site (excavation and removal of superficial
sands);
earthworks engineering;
site stripping;
wind blow; and
circulation of vehicles and trucks for the import of the construction
materials, for the export of excavated soil, for the transport of the workers
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and the transport of the equipment. This is a particularly significant source
of dust emissions on unmade roads.
In the climate type experienced in this region as well as the relatively low pollution
concentrations of background air, existing concentrations of airborne dust are very
low. Relative to these existing levels, the contribution of additional dust from
construction will be very low, too.
Other Emissions
The movements of vehicles will also result in the emission of airborne pollutants,
from the exhausts of the vehicles. The amount of such emissions will depend on the
number of the vehicles concerned, vehicle type and the volume of traffic.
Mitigation Measures
In order to limit the impact of the construction activities on air quality, the following
mitigation measures will be implemented :
land transfers and stock piles of material will be carefully managed to
minimize the risk of wind blown material and dust;
the construction phase will begin with the construction of the access roads (in
order to minimize dust from vehicle movements;
roads during construction will be compacted and graveled if necessary;
roads will be maintained in good condition;
access to the site will be regulated;
vehicle speed will be limited on site; and
vehicles will correspond with Egyptian pollutant emission standards.

6.2.3 Atmospheric Emissions during Power Plant Operation
Pollutants Emitted
The Burullus power plant will burn primarily natural gas or light fuel oil (LFO) (fuel
sollar oil) as an occasional substitute in an emergency. Both primary and alternate
fuels for the power plant project will be purchased from GASCO, the Egyptian
National Gas Company and EGPC, the Egyptian General Petroleum Corporation
under Fuel Supply Agreements.

The Burullus Combined Cycle power plant will have two modes of operation with
regard to fuel type. The normal, and preferred mode is firing with natural gas. This
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will be the case for the majority of the time. In case of an interruption of the gas
supply, the power plant will use light fuel oil as an alternate fuel.
The principal pollutant when burning natural gas will be oxides of nitrogen (NOx).
Use of fuel sollar oil will also result in emissions of particulate matter (PM) and
sulfur dioxide (SO2), alongwith trace amounts of some other pollutants.
The emission characteristics of the Combined Cycle module of the Burullus power
plant are described below according to the fuel supply (natural gas or fuel sollar oil
as an alternative).
Operation with Natural Gas
The concentrations of SO2 will depend directly on the sulfur content in the fuel. The
natural gas used as primary fuel is practically free from sulfur, and emissions of SO2
will be negligible when firing natural gas fuel during normal operation.
Egyptian regulations and requirements of the World Bank (2008) for stack emissions
will be complied with when firing with the main fuel. Tab1e 6-2 summarizes this.
Table 6-2
Stack Emissions for Firing with Natural Gas for Combustion Turbine, mg/Nm3 (1)
[Ceiling Values of both the Egyptian & the W.B. Standards]
Emission Concentration
Emission Type
Estimate Value

Egyptian
Requirement

World Bank Guideline (3)

NOx

64 mg/Nm3 (2)

500 mg/m3

SO2

Negligible

150 mg/m3

< 51 mg/Nm3
(25 ppm)
For technological differences should
not exceed 200
N/A (4)

Particulate Matter

Negligible

50 mg/m3

N/A

(all size): TSP
Notes:
(1) Dry Gas at 15% Excess O2 Content.
(2) Nm = Natural meter cubed.
(3) All parameters for World Bank standards are normalized to standard conditions: 273oK, 101.3 kPa, 15% O2,
dry gas emission rates and 100% load as a worst case on a per unit basis. It has been assumed that there
will be 1000 hrs/year of forced outage, 7590 hrs of natural gas firing and 170 hrs of mazout firing.
(4) N/A = Not Applicable.
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Operation with Emergency Fuel
Firing with light fuel oil as a substitute fuel will occur for only a limited number of
hours per year (a maximum of 170 hours per year) and only if natural gas is not
available.
As the power plant will fire light fuel oil for less than 5% of operating time, Egyptian
and World Bank emission standards are not applicable. Nevertheless, estimated
values of emissions in these circumstances are presented, for information, in Table
6-3 below. It shows that the Egyptian regulations and guidelines of the World Bank
(2008) for stack emissions will be complied with.
Table 6-3
Stack Emissions for Firing with Light Fuel Oil, mg/Nm3 (1)
[Ceiling Values of both the Egyptian & the W.B. Standards]
Emission Concentration
Emission Type

Estimate Value

Egyptian
Requirement

NOx

< 150 mg/Nm3

500 mg/m3

SO2
Particulate Matter
(all size): TSP

< 700 mg/Nm3
< 50 mg/Nm3

1300 mg/m3
100 mg/m3

World Bank Guideline (2),(3)
152 mg/Nm3
(74ppm)
Use of 1% or less S fuel
50 mg/Nm3

Notes:
(1) Values taken at 15% O 2 in dry fumes and for 100% load.
(2) All parameters for World Bank standards are normalized to standard conditions: 273oK, 101.3 kPa, 15% O2,
dry gas emission rates and 100% load as a worst case on a per unit basis. It has been assumed that there
will be 1000 hrs/year of forced outage, 7590 hrs of natural gas firing and 170 hrs of mazout firing.
(3) World Bank Pollution Prevention Guidelines for New Plants, Dec. 2008.

In addition, dispersion modeling has been undertaken for the Emergency Fuel and
the results, although some reached above 50% of the threshold limit, proved
compliance with both the Egyptian standards and the World Bank Guidelines.
Mitigation Measures
Several specific measures have been taken to reduce stack emissions from the
power plant and to comply with Egyptian and World Bank standards. The power
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plant will fire natural gas as main fuel which is the least polluting fuel available, (with
negligible sulfur dioxide emissions and low particulate matter emissions). However,
low NOx combustors will be used on the gas turbines for reducing NOx emissions.
Light fuel oil will only be used as an emergency fuel. In order to reduce NOx
emissions when firing light fuel oil, water injection will be used on the gas turbines.
Water injection reduces NOx emissions by lowering the combustion temperature in
the combustion zone.
Conclusion
The pollutant emissions of the power plant will comply with all requirements when
firing natural gas.
No mitigation measures will be implemented for potential exceedances of NOx and
SO2 when firing on LFO. The exceedance of air quality standards would be due to
any other background levels and could not be attributed to the plant. The costs of
reducing these emissions would not be economically viable given the minor benefits
to air quality that measures would bring. In addition, the alternate fuel will only be
used for a maximum of 2% of the available operating time. The World Bank
Guidelines for New Thermal Power Plants (December, 2008) states that all of the
maximum emissions levels should be achieved for at least 95% of the time the plant
is available operating. The remaining 5% is assumed to be for start-up, shut down or
emergency fuel use. This is the stance also taken by the EEHC.
6.2.4 Atmospheric Dispersion Modeling
The height of the stack will comply with Egyptian requirements and World Bank
guidance on Good Engineering Practice (GEP). The stack of 60 m was defined
according to the atmospheric dispersion modeling undertaken for the Burullus power
plant ESIA in August 2015.
1. Location and Surrounding Topography
The proposed power plant located Noth to The Burullos Lake. See Figure 6-1.
2. Air Emission Sources and Characteristics
Burullus Combined Cycle Station will include a number of processes and items that
are sources of emissions to atmosphere. The primary sources and types of
atmospheric emissions are eight Gas Turbines (GT) and eight Heat Recovery Steam
Generators attached with the GTs. Stack characteristics are listed for both Gas
Turbines and Heat Recovery Steam Generators.
Stack characteristics
Stack No.
Stack height, m.
Stack diameter, m.

GT
8
60
8

HRSG
8
60
8
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Stack exit temperature, oC
Stack exit velocity, m/s.
NO2 emission rate, g/s

650
18

83
16
44

44
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Figure 6-1
Surroundings of Burullus power Plan
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Two scenarios have been studded assuming the use of Natural Gas namely:I- ( GT_NO2) : Running eight Gas Turbines only.
II- ( HR_NO2) : Running eight Gas Turbines then eight HRSGs.
3. Assessment Criteria
Egyptian Environmental Protection Law (4/94) (EEPL) is referenced to determine the
assessment criteria. The objectives relevant to the emitted pollutants for ambient air
quality are listed in Table 6-4.
Table 6-4
Air Quality Objectives Relevant to the Proposal, After (EEPL)
Pollutant
Nitrogen Dioxide (NO2)

Location
Urban
Industrial

1 Hour
300
300

Maximum Limit (µg/m3)
8 Hours
24 Hours
150
--150

1 Year
60
80

4. Climate and Dispersion Meteorology
The key parameters affecting dispersion of air emissions are summarized below.
Dry deposition is the removal of gaseous or particulate material from the pollution
plume by contact with the ground surface or vegetation (or even water surfaces)
through transfer processes such as absorption and gravitational sedimentation. This
may be calculated by means of a deposition velocity, which is related to the
resistance of the underlying surface to the transfer.
Wet deposition is the removal of pollution plume components by the action of rain.
The wet deposition of radio nuclides in a pollution plume by a burst of rain often
forms so called hot spots of radioactivity on the underlying surface
Surface roughness length parameter is a measure for the ground surface
roughness which determines the turbulence characteristics of the ambient boundary
layer. It is taken to be about 1/10 to 1/30 of the height of a typical roughness element
as present on the ground surface.
It is about 1 m for cities, forests and industrial sites, 10 cm for agricultural crops, 1
cm for grass and 1 mm for water or paved surfaces.
Inversion layers:
Normally, the air near the Earth's surface is warmer than the air above it because
the atmosphere is heated from below as solar radiation warms the earth's surface,
which in turn then warms the layer of the atmosphere directly above it. Thus, the
atmospheric temperature normally decreases with increasing altitude.
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However, under certain meteorological conditions, atmospheric layers may form in
which the temperature increases with increasing altitude. Such layers are called
inversion layers. When such a layer forms at the earth's surface, it is called a
surface inversion. When an inversion layer forms at some distance above the earth,
it is called an inversion aloft (sometimes referred to as a capping inversion).
The air within an inversion aloft is very stable with very little vertical motion. Any
rising parcel of air within the inversion soon expands, thereby adiabatically cooling to
a lower temperature than the surrounding air and the parcel stops rising. Any sinking
parcel soon compresses adiabatically to a higher temperature than the surrounding
air and the parcel stops sinking. Thus, any air pollution plume that enters an
inversion aloft will undergo very little vertical mixing unless it has sufficient
momentum to completely pass through the inversion aloft. That is one reason why an
inversion aloft is sometimes called a capping inversion.
Mixing Layer Height:
The mixing layer height is the height above ground through which ground-based
emissions will eventually be dispersed once thorough mixing occurs. In general, the
mixed layer height will increase during the day as the sun causes convection to
deepen the turbulent layer near the ground. The depth of the mixed layer will also
increase as wind speeds increase due to the generation of turbulence produced by
flow over the rough ground surface. Thus mixing layer depth is heavily influenced by
wind speeds and surface roughness, and is an important consideration for
determining the dispersion of ground based emissions into the atmosphere.
Any air pollution plume dispersing beneath an inversion aloft will be limited in vertical
mixing to that which occurs beneath the bottom of the inversion aloft (sometimes
called the lid). Even if the pollution plume penetrates the inversion, it will not undergo
any further significant vertical mixing. As for a pollution plume passing completely
through an inversion layer aloft, that rarely occurs unless the pollution plume's
source stack is very tall and the inversion lid is fairly low.
Atmospheric Stability Classes:
The amount of turbulence in the ambient atmosphere has a major effect on the
dispersion of air pollution plumes because turbulence increases the entrainment and
mixing of unpolluted air into the plume and thereby acts to reduce the concentration
of pollutants in the plume (i.e, enhances the plume dispersion). It is therefore
important to categorize the amount of atmospheric turbulence present at any given
time.
Table 6-5
The Pasquill Stability Classes
Stability class

Definition

Stability class

A

very unstable

D

Definition
neutral
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B

Unstable

E

slightly stable

C

slightly unstable

F

stable

Pasquill stability classes is linked to measured weather factors (wind speed, solar
radiation and cloud cover) as:
Table 6-6
Meteorological Conditions that Define the Pasquill Stability Classes
Surface wind
speed
m/s

Daytime incoming solar radiation
Strong

Moderate

<2

A

2–3

A–B

Nighttime cloud cover

Slight

> 50%

< 50%

A–B

B

E

F

B

C

E

F

3–5

B

B–C

C

D

E

5–6

C

C–D

D

D

D

>6

C

D

D

D

D

Note:
(*) Class D applies to heavily overcast skies, at any wind speed day or night.

5. Air Pollution Dispersion Modeling
Air Pollution Dispersion Modeling is the mathematical simulation of how air pollutants
disperse in the ambient atmosphere. It is performed with computer programs that
solve the mathematical equations and algorithms which simulate the pollutant
dispersion. The dispersion models are used to estimate or to predict the downwind
concentration of air pollutants emitted from sources such as industrial plants and
vehicular traffic.
Such models are important to governmental agencies tasked with protecting and
managing the ambient air quality. The models are typically employed to determine
whether existing or proposed new industrial facilities are or will be in compliance with
the National Ambient Air Quality Standards (NAAQS). The models also serve to
assist in the design of effective control strategies to reduce emissions of harmful air
pollutants.
The dispersion models require the input of data which includes:
Meteorological conditions such as wind speed and direction, the amount of
atmospheric turbulence (as characterized by what is called the "stability class"), the
ambient air temperature and the height to the bottom of any inversion aloft that may
be present.
Emissions parameters such as source location and height, source stack diameter
and exit velocity, exit temperature and mass flow rate.
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Terrain elevations at the source location and at the receptor location.
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Figure 6-2
The Behavior of Smoke Plumes in the Cases of Stability (Left)
and Instability (Right)

stable conditions

unstable conditions
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The location, height and width of any obstructions (such as buildings or other
structures) in the path of the emitted gaseous plume.
Many of the modern, advanced dispersion modeling programs include a preprocessor module for the input of meteorological and other data, and many also
include a post-processor module for graphing the output data and/or plotting the
area impacted by the air pollutants on maps.
The atmospheric dispersion models are also known as atmospheric diffusion
models, air dispersion models, air quality models, and air pollution dispersion
models.
6. Types of air pollution dispersion models:
There are five types of air pollution dispersion models, as well as some hybrids of
the five types:
Box model- The box model is the simplest of the model types. It assumes the
airshed (i.e., a given volume of atmospheric air in a geographical region) is in the
shape of a box. It also assumes that the air pollutants inside the box are
homogeneously distributed and uses that assumption to estimate the average
pollutant concentrations anywhere within the airshed. Although useful, this model is
very limited in its ability to accurately predict dispersion of air pollutants over an
airshed because the assumption of homogeneous pollutant distribution is much too
simple.
Gaussian model - The Gaussian model is perhaps the oldest (circa 1936) and
perhaps the most commonly used model type. It assumes that the air pollutant
dispersion has a Gaussian distribution, meaning that the pollutant distribution has a
normal probability distribution. Gaussian models are most often used for predicting
the dispersion of continuous, buoyant air pollution plumes originating from groundlevel or elevated sources. Gaussian models may also be used for predicting the
dispersion of non-continuous air pollution plumes (called puff models). The primary
algorithm used in Gaussian modeling is the generalized dispersion equation for a
continuous point-source plume.
Lagrangian model - A Lagrangian dispersion model mathematically follows pollution
plume parcels (also called particles) as the parcels move in the atmosphere and
they model the motion of the parcels as a random walk process. The Lagrangian
model then calculates the air pollution dispersion by computing the statistics of the
trajectories of a large number of the pollution plume parcels. A Lagrangian model
uses a moving frame of reference as the parcels move from their initial location. It is
said that an observer of a Lagrangian model follows along with the plume.
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Eulerian model - An Eulerian dispersions model is similar to a Lagrangian model in
that it also tracks the movement of a large number of pollution plume parcels as they
move from their initial location.
The most important difference between the two models is that the Eulerian model
uses a fixed three-dimensional Cartesian grid as a frame of reference rather than a
moving frame of reference. It is said that an observer of an Eulerian model watches
the plume go by.
Dense Gas Model - Dense gas models are models that simulate the dispersion of
dense gas pollution plumes (i.e., pollution plumes that are heavier than air).
The Gaussian Equation
The ISC short term model uses the steady-state Gaussian plume equation for a
continuous elevated source. For each source and each hour, the origin of the
source's coordinate system is placed at the ground surface at the base of the stack.
The x axis is positive in the downwind direction, the y axis is crosswind (normal) to
the x axis and the z axis extends vertically. The fixed receptor locations are
converted to each source's coordinate system for each hourly concentration
calculation. The hourly concentrations calculated for each source at each receptor
are summed to obtain the total concentration produced at each receptor by the
combined source emissions.
For a steady-state Gaussian plume, the hourly concentration at downwind distance x
(meters) and crosswind distance y (meters) is given by:

Where:
Q = pollutant emission rate (mass per unit time)
K = a scaling coefficient to convert calculated concentrations to desired units
(default value of 1 x 106 for Q in g/s and concentration in µg/m3)
V = vertical term
D = decay term
y z = standard deviation of lateral and vertical concentration distribution (m)
us = mean wind speed (m/s) at release height
The equation includes a Vertical Term (V), a Decay Term (D), and dispersion
parameters ( y and z) as discussed below. It should be noted that the Vertical Term
includes the effects of source elevation, receptor elevation, plume rise, limited
mixing in the vertical, and the gravitational settling and dry deposition of particulates
(with diameters greater than about 0.1 microns).
It should be noted that z and y are functions of the atmospheric stability class (i.e.,
a measure of the turbulence in the ambient atmosphere) and of the downwind
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distance to the receptor. The two most important variables affecting the degree of
pollutant emission dispersion obtained are the height of the emission source point
and the degree of atmospheric turbulence. The more turbulence, the better the
degree of dispersion.
The resulting calculations for air pollutant concentrations are often expressed as an
air pollutant concentration contour map in order to show the spatial variation in
contaminant levels over a wide area under study. In this way the contour lines can
overlay sensitive receptor locations and reveal the spatial relationship of air
pollutants to areas of interest.
7. Meteorological Model and Data.
The Fifth-Generation Pennsylvania State/National Center for Atmospheric Research
(NCAR) Mesoscale Model (MM5V3) is used to generate the meteorological inputs to
the air quality model.
MM5V3 is a limited-area, non-hydrostatic, terrain-following sigma-coordinate model
designed to simulate or predict mesoscale and regional-scale atmospheric
circulation. It has been developed at Pennsylvania State and NCAR as a community
mesoscale model and is continuously being improved by contributions from users at
several universities and government laboratories.
(http://www.atmos.washington.edu/~ovens/newwebpage/mm5-home.html )
The model solves the set of atmospheric dynamical and physical governing
equations.
It also includes parameterization treatments for more complicated physical and
dynamical processes; such as:
Precipitation physics, planetary boundary layer process, surface layer process, and
atmospheric radiation.
MM5V3 include: A multiple-nest capability, non-hydrostatic dynamics, which allows
the model to be used at a few-kilometer scale, multitasking capability on shared- and
distributed-memory machines, a four-dimensional data-assimilation capability, and
multiple physics options.
Nesting technique means that the model can run on regional scale (large) area with
emphasize on local scale (small) area. The regional model uses initial and boundary
conditions extracted from a global model and the local uses boundary conditions
extracted from the outputs of the regional one. The regional and local area meshes
are set to start run at the same time where each mesh has its own initial
meteorological data, topography, land use and surface fields.
The model is supported by several auxiliary programs, which are referred to
collectively as the MM5V3 modeling system.
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Data Required to Run the MM5 Modeling System
Since MM5V3 is a regional model, it requires an initial condition as well as lateral
boundary condition to run. Grided data for the entire time period that is being
modeled are needed in order to produce lateral boundary condition for a model run.
Two dimensions gridded data for: Topography, vegetation data, land use, mean
sea-level pressure, 10m wind speed and directions, 2m temp., soil humidity, soil
wetness and temp.
Three dimensions gridded data for: Wind, temperature, relative humidity and geopotential height and at the standard atmospheric pressure levels: 1000, 850, 700,
500, 400, 300, 250, 200, 150, 100 Hectopascal. Also, Observation data that
contains soundings and surface reports could be included.
Meteorological Data Sources:
According to World Meteorological Organization, there are many regional centers
covering the world each one collects the observed meteorological data from
surrounding countries and resubmit the collected data to global centers which collect
all data of the world and resubmit it to the regional ones.
The Global center in Washington, which is called National Center for Environmental
Predictions (NCEP), continue processing on the global observation and produce
global forecasts covering ten days and make it available on the internet to be used
by regional and local centers for more accurate processing and predictions.
NCEP broadcasts global model outputs as girded data to be used for initial and
boundary conditions by World Area Forecast centers WAFS. The WAFS’s horizontal
resolution is 1.25o in latitude and longitude (at Equator) on 12 standard vertical
pressure levels.
MM5V3 Setup:
MM5V3 is run on 1-way nested regional mod. The resolution of the regional meshe is
30km. The regional modeling domain, Figure 6-3, covers the area from 22 oE to 40o E
longitudes and from 21oN to 35.5 oN latitudes. The vertical resolution is 32 levels
between ground surface and 100HPa (~16km aloft).
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Figure 6-3
MM5V3 Regional Area
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8. Air Quality Model (AERMOD)
AERMOD was developed by the AERMIC (American Meteorological Society
(AMS)/United States Environmental Protection Agency (EPA) Regulatory Model
Improvement Committee), a collaborative working group of scientists from the AMS
and the EPA.[link] The AERMIC was initially formed in 1991 (Table 6-7).
Features and capabilities of AERMOD
Table 6-7
AERMOD Characteristics
Parameter

Description

Model Name

AERMOD

Developed By

AERMIC - (American Meteorological Society (AMS) and United
States Environmental Protection Agency (US EPA)

Model Type

Steady-state Gaussian plume air dispersion model

Range

Up to 50km from the source (open area)

Atmospheric
Stability Model

Planetary boundary layer theory, turbulence scaling concepts

Wind Field

Homogeneous

Release Types

Buoyant or neutrally buoyant plumes

Emission Types

Constant or time-varying, planned or fugitive

Atmospheric
Chemistry

NOX to NO2 and SO2 decay

Source Types

Point, area, volume, open pit, line*, flare*

Meteorology

Hourly surface and upper air data (processed by AERMET)
Minimum Requirements for AERMOD Surface Meteorological
Data File

Terrain

Flat or elevated (terrain processed by AERMAP)

Receptors

Several types of grids (Cartesian, polar) and discrete receptors

Other Options

Building downwash (modeled by BPIP-PRIME)

Regulatory
Status

Preferred US EPA regulatory model for near-field applications
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* Pseudo source types
- AERMOD Has been cleared by the Environmental Protection Agency of the United
States of America to be used for the purposes of environmental impact studies for
industrial plants . It forms one of the most widespread in the world for this purpose.
AERMOD Input Data
The Model require three types of data:
a) Hourly Meteorological data covering the model time span,
Surface File
1)
2)
3)
4)
5)
6)
7)
8)

Year
Month (1 – 12)
Day (1 -31)
Hour (1 – 24)
Sensible heat flux, H (Watts/meter2)
Surface friction velocity, u* (meters/second)
Convective velocity scale, w* (meters/second)
Vertical potential temperature gradient in the 500 m layer above the planetary
boundary layer (K/meter)
9) Convective mixing height, zic (meters)
10) Mechanical mixing height, zim (meters)
11) Monin-Obukhov length, L (meters)
12) Surface roughness length, z0 (meters)
13) Bowen ratio, Bo
14) Albedo, alb
15) Wind speed (meters/second) used in estimating the boundary layer parameters
16) Direction (degrees) the wind is blowing from, corresponding to the wind speed
17) Height at which the wind above was measured (meters)
18) Temperature (degrees Kelvin) used in estimating the boundary layer parameters
19) Height at which the temperature above was measured (meter)

Table 6-8
Sample of Meteorological Surface Data
31.53 N 30.81E VERSION: 6341
1:4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

120101 01

51.8

0.725

1.414

0.008

1964

1964

-663.4

0.05

1

0.3

9.5

242

10

289.7

2

120101 02

58.7

0.726

1.463

0.008

1917

1917

-586.8

0.05

1

0.3

9.5

243

10

289.5

2

120101 03

65.8

0.727

1.497

0.008

1833

1833

-526.0

0.05

1

0.3

9.5

244

10

289.3

2

120101 04

73.4

0.728

1.519

0.008

1717

1717

-473.7

0.05

1

0.3

9.5

243

10

289.0

2

120101 05

81.8

0.729

1.540

0.008

1605

1605

-426.8

0.05

1

0.3

9.5

242

10

288.7

2

120101 06

92.3

0.730

1.562

0.008

1484

1484

-380.2

0.05

1

0.3

9.5

242

10

288.5

2
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Upper Air File
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)

-Year
-Month (1 – 12)
-Day (1 -31)
-Hour (1 – 24)
-Measurement height (meters)
-Top flag = 1, if this is the last (highest) level for this hour ,otherwise 0,
-Direction the wind is blowing from for the current level (degrees)
-Wind speed for the current level (meters/second)
-Temperature at the current level (Celsius)
-Standard deviation of the wind direction fluctuations, (degrees)
-Standard deviation of the vertical wind speed fluctuations, (meters/second)

Table 6-9
Sample of Meteorological Upper Air Data
1:4
120101
120101
120101
120101
120101
120101
120101
120101
120101
120101
120101
120101
120101
120101
120101
120101
120101
120101

01
01
01
02
02
02
03
03
03
04
04
04
05
05
05
06
06
06

5
10
94
142
10
94
142
10
94
142
10
94
142
10
94
142
10
94
142

6
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1

7
242
244
245
243
245
245
244
245
246
243
246
246
242
246
246
242
247
247

8
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

9
16.6
15.1
14.7
16.4
14.9
14.4
16.1
14.6
14.1
15.8
14.2
13.7
15.6
13.9
13.4
15.3
13.5
13.0

10
99
3.2
3.2
99
3.2
3.2
99
3.2
3.2
99
3.2
3.2
99
3.2
3.2
99
3.2
3.2

11
99
0.95
0.95
99
0.95
0.95
99
0.95
0.95
99
0.95
0.95
99
0.95
0.95
99
0.95
0.95

b) Topography Data,
- Type of the surface such as agricultural, water, residential or desert.
- Surface elevation every 100 meters for the area under study .
- Soil type (clay or sandy or rocky), surface color, Albedo and ground moisture.
c) Sources characteristics and dimensions.
- Sources positions and dimensions ( point - volume - line - area ).
- Emission rates, timing and temporal variability.
- pollutant exit temperature, oC
- pollutant exit velocity and flue rates.

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 6- Page 24 of 190

AERMOD Setup
AERMOD has been set up work on the station domain Noth to The Burullos Lake, as
shown in Figure 6-4 for the period 00 2012-01-01 to 23 2014-12-31, 26304 hours,
the grid distance is 50.0m. The Area is covered by 10201 recipient points.
9. Climate summary
The following climate summary data is obtained from the MM5V3 outputs for the
three years (2012: 2014) for the station domain.
Temperature
Table 6-10 and Figure 6-5 show that highest value 31.3oC registered in Jun 2014,
the highest monthly average maximum value 29.4oC in Aug. 2012, the highest
monthly average value 28.6oC in Aug. 2012, the lowest monthly average 16.6 oC in
Jan 2012, lowest monthly average minimum value 15.7oC in Jan 2012 and the
lowest minimum value registered 13.7oC in Feb 2012.
Table 6-10
Temperature Monthly Averages for the Period
(2012: 2014) for the Project Area
Year

2012

2013

2014

month
1
2
3
4
5
6
7
8
9
10
11
12
1
2
3
4
5
6
7
8
9
10
11
12
1
2
3
4
5
6
7
8
9
10
11
12

Max
19.8
19.7
20.6
22.8
25.2
27.1
28.8
30.1
29.3
27.6
25.6
22.0
20.3
21.4
26.3
26.8
26.4
30.7
28.4
29.6
30.2
28.8
28.3
24.1
19.8
19.6
21.7
21.2
30.8
31.3
28.6
30.0
30.1
27.8
25.8
21.7

Ave max
17.4
17.5
17.9
20.1
22.5
25.8
28.2
29.4
28.1
26.4
23.4
20.1
18.4
18.4
19.4
20.1
22.7
25.8
27.6
29.1
28.3
26.2
23.9
19.4
18.5
18.0
18.7
20.0
22.9
26.0
28.0
29.2
28.5
26.1
23.2
20.3

Ave
16.6
16.8
17.2
19.3
21.8
25.0
27.6
28.6
27.3
25.9
22.8
19.4
17.5
17.7
18.3
19.5
22.0
25.1
27.0
28.4
27.7
25.4
23.0
18.5
17.9
17.5
18.0
19.3
21.9
25.2
27.2
28.4
27.7
25.5
22.6
19.6

Ave min
15.7
16.2
16.7
18.7
21.2
24.3
27.0
27.8
26.7
25.3
22.2
18.6
16.8
17.2
17.5
18.9
21.4
24.4
26.4
27.6
27.1
24.8
22.3
17.7
17.4
17.0
17.4
18.8
21.0
24.4
26.5
27.7
27.0
25.0
22.0
19.0

Min
14.2
14.1
13.8
17.3
20.0
23.3
26.2
26.6
25.7
23.6
19.8
16.6
13.7
15.8
16.4
17.3
20.2
23.0
25.2
26.9
25.1
22.8
19.5
14.2
16.0
15.3
15.3
17.6
18.7
22.7
25.0
26.8
25.6
23.5
19.6
17.2
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Figure 6-4
The Squire Receptor Grid
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Figure 6-5
Monthly Temperature Averages for the Period (2012: 2014) for the Project Area
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Humidity:
Relative humidity recorded higher values in November and gradually reduced to the
lowest degrees in the summer months and also change between the hours of the
day and night where recorded lower relative humidity at 12 noon and higher relative
humidity early morning time of 9:00. Maximum average relative humidity values of
99% in November and the average minimum values are 46% in May.
Stability:
Stability Class Frequency Distribution, Figure 6-6 depicts the domination of class D
(Neutral) at 50.8 %. We conclude that the weather does not help to disperse
pollution which may spread in the region and stress on the importance of caution
when creating industrial zones in Southern Egypt.
Wind Rose
Wind rose for the years 2012, 2013 and 2014, depicts the domination of the North
West and West Winds Figure 6-7.
10. Air Dispersion Model Results
Two scenarios have been studded assuming the use of Natural Gas namely:
I- ( GT_NO2) : Running eight Gas Turbines only.
II- ( HR_NO2) : Running eight Gas Turbines then eight HRSGs.
All Concentrations are given in µg/m3
Scenario I, NO2 from Gas Turbine Only (GT-NO2)
In this case we calculate the predicted Maximum concentrations of NO2 in the
ambient air resulting from Eight Gas Turbines burning Natural Gas.
Figures 6-8 (a, b & c) show Maximum NO2 concentration contours for the modeled
area over the three years. Table 6-11 show the 1st 15 Maximum values, distances
and locations referenced to the middle point inside the station area.
The maximum hourly average value is 109.23 at 872 meters, the maximum 24-Hours
average (outside the station fences) is 90.02 at 827 meters and the maximum annual
average is 4.90 at 974 meters.
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Figure 6-6
Stability Class Frequency Distribution
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Figure 6-7
Wind Roses for the Years 2012, 2013 and 2014,
Depicts the Domination of the North West and West Winds
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Table 6-11
Maximum Values, Distances and Locations Scenario I
Maximum Hourly Con.

Maximum Daily Con.

Maximum Annual Con.

NO2

Dis.

x

y

NO2

Dis.

x

y

NO2

Dis.

X

y

1

109.23

872

859

144

90.02

827

802

200

4.90

974

907

-356

2

104.60

873

802

345

83.02

1056

1012

300

4.71

812

707

-400

3

101.18

665

649

144

77.80

1013

1012

45

4.67

1178

1108

-400

4

100.63

1065

1060

100

77.32

610

602

100

4.64

1064

907

-556

5

97.03

1069

1012

345

77.09

802

802

0

4.45

1126

1108

-200

6

95.86

804

802

-56

69.18

1277

1213

400

4.41

927

707

-600

7

91.16

1018

859

545

68.63

1217

1213

100

4.40

920

907

-156

8

88.21

693

602

345

67.16

1129

1012

500

4.33

1260

1108

-600

9

87.70

604

602

-56

65.80

610

602

-100

4.22

1368

1308

-400

10

86.63

930

-659

-656

64.28

896

802

400

4.12

712

506

-500

11

86.53

1017

1012

-100

59.09

401

401

0

4.05

734

707

-200

12

85.21

1261

1261

45

59.09

1353

1213

600

4.04

1439

1308

-600

13

84.14

1249

1213

300

58.48

1421

1413

144

3.97

1181

907

-756

14

83.87

1192

1060

545

58.40

1024

1012

-156

3.93

1323

1308

-200

15

81.21

471

449

144

57.22

1499

1413

500

3.75

1367

1108

-801
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Scenario II, NO2 from Gas Turbine and HRSG (HR_NO2)
In this case we calculate the predicted Maximum concentrations of NO2 in the
ambient air resulting from Eight Gas Turbines and HRSG burning Natural Gas.
Figures 6-9 (a, b & c) show Maximum NO2 concentration contours for the modeled
area over the three years. Table 6-12 show the 1st 15 Maximum values, distances
and locations referenced to the middle point inside the station area.
The maximum hourly average value is 146.47 at 768 meters, the maximum 24-Hours
average is 120.06 at 812 meters and the maximum annual average is 7.88 at 842
meters.
Table 6-12
Maximum Values, Distances and Locations Scenario II
Maximum Hourly Con.
NO2
Dis.
x
y

Maximum Daily Con.
NO2
Dis.
x
y

Maximum Annual Con.
NO2 Dis.
x
y

1
2
3
4
5
6
7
8
9
10
11
12
13
14

146.47
138.47
133.41
132.43
129.78
126.80
121.25
118.75
117.21
114.92
114.57
113.29
113.22
112.82

768
929
714
905
562
1035
827
508
1117
929
981
907
746
1128

707
907
707
754
506
955
-659
506
1108
-611
-869
907
554
955

300
200
100
500
245
400
-500
45
144
-700
-456
0
500
600

120.06
107.63
105.82
102.65
100.98
89.04
88.21
87.58
85.50
85.43
81.56
79.19
75.04
73.77

812
589
1035
761
976
554
1177
905
1173
367
1329
955
761
1157

754
554
955
754
955
554
1012
754
1155
353
1213
955
754
1155

300
200
400
100
200
0
600
500
200
100
545
0
-100
-56

7.88
7.59
7.50
7.34
7.17
7.05
6.98
6.70
6.60
6.58
6.55
6.37
6.29
6.14

842
672
1044
923
909
1110
782
1249
709
1109
567
1312
1036
1206

802
602
1012
802
907
1012
602
1213
707
1108
401
1213
802
1012

-256
-300
-256
-456
-56
-456
-500
-300
-56
-56
-400
-500
-656
-656

15

109.46

1029

754

700

72.94

683

554

400

5.92

1457

1413

-356

II- Summary
Air Quality Dispersion Modeling for
Burullus Combined Cycle Station 4 * (2 * 400MW + 400 MW)
I- (GT_NO2): Running eight Gas Turbines only.
II- (HR_NO2): Running eight Gas Turbines then eight HRSGs.
All Concentrations are given in µg/m3.
Scenario I, NO2 from Gas Turbine Only (GT_NO2)
In this case we calculate the predicted Maximum concentrations of NO2 in the
ambient air resulting from Eight Gas Turbines burning Natural Gas.
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The maximum hourly average value is 109.23 at 872 meters, the maximum 24-Hours
average is 90.02 at 827 meters and the maximum annual average is 4.90 at 974
meters (Table 6-13).

Scenario II, NO2 from Gas Turbine and HRSG (HR_NO2)
In this case we calculate the predicted Maximum concentrations of NO2 in the
ambient air resulting from Eight Gas Turbines and HRSG burning Natural Gas.
The maximum hourly average value is 146.47 at 768 meters, the maximum 24-Hours
average is 120.06 at 812 meters and the maximum annual average is 7.88 at 842
meters (Table 6-13).
Table 6-13
Summary of Dispersion Modeling
NO2

Max. Hourly
Ave.

Max. 24-Hours
Ave

Max. Annual
Ave.

109.23

90.02

4.90

146.47

120.06

7.88

300

150

60

Gas Turbine
( GT_NO2)
Gas Turbine and
HRSG
( HR_NO2 )
EEPM guidelines

The air modeling predicts that the emissions guided by Business as usual mode will
comply with the Egyptian Environment Protection Measure (EEPM) guidelines.
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Figure 6-8(a)
Maximum Hourly Average Concentration from Gas Turbine Only
(GT – NO2)
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Figure 6-8(b)
Maximum 24- Hour Average Concentration from Gas Turbine Only
(GT – NO2)
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Figure 6-8(c)
Maximum Annual Average Concentration from Gas Turbine Only
(GT – NO2)
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Figure 6-9(a)
Maximum Hourly Average Concentration for NO2 from Gas Turbine and HRSG
(HR – NO2)
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Figure 6-9(b)
Maximum 24- Hour Average Concentration for NO2 from
Gas Turbine and HRSG (HR – NO2)
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Figure 6-9(c)
Maximum Annual Average Concentration NO2 from
Gas Turbine and HRSG (HR – NO2)
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Air Monitoring Siting Study
Tables 6-16 and 6-17 give, the 1-hour and 24-hour maximum impact areas due to
the operation of the proposed new units.
The 1-hour maximum impact areas from the new proposed Units for the highest
scenario of the Burullus power project occurred to the North east of the plant at the
edge of the polar grid at 768 m from the origin of the modeling grid network (Table 617). The results further indicated that the maximum impact area from the Units for
each of the three years considered all occurred between 0.76 km and 0.81 km within
50-60 degrees from the North to the East. The majority of the 24-hour maximum
impact areas occurred to the Northeast of the plant at distances between 800 m and
815 m. The 24-hour maximum impact area occurred to the Northeast of the plant at
a distance of 812 m from the origin of the modeling grid network (Table 6-17).
Monitoring stations should be located in areas of maximum impact levels. In
addition, the maximum impact areas for the 1-hour average for the whole Units occur
at distances of at least 0.76 km away to the Northeast of the stacks origin point.
This would not cause any difficulties and hardships in terms of facility, security,
program management, and power supply. Also, the 1-hour maximum levels for the
second alternative of operation, which is close to the first alternative in terms of
concentrations value occur at around 872 m to the Northeast of the stacks origin
point. Due to the close proximity and highest concentration values, the areas with 1hour and 24-hour maximum impact levels indicated in Figure 6-10 are ideal for
monitoring stations. Therefore it is recommended that a monitoring station be
located within the contours for the 1-hour maximum impact level of alternative (2)
and the annual maximum impact level of alternative (2), too.
In order to measure the potential maximum impact from the proposed new sources,
the NO2 monitoring stations are to be installed at shaded areas as suggested in
Figure 6-10.
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Figure 6-13
Maximum Impact Areas where
Monitoring Shelters are to be Located
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Table 6-14
Egyptian Ambient Air Quality Limits, Law #4/ Law 9/2009 ( g/m3)
(Annex-5 to the Exec. Regulations, Prime Minister's Decree No. 710 for the year 2012)
Averaging
Time
1-hour

SO2

CO

NO2

TSP

PM10

350

30,000

300(2)

N/A

N/A

10,000

N/A

N/A

N/A

N/A

(1)

24-hour

150

(2)

Annual

60(2)

8-hour

(2)

N/A

150

N/A

80(2)

230

(2)

150(2)

125(2)

70(2)

Notes:
(1)

N/A = Not Available.

(2)

Industrial areas.

Table 6-15
Mutubas Background Air Quality Levels (1) ( g/m3)
(as per the National Research Center Measurements, July 2015)
Averaging

SO2

CO

NO2

TSP

PM10

1-hour

2.55

N/A

2.55

N/A

N/A

8-hour

N/A(2)

0.19(3)

N/A

N/A

N/A

24-hour

1.02

N/A

1.02

47.75

10.04

Annual

0.20

N/A

0.20

9.55

2.01

Time

Notes:
(1) Reference: Air Pollution Preclusion Unit, National Research Center; Cairo, August 2008.
(2) N/A = Not Available
(3) Measured in mg.
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Table 6-16
Burullus Modeling Results ( g/m3), Normal Operation
Scenario I, NO2 from Gas Turbines Only (GT-NO2)
(Stack Height = 60 m)
Pollutant
Period (1)

NO2
1-Hour Average

NO2
24-Hour Average

NO2
Annual Average

Max. Value
Receptor Location
Background (3)
Total

109.23
(859m, 144m)
2.55
111.78
300

90.02
(802m, 200m)
1.02
91.04
150

4.90
(907m, -356m)
0.20
5.1
80

Egyptian Limit
Notes:

(1) The 2012 to 2014meteorological data were used as a projection to predict the air quality impact for the
proposed units.
(2) Receptor Location = Cartesian coordinates in meters.
(3) As per the E2RC/TIMS Measurements in July 2015.
(4) N/A = Not Available.

Table 6-13
Burullus Modeling Results ( g/m3), Normal Operation –
Scenario II, NO2 from Gas Turbines with HRSGs (HR-NO2)
(Stack Height = 60 m)
Pollutant

NO2

NO2

NO2

1-Hour Average

24-Hour Average

Annual Average

Max. Value

146.47

120.06

7.88

Receptor Location
Background (3)
Total
Egyptian Limit
Notes:

(754m, 300m)
2.55
149.02
300

(812m, 300m)
1.02
121.08
150

(802m, -256m)
0.20
8.08
80

Period

(1)

(1) The 2012 to 2014 meteorological data were used as a projection to predict the air quality impact for the
proposed units.
(2) Receptor Location = Cartesian coordinates in meters.
(3) As per the E2RC/TIMS Measurements in July 2015.
(4) N/A = Not Available.
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As can be seen from the Tables, whichever standard is selected, the additional
concentrations are a relatively partial fraction of the value required to equal that
which would cause an exceedence, even allowing for the existing concentrations.
Accordingly, no waiver offset regarding the airshed will be required.
Mitigation Measures
On the basis of the dispersion modeling results, no further mitigation measures are
required to reduce stack emissions (i.e. beyond the use of natural gas and low-NOx
combustors). The stack height (60 meters) has been designed to reduce pollutant air
concentrations and optimize atmospheric dilution of the stack plume and is more
than adequate for this purpose.
Conclusion
Although these concentrations of pollutants have been established for the worst
case operating conditions of the plant (continuous operation of the two gas turbines
at full load and 75% load) using the primary fuel, they still remain below the Egyptian
requirements and the World Bank guidelines corresponding to the air quality
standards. Their addition to the existing background concentrations will not cause
these standards and guidelines to be exceeded. The plant will have no significant
impact on the ambient air quality.
6.2.6 Fugitive Emissions from Fuel Storage Tanks
There will be two principal fixed-roof fuel storage tanks on the power plant site for
storage of light fuel oil. Fugitive emissions from fixed-roof tanks may occur as a
result of evaporation of the liquid fuel into the space between the roof and the liquid
surface. This vapor may be emitted to the atmosphere through vents during the tank
filling process. However, since the fuel oil consists of low volatility liquid and the
tanks will only be filled infrequently (as this fuel will only be used if natural gas is
unavailable), the potential for significant releases through venting of the tanks is
limited and therefore the potential to cause odor nuisance is not considered to be
significant.
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6.3

AQUATIC ENVIRONMENT

6.3.1 Introduction
This section considers the significance of potential impacts to the aquatic
environment from the construction and operation of the Burullus power project. The
section is based on design work undertaken by AMG and preliminary hydraulics
study work undertaken by SIEMENS and preliminary hydraulics study work
undertaken by the IMSF.
6.3.2 Potential Construction Impacts
The potential impacts on the aquatic environment during construction are likely to
occur as a result of:
laying of pipes across the sea shoreline;
dredging process for the intake and outfall structures;
construction of the inlet and discharge structures;
natural surface drainage of contaminants and sediments (if any) ; and
discharge of solid wastes and industrial liquid effluents into the sea.
The potential impacts that can be anticipated as a result of these activities are
summarized in Table 6-18 below.
Table 6-18
Summary of Potential Construction Impacts on the Aquatic Environment
Activity
Dredging

Construction of
discharge and intake
structures

Potential Impacts
Elevated suspended sediment levels.
Elevated concentrations of pollutants released from sediments
into water column.
Loss of aquatic habitat.
Disturbance to benthic animals.
Disturbance to mobile animals including fish and birds.
Disturbance due to disposal of dredged materials.
Disturbance to fishing.
Navigational constraints.
Discharge of effluents to the sea.
Permanent loss of aquatic habitat.
Navigational constraints.
Disturbance to fishing.
Elevated suspended sediment levels.
Alteration of sediment transport regime.
Disturbance to birds.
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Table 6-18 (Contd.)
Summary of Potential Construction Impacts on the Aquatic Environment
Activity
Surface water runoff

Construction of
pipeline across
shoreline

Potential Impacts
Elevated suspended sediment levels.
Oily water effluent discharge.
Elevated concentrations of pollutants released from sediments
into water column.
Temporary disturbance to shoreline habitat.
Elevated suspended sediment levels.
Elevated concentrations of pollutants released from sediments
into water column.
Disturbance to birds.

Physical Aquagraphy
The construction methodology for the discharge and intake structures remains to be
defined. Dredging will however, be required for both the intake and discharge
structures. This is likely to result in very local alteration of the prevailing currents
immediately adjacent to the dredging works. This in turn will result in some local and
limited changes to scouring and deposition rates adjacent to the dredging works.
The impacts identified are considered acceptable and no mitigation measures are
proposed. The construction method for the intake and discharge structures will
include an acceptable operational procedure which will minimize the impacts from
dredging and construction on sedimentation. This should be included in any contract
which Burullus Project Company commission.
During construction, arisings from the dredging process will be disposed of on the
existing site of the power plant or via a licensed contractor. No special permit is
required and no significant impacts are anticipated.
Water Quality and Effluents
Construction activities could potentially also result in the release of solid wastes and
effluents to the Burullus shoreline segment or ground water. This should be limited
to a minimum by using the best construction techniques. A stormwater collection
system, which is discussed in more detail in Section 6.7.3, will be provided that will
include oil interceptors. Sanitary effluents will be disposed of via the plant sewer
treatment system and/or licensed contractors. Solid wastes will be disposed of by a
licensed contractor.
Aquatic Ecology
There are number of impacts associated with the construction of the intake and
discharge structures:
_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 6- Page 47 of 190

temporary loss of shoreline habitat;
permanent loss of aquatic habitat;
new shoreline surface habitat will be generated due to the material used in
the construction of the intake and discharge structures and will be colonized
by algae and organisms and may encourage fish species; and
disturbance of benthic and mobile fauna and flora as a result of settlement of
suspended sediments through interference with feeding mechanisms, gills
and reduction of photosynthetic activity.
With regard to the loss and disturbance to benthic fauna and flora the following
should be noted:
the area where losses may occur is relatively small in the context of the
Mediterranean Sea, the construction of the cooling water structures will
disturb a very limited area. The sensitivity of the benthos in this area is low,
since much of the seabed being degraded with poor biodiversity;
much of the losses are temporary in nature and it can be expected that
dredged sediments will be re-colonized within a relatively small period; and
field survey information did not identify any fauna, flora or habitats of
conservation importance.
The impacts of the power plant on birds is discussed in Section 6.5.
Fish and Fisheries
The impacts on fish and commercial fisheries are expected to include the short term
and local effects due to elevated concentrations of suspended sediments and
pollutants in the water column. The natural dilution and dispersion in the area of
construction will ensure that the suspended sediment load and elevated pollutant
levels are rapidly reduced to background levels. The survey of the project indicated
that the area was limited in fish populations.
In addition to suspended sediment and pollutant loads there may be physical
disruption to fishing activity due to dredging. However, given that the area adjacent
to the power plant is currently limited as used for commercial or artisanal fishing, the
overall impact is not considered significant.
The impacts identified relating to water quality are considered not significant and no
mitigation measures are proposed.
With regard to the sea shoreline birds, construction activities will not cross landflats
from the sea shoreline to the steam turbine condenser during laying of water intake
_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 6- Page 48 of 190

and discharge pipes. The sea shoreline and landflats affected will however be
restored between the site perimeter and the Mediterranean Sea, using material
which has been excavated. Significant impacts to birds in this area are therefore
considered unlikely (see Section 6.5).
Access to Sea Shoreline
The area of the Mediterranean Sea shoreline affected by the construction of the
cross shoreline pipelines and discharge / intake structures is not currently used for
leisure or recreation. The construction activities are not therefore expected to affect
the Mediterranean Sea shoreline access.

6.3.3 Evaluation of Potential Construction Impacts
Construction of the Service Water Infrastructure
The service and very limited cooling water quantity for wet cooling towers system will
be abstracted from, and discharged to, the Mediterranean Sea through offshore
intake/outfall and buried pipes. The pipes will be additionally protected by a layer of
riprap. Construction of these structures will therefore require trenching and
backfilling as well as rock dumping.
The principal impacts of this activity will be as follows:
Disturbance of a limited area of seabed will occur along the pipe alignments. The
disturbed area will be approximately 0.7 ha for the intake and approximately 1.6
ha for the outfall. Given that the benthic fauna is impoverished in the area, this
will not constitute a significant impact. Furthermore, it is understood that the
seabed is relatively mobile and prone to natural seasonal disturbances. The
biological community will therefore be pre-adapted to mechanical perturbations
and is likely to recover rapidly once construction is completed.
Seabed sediments will be re-suspended during trenching, locally increasing
turbidity and possibly re-mobilising sediment associated contaminants. The
sediments in the region are, however, predominantly sandy. This will not only
reduce the time of suspension but also suggests that significant chemical
remobilisation is unlikely, as pollutants are generally associated with the finer
sediment fractions. In any event, the limited duration and areal extent of
trenching means that any sediment re-suspension will be minor and transient.
Resettlement of suspended sediment, backfilling of the trench and rock dumping
will smother approximately 1.1 ha of seabed, as the width of the riprap will be 32
m. As previously stated, the absence of a rich benthic fauna indicates that no
significant marine ecological impacts will occur.
The intake velocity cap and chlorination structure is planned to be prefabricated and
installed by barge mounted crane, which will avoid the need for in-situ casting which
might otherwise result in the release of cement into the sea with subsequent
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toxicological impacts on flora and fauna. The intake velocity of the water combined
with the chlorination of the pipe should serve to minimise biofouling (see Section
6.3.5), removing the need for additional antifouling coatings which, by their very
nature, are toxic.
To minimise the potential for impacts on the marine environment during the
construction of the intake and outfall pipes, the following mitigation measures will be
undertaken: :
construction works in the marine environment will be undertaken in consultation
with the CAA and will be designed to minimise the area affected by the works,
duration of construction and potential disturbance of the coastline, seabed and
benthic communities;
following construction, intertidal areas which were affected will be reinstated in a
manner which encourages the restoration of benthic communities;
dredging of material and sea disposal will be carried out under the conditions
agreed with the CAA, and licensed spoil disposal and borrow areas will be used;
construction methods in the marine environment will be agreed with the CAA
prior to the development of the cooling system.
Due to the ability of the sea bed to rapidly cover post-disturbance, the effects of the
construction are predicted to be short-term and of minor significance.
Construction of the Power Plant
There are no surface water resources present on, or immediately adjacent to, the
site, therefore there will be no direct impacts from landtake and the pollution risk
from construction is low. The potential sources of impact on the aquatic environment
during construction are as follows:
Alteration of drainage and changes in volumes and flow rates of runoff. Alteration
of drainage will be due to compaction of soil and increased hardstanding areas.
This will reduce infiltration and increase runoff. In addition, existing drainage
patterns may be altered.
Discharge of potentially contaminated construction site drainage may occur,
including from vehicle washing, refuelling areas, etc.
Dust from construction may be deposited in local watercourses.
The construction of the power plant will include a range of mitigation measures
designed to prevent or minimize the above, as follows:
As part of the site preparation and preliminary works, a temporary, engineered
drainage system will be provided to collect and contain the construction site
drainage. The drainage system will provide the opportunity to control the volume,
rate and timing of the discharge, and incorporate the ability to monitor the
drainage prior to discharge.
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Suspended solids and oil interceptors, such as settling lagoons or oil/water
separators, will be installed for the removal of pollutants from site drainage and
for the retention and containment of any accidental contamination of the site
drainage.
Fuel and other permanent liquid chemical storage tanks will be protected by
bund walls to give a containment capacity of at least 110% of the tank volume.
Temporary storage areas will be bunded by soil to give a containment capacity of
at least 110% of the storage capacity.
Fixed refuelling areas will be equipped with contained drainage systems and, if
appropriate, designated oil interceptors.
A storm water pond or similar measures will be provided to hold and balance
flows during periods of high rainfall, allowing discharge to be made without
increasing flood risks.
All solid waste management practices, such as storage of spoil, will be
undertaken with the incorporation of good house-keeping to prevent accidental
release of dust or uncontrolled run-off.
Dust suppression measures will be employed as set out in Section 6.2.2
Sanitary wastewater, comprising sewage and washing water generated by the
construction workforce, will be disposed through one of two routes:

chemical toilet or septic tank sanitary systems will be used, with the
sewage being removed by contractors for off-site disposal;
sewage and washing effluent will be discharged to the local sewer
system.
Due to the absence of watercourses immediately on or surrounding the site
the sensitivity of surface water receptors to pollution is low. This low
sensitivity, in association with the inclusion of the above mitigation measures,
means that no adverse impacts on local surface water resources will occur.
6.3.4 Potential Impacts During Power Plant Operation
The potential impact of the power plant on the marine environment could be the
result of:
the presence of new structures;
the temperature of effluents discharged into the Mediterranean Burullus
project segment; and
the chemical composition of effluents discharged.
The potential impacts related to the operation of the power plant are summarized in
Table 6-19 and are discussed in further detail below.
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Table 6-19
Operation Related Environmental Impacts
Issue
Presence of new
structures

Discharge

Intake

Impacts
Sediment scour.
Disruption to sediment transport along sea shoreline.
Navigational constraints.
Fisheries constraints.
Impact of elevated temperatures on water quality and aquatic
ecology (oxygen saturation in particular).
Discharge of chemicals.
Entrainment of fish and mobile organisms.

Physical Aquagraphy
The presence of the intake and discharge structures will result in local changes to
the current regime and attendant small-scale changes in scouring and deposition.
The intake and discharge design consist of buried pipes out to an intake structure
approximately 350 m from the shore and a discharge structure approximately 500 m
from the shore. This design is expected to result in a minimum change in shoreline
sediment dynamics.
Impacts on littoral drift anticipated to be minimal. A permit is required from the
Egyptian Shoreline Protection Authority before the structures are constructed.
Physical aquagraphy has been investigated by the IMSF. This work indicates that
the impacts identified are however considered to be minor.
Therefore no mitigation measures are proposed.
Impact of Operational Discharge on Water Temperature
The discharge of a very limited quantity of treated waste water with temperature
increase of around 7oC above ambient will not result in any significant impact on the
marine environment due to rapid dilution of temperature in a very limited trajectory
length. The very limited water quantity discharged to the sea will very much limit the
impact of warm water. Mixing zone in this case will be attached for 3oC above
ambient at less than 100 m.
The Egyptian standards for discharge-warm water are that the discharge be
< 10°C at the point of discharges. Day-to-day practice in Egypt, also considers
maximum distance to have mixed and diluted to fall to 3°C above ambient at
150 m. The World Bank guidelines state that the discharge should result in a
temperature of no more than 3°C above ambient conditions at the edge of the zone
where initial mixing and dilution take place. Where this zone is not defined, 100 m
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from the point of discharge is used when there are no sensitive aquatic ecosystems
within this-distance.
The edge of the mixing zone has been stated by HRI to be 150 m from the point of
discharge. This definition is conventionally used in Egypt and refers to standard
assumptions made about the mixing and dilution of effluent discharges in a body of
water.
Hydrodynamic Marine Processes
In the present study, sediment transport rate Qs was calculated by Delft3D model
based on Van Rijn equation. The calculated mean value ranges from 126,144 to
151, 372 m3/yr. This rate is much smaller than those estimated in other regions in
the Nile delta. For comparison, the average drift rates at Rosetta, Burullus and
Damietta coastlines are 3.21x106, 1.48x106, 1.8x106, respectively (Badr and Lotfy,
1999). These higher rates reflect the severe erosion taking place at these localities.
In this respect, the lower rates estimated at the study area can be explained based
on the interaction between direction of wave approach and shoreline orientation.
Delft3D mathematical model
Mathematical modeling is a process of representing real world problems in
mathematical terms in an attempt to find solutions to the problems with the help of
simulation software. A two dimensional horizontal model (2DHM) has been
developed in this study using Delft3D Software Package of Deltares to simulate the
hydrodynamic processes (wave-current interaction) and assessing morphological
changes in the seabed and adjacent beaches that may induced after the
construction of the power plant coastal facilities. The longshore sediment transport
was also computed with the model using Van Rijn Formula.
In a general overview, the main features in this coastal hydrodynamics model are the
waves generated and propagated from deep water to the shallower area across the
surf zone where waves dissipate. As these waves travel from deep waters into
shallower regions, they become more non-linear and dissipative, transferring energy
from the peak of the spectrum to higher and lower frequencies. Eventually, the
proximity of the sea bottom will induce the breaking of the waves, and generating
different types of currents, which may extend beyond the surf zone.
Model grids
The computational model grids were structured in order to focus on the project
layout site at a high resolution scale. This enables a good representation of the
shoreline and bathymetric features in the vicinity of the study area. The model grids
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with medium and higher resolution were developed within this broadest, as
described below for the WAVE and FLOW computational grids:
Flow grid
The hydrodynamic computational model grids used herein are presented in Figure 611. The resolution of the model grid varies between 20 m at the model open
boundaries to 8 m - 10 m, locally at the area of interest. All open boundaries of the
FLOW model were specified as water level boundaries and whose forcing function
was defined as a harmonic series representing a schematized tidal function.
Wave grid
For wave computations two model grids were developed; the first grid consists of a
large grid designed to cover the overall area up to the deep water (150m x 150m),
where the effect of sea-bed on wave characteristics is relatively small. The higher
resolution in that area is not needed so that to minimize the total simulation time.
This grid size (150m x 150m) is suitable for the wave grid calculations in deep water.
The second grid is a fine grid (50m x 50m), which covered only the project area. The
higher resolution in the vicinity of the project site is to increase the accuracy of the
model results. These two grids are used to simulate the wave propagation in the
study area and named as computational wave grids, where the small grid is nested
in the large grid for the computations inside the wave module. Figure 6-12 shows the
computational wave model grids, the coarsest grid (blue) and the fine wave grid
(red). During the model run, the wave model receives updated bathymetry data from
the hydrodynamic model which computes sedimentation and erosion in response to
waves and currents.
To simulate the evolution of random, short-crested wind-generated waves the thirdgeneration SWAN model was used in Delft3D wave module. SWAN model computes
the evolution of random, short-crested waves in coastal regions with deep,
intermediate and shallow water and ambient currents. The computational wave grid
is the spatial grid on which SWAN solves the wave action balance equation.
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Figure 6-11
Flow Model Computational Grids of the Project Area
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Figure 6-12
Computational Grids (the Overall and the Nested Grid)
of the Wave Model of the Project Area
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Model inputs
The input data used for running the Delft3D model incorporates the following:
The high-resolution bathymetry grids surveyed recently in this study. The
bathymetry map incorporates the recent shoreline position of July 2015 and
the layout design of the proposed water intake and outfall structures of the
power plant under consideration.
An offshore wave data were used in SWAN module in Delft3D model at 150 m
water depth in front of the Nile delta (provided by the client). This wave data
(spanning 10 years from 1996 to 2005) were originally calculated from wind
data covering the same period. The wave data used in the model has been
successfully validated with other wave data measured off the Nile delta which
has been published by Nafaa et al. (1991) and Fanos et al. (1995). Based on
the analysis of relationship between wave approach and average shoreline
orientation, discussed earlier in this chapter, waves arrive from the WNW
NW, NE, N, NNE and NE sectors were chosen for running the model.
Grain size distributions of beach and seabed samples.
Tidal levels (water level boundary) were consulted from the study of El Kolfat
(2004), in which tidal characteristic were statistically analyzed using an
automatic recorder installed at the Burullus lagoon inlet at about 16 km east
of the study site. The daily measurements in that analysis span two years
from January 2001 to December 2002.
These water levels are as follows:
Highest Astronomical Tide (HAT)
=
(+0.50 m CD)
Mean High Water Spring (MHWS)
=
(+0.40 m CD)
Mean High Water Neap (MHWN)
=
(+0.30 m CD)
Mean Sea Level (MSL)
=
(+0.30 m CD)
Mean Low Water Neap
=
(+0.30 m CD)
Mean Low Water Spring (MLWS)
=
(+0.20 m CD)
Model calibration
Model calibration is the process of adjusting the model to obtain a model
representation of the processes of interest so that the model can be used in an
accurate and exact way. In the present study the model calibration is mainly focused
on model representation of amplitudes and their corresponding phases for the most
effective tidal constituents acting in the area. This can be assessed by comparing
between the modeled and observed tidal amplitudes and related phases.
Improvement of such comparison can be undertaken by carrying out corrections to
the tidal model boundaries.
As measured water levels data are seasonally affected by the meteorological
effects , such as wind and atmospheric pressures, their effects are not considered
in the model calculations. This explains the small differences observed between the
modeled water levels and the prototype measured data shown in Figure 6-13. As
seen in this Figure comparison between the modeled and observed water levels is
accurately matched well. This in turn indicates that the model is well-suited to

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 6- Page 57 of 190

0

-0.1

-0.2

-0.3

Water Level (m)

resolve tidal water level variability and ensuing tidal flows contributed to the
estimated currents.
Figure 6-13
Comparison between Computed and Measured Water Levels
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Perform simulation runs
In general, simulations were performed to facilitate our understanding and
management of the coastal system and to predict the effect of changes to that
system resulted from the interaction of the power plant coastal structures (intake and
outfall) and driving hydrodynamic forces. The adjusted model has been run under
two wave assumptions; direction of the incoming waves and their corresponding
wave heights.
The following model outputs were obtained:
1. Simulated wave and current patterns under the effect of wave components
responsible for generating longshore currents.
2. Predicted shoreline stability by means of assessing shoreline and seabed
changes due to construction of the power plant coastal structures, the intake
and outfall.
3. Calculated mean littoral drift rate at the study coastline.
Spatial distribution of nearshore waves
Waves play an important role in the sedimentary transport when approaching the
coast at an angle, particularly in the surf zone. As waves approach the coast,
orthogonal features generated are strongly modified by the combined effects of
bathymetric configuration, refraction, shoaling, breaking and diffraction. These wave
orthogonal changes result in energy dissipation or by an energy concentration.
In this study, the spatial distribution of waves and currents off the study area was
calculated using Delft3D mathematical model. To be in fair wave climate, simulation
of waves was performed under two different incident wave conditions; wave direction
inducing effective longshore currents and wave heights of different energy levels
(low, moderate and extreme-energy conditions). These wave conditions are:
The wave components responsible for transporting sediment in the study
littoral system which have been discussed in this chapter. These waves arrive
from the WNW, NW, NE, NNW, N, NNE and NE sectors. As previously
mentioned, wave data were calculated from wind recorders measured off the
Nile delta for 10 years from 1996 to 2005.
In view of wave energy, significant wave heights (Hs) used in the model are:
<0.5 m (low-energy condition), 1.75-2.25 m (moderate-energy condition), and
>4.0 m (extreme condition).
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The results obtained from the numerical model “Delft3D” for the distribution of waves
capable to generate longshore currents (WNW, NW, NE, NNW, N, NNE and NE)
are shown in Figure 6-14. The small arrows indicate direction of wave at grid points
and the large arrows denote the overall directional trend of wave pattern. The color
gradation across the study area refers to magnitude of wave heights which in turn is
a good indicator of energy levels.
As noticed in Figure 6-12, wave heights are more vanished nearby the study
coastline due to the shoaling or wave dissipation effects. In turn, this explains that
the coastal intake and outfall structures proposed to be built within the surfzone at
maximum depth of ~1.50 m would have insignificant effects on waves reaching this
depth zone.
Due to the seabed shoaling wave heights approaching the area from all sectors
(WNW NW, NE, N, NNE and NE) undergo slight changes when crossing the
surfzone to the beach. In the surfzone, waves break on the beach shoreface with a
significant height ranging between 0.8 and 0.5 m. As the waves travel from deep
water to the shore their height becomes appreciable shorter as they approach and
enter shallow water. Their effect on the bottom sediments becomes also greater as
they approach the shore. Due to the existence of sand bars wave heights undergo
slight changes when crossing these bars to the beach. Further landward, waves
break on the beach shore-face with a small significant height ranging between 0.1
and 0.5m.
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Figure 6-14
Simulated Wave Patterns for the WNW Wave Component
[(A) Hs <0.5m, (B) Hs 1.75-2.25 m, and (C) Hs >4.0 m]. Small arrows indicate direction of
waves estimated at grid points and the white large arrows denote overall wave trend
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Figure 6-14 (Contd.)
Simulated Wave Patterns for the NW Wave Component
[(A) Hs <0.5m, (B) Hs 1.75-2.25 m, and (C) Hs > 4.0 m]
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Figure 6-14 (Contd.)
Simulated Wave Patterns for the NW Wave Component
[(A) Hs <0.5m, (B) Hs 1.75-2.25 m, and (C) Hs > 4.0 m]
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Figure 6-14 (Contd.)
Simulated Wave Patterns for the NW Wave Component
[(A) Hs <0.5m, (B) Hs 1.75-2.25 m, and (C) Hs > 4.0 m]

This wave pattern indicates that the N waves
are not effective to generate longshore current
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Figure 6-14 (Contd.)
Simulated Wave Patterns for the NNE Wave Component
[(A) Hs <0.5m, and (B) Hs 1.75-2.25 m]
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Figure 6-14 (Contd.)
Simulated Wave Patterns for the NE Wave Component
[(A) Hs <0.5m, and (B) Hs 1.75-2.25 m]
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Spatial distribution of wave-induced currents
The Delft2D model through Delft3D software package was used in this study to
compute the wave-induced currents that result when wave breaks and decay in the
surf zone. In general, such breaking induces currents in the longshore and crossshore directions with resulting changes in the shoreline morphology. As the study
area is a wave dominated coastline, these currents play a major role in the
movement of sediment in the littoral zone of the power plant under consideration.
Due to the seasonal variability of wave climate, the NW and NE wave components
have been chosen among other directions to simulate the easterly and westerly
directed longshore currents along the study coastline, respectively. Compared to
other directions, the acute angle of incidence wave approach of these components
= 45o with respect to the normal to the coastline) versus shoreline orientation
allow the generation of high longshore currents. According to the classification of
Mangor (2001), such angle ( = 45o) can produce much higher sediment drift along
the coastline.
Under such conditions, simulation was carried out using the NW wave component
(Hs < 0.5m, 1.75-2.25 m and > 4.0 m with Ts = 3.5 sec) and the NE wave (Hs Hs <
0.5 m, 1.75-2.25 m with Ts = 3.5 sec ). These particular wave heights are much
frequently distributed in the wave data set used in running the model. Results of
such simulation are illustrated in Figure 6-15, for both the pre-and post-construction
phases. Comparison between these two phases helps to determine possible impacts
of the planned coastal structures on the longshore patterns and thereby changes in
the coastline morphology.
As seen in Figure 6-15 A-C, the predominant wave approach from the NW sector is
responsible for generating the eastward-flowing longshore currents, whereas the
smaller portion of waves coming from the NE sector produces the reversed
longshore currents toward the west (Figure 6-15 D-E). In general longshore current
is almost eastward unidirectional all year with a significant westward reversal, but
with an easterly net transport. The simulated current directions, both the easterly
and westerly-directed currents, are generally consistent with long-term data
published by Shereet (1990).
Of more immediate concern is the block-movements of the longshore currents by the
intake jetties and outfall riprap structures as inferred from the sudden decrees in
current speed down drift of these structures (see zoom view in Figure 6-15 A-E).
This process in turn might create up-drift accretion and down-drift erosion ,
respectively, to the west and east of the these structures due to blocking of
sediment transported by wave-induced currents, mostly generated from the NW
direction. The erosion and accretion impacts resulted from the power-plant coastal
structures on shoreline morphology will be discussed in the next coming sections.
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Figure 6-15(A)
Simulated Eastward-Flowing Longshore Currents
Induced from the NW Wave Component
(Hs < 0.5m & Ts = 3.5 sec). Small arrows denote current direction and graded colors refer to current
speed. The general longshore direction is indicated by large arrows. Red arrow in the wave rose
denotes effective wave direction responsible for generating longshore currents. As seen in the
zoomed figures the longshore current patterns might be disrupted by the water intake and outfall
structures of the new power plant, and thereby is likely be affected by local erosion
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Figure 6-15(B)
Simulated Eastward-Directed Longshore Currents Induced from
the NW Wave Component (Hs 1.75-2.25 m & Ts = 4.2 sec)
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Figure 6-15(C)
Simulated Eastward-directed Longshore Currents Induced from the Reversed
NW Wave Component (Hs > 4.0 m & Ts = 7.5 sec)
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Figure 6-15 (D)
Simulated Westward-directed Longshore Currents Induced from the Reversed
NE Wave Component (Hs < 0.5m & Ts = 3.5 sec)
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Figure 6-15 (E)
Simulated Westward-directed Longshore Currents Induced from the Reversed
NE Wave Component (Hs 1.75-2.25 m & Ts = 4.2 sec)
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Temporal variations in sea water-level (Tidal characteristics)
Tides are commonly defined as the periodic variations in sea level that occur as a result of
the gravitational forces of the Sun and the Moon. Tides are a planetary phenomenon,
caused by the gravitational attraction of other planetary bodies on Earth, namely the Sun
and the Moon. The force of this attraction creates a very predictable rise and fall of sea
level as the Earth rotates on its axis. When sea level is at its greatest height, the tide is
said to be high. When sea level is at its lowest extent, the tide is said to be low. High tides
bring water far up on the shore.
The variation in sea-level is divided into two types: astronomical tide and meteorological
tide. The astronomical tide is generated by the combined gravitational affect of the moon
and sun acting upon large bodies of water. The rotation of the earth and the predictable
movement of the sun and the planets govern the tide (Mangor, 2001). The forces of the
moon and sun combine to increase tidal range, termed spring tide High-high water-level
(HHWL). This exceptional tide occurs when there is an alignment of the Earth, Moon, and
Sun (which produces all spring tides) and the Moon is located at its closest approach to the
Earth in its elliptical orbit, (Komar and Holman, 1986). The meteorological tide, also
referred to as “surge”, is generated by variations in atmospheric pressure and the resultant
wind system.
The coastline within the study area is classified as micro-tidal semi-diurnal tides i.e. there
are approximately two equal highs and low water levels daily. Sea water level changes
have been measured by El Kolfat (2004) using an automatic recorder installed at the
Burullus inlet. The daily recorders are related to a zero datum level of the Survey Authority.
The measurements were recorded for two years from January 2001 to December 2002.
The maximum water level recorded is 73cm above the zero datum. Mean and maximum
tidal ranges are 60.8 and 75.0cm, respectively. Other related tidal parameters (in
centimeters) are reported as summarized in Table 6-18.
During the current oceanographic survey, water level variations were measured every 30
minutes at the study area using a gradated staff. These readings are corrected from
records measured at a tide gauge nearby the study area.
Table 6-18. Parameters of water level changes at the Burullus inlet from January 2001 to
December 2002 (El Kolfat, 2004). Values are in centimeters.
HHWL LHWL
73.0
72.0

LLWL
2.0

Mean Tidal Range
60.8

HLWL
6.0

MHHWL
47.23

MLHWL
44.52

MLLWL MHLWL
28.68
32.09

MWL
38.13

Maximum Tidal
Range
75.0
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Where:
HHWL = High-high water-level (higher spring tide)
LHWL = Low-high water-level (minimum spring tide low)
LLWL = Low-low water-level (lower neap tide)
HLWL = High-low water-level (maximum neap tide high)
MHHWL = Mean high-high water-level (average spring tide high)
MLHWL = Mean low-high water-level (average spring tide low)
MLLWL = Mean low-low water-level (average neap tide low)
MHLWL = Mean high-low water-level (average neap tide high)
MWL = Mean water-level
Mean Tidal Range = MHLWL - MLLWL
Maximum Tidal Range = HHWL- LLWL

Although the study area is a microtidal environment, storm surges in association with
spring tides (high tides) raise water levels by 60cm above normal MSL (Hamed and
El Gindy, 1988). Maximum wave height of 5.4 m was recorded at Abu Qir Bay in the
winter storm of 1988 (Frihy et al., 2010). These stormy waves have accelerated
beach erosion, flooding across the low-lying areas and large overtopping.
Occasionally, high tides occur in combination with storm surges sea level can
produce wave set-ups of 1.5 m over winter storm waves of 1.5-3.0 m height (Nafaa
et al., 1991).
Expected sea-level rise due to climate change
A well-recognized factor in coastal erosion is a change in sea water level. In the
short term, such changes may be effected by tides and storm surge; in the long-term,
by the progressive rise in sea level and land subsidence due to
compression/dewatering of underneath deposits and structurally fault displacement
of thick underlying older strata. Sea-level is rising in the Nile delta due to a
combination of factors including coastal subsidence and the global eustatic sea-level
rise. The eustatic or global rise has been estimated to be on the order of 1 to
2mm/yr. The vertical motion of land, either subsidence or emergence refers to the
lowering or rising of the land surface relative to a geodetic datum.
Vertical motion varies locally depending upon rates of isostasy, tectonism,
compaction and anthropogenic influences (groundwater or oil withdrawal) or a
combination thereof.
Higher temperatures resulted from climate change are expected to further raise sea
level by expanding ocean water, melting mountain glaciers and small ice caps, and
causing portions of Greenland and the Antarctic ice sheets to melt. Climate change
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may be due to natural internal processes or external forces or to persistent
anthropogenic changes in the composition of the atmosphere or in land use . The
International Panel on Climate Change (IPCC) estimates that the global average sea
level will rise between 0.18 and 0.59 meters in the next century (IPCC, 2007). It has
been anticipated that rising sea levels would inundate wetlands and other low-lying
delta lands. Geological forces (such as subsidence, in which the land falls relative to
sea level) play a prominent role in regional sea-level change. Accelerated global
sea-level rise is expected to have dramatic impacts in those regions where
subsidence and erosion problems already exist.
Like many low-lying deltas, the coastal zone of the Nile delta has been designated
as a vulnerable zone to a rising sea level as a consequence of expected climate
changes combined with land subsidence.
As absolute sea level change is difficult to measure, relative sea-level changes have
been derived at Burullus mainly from tide gauge data relative to fixed tide-gauge
benchmarks. This relative sea-level (RSL) is referred to as sum of global changes
"eustatic" (~1mm/yr) and local uplift or subsidence. These data records demonstrate
the sea-level due to astronomic tide as well as other oceanographic parameters
(temperature, atmospheric pressure, wind surge, wave induced set-up, etc.). In
addition, they incorporate vertical land movements due to natural compaction and
dewatering of subsurface sediments, and tectonic activity (regional down or upwarping and movement along growth faults). However, the relative contribution of
global warming effect is not yet well established.
Annually and to some extent monthly averaged values of sea-level data gathered at
Burullus, were statistically analyzed by Frihy et al. (2010) using the least square
regression technique. Data comprise the annually averaged tide-gauge records
calculated from the hourly heights of sea level taken (with discontinuance) at the
Burullus (1976 through 2006; 24 years). Linear regression lines of the data show an
upward trend, but with a different magnitude (Figure 6-17). The slope of the trend
lines indicates that mean sea level at Burullus, has risen 3.0. The rate of estimated
sea-level is in the range of most estimates of regional and local sea-level recorded
by Emery et al. (1988), El Fishawi and Fanos (1989), Sharaf El Din et al. (1989), El
Sayed (1991) and El Raey et al. (1997).
It is fortunate that the project area is not included within the identified risk areas
vulnerable to sea-level rise and also to geohazards induced from severs erosion,
storm surges, earthquakes and tsunami events (Frihy et al. 2010). Field survey by
our team confirms that the backshore topography of the study lies between 1 and 2
meters above the mean sea-level, indicating that this area is not considered as a
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low-lying area vulnerable to sea-level rise. Low-lying areas are commonly lying
between 0 and 1m elevation.

Figure 6-16
Variations of Water Level Measured in the Day Time at Project Area
during the period between 1-7-2015 and 22-7-2015
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Figure 6-17
Relative Sea-Level Trends Estimated from Annual Tide-Gauge Records at
Burullus Lagoon Inlet (Frihy et al. 2010)
Solid line is the regression relationship. The regression lines together with the slopes (RSLR) are
indicated. The trend line shows an overall upward rise of relative sea-level of 3.0 mm/yr.
Tide gauge location is located at Burullus inlet (see inset map)
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Possible morphological impacts
1. Current rate of shoreline changes (pre-construction)
To assess the effect of the water intake and outfall structures on the littoral system,
rate of shoreline and seabed changes along the study area were determined prior to
and after construction of these structures. The pre- and post-construction seabed
changes have been simulated using Delft3-D numerical model. The current shoreline
change rates (pre-construction) were also determined using DSAS program.
The current shoreline change rates along the study area has been assessed using a
series Google Earth satellite images acquired in 2007, 2010, and 2013. These are
combined with the shoreline vector of July 2015 measured by the DGPS during the
field activity, i.e. spanning 8 years in total. Shoreline positions of these images were
digitized using ArcGIS technique. Data obtained were processed to calculate the
annual rate of beach changes applying the Digital Shoreline Analysis System (DSAS
version 4.0), an ArcGIS tool developed by the United States Geological Survey
(Thieler et al., 2005).
The rates of shoreline change in DSAS version 4 were calculated by defining a
hypothetical shore-parallel baseline and calculating rates of change along a number
of points or transects. The measured distance between the fixed baseline point and
the shoreline positions generated by the program provides a reliable record for
monitoring the change of shoreline position over the 8 year time frame of the
generated shoreline vectors. The program has been setup to calculate rates of
beach change at a series of cross-shore transacts at an interval of 100m alongshore.
A total of 86 transects was generated to cover the 8-km shoreline hosting the project
area. The data measured at each transect are then used to estimate the mean
annual rate of shoreline change (meters per year) employing least squares
technique (Table 6-19).
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Table 6-19
Shoreline change rates calculated at 87 transects using DSAS program.
Transects are positioned from a point at 4km west of the Burullus PP.
Alongshore
distance (m)
0 (base-point)
95.012
190.024
285.036
380.048
475.06
570.072
665.084
760.096
855.108
950.12
1045.128
1140.148
1235.158
1330.168
1425.178
1520.188
1615.208
1710.218
1805.228
1900.238
1995.248
2089.908
2184.238
2278.578
2372.908
2467.238
2561.568
2655.908
2750.238
2844.568
2938.908
3033.238
3127.568
3221.898
3316.238
3410.568
3504.898
3599.238
3693.568
3787.898
3882.238
3976.568
4070.898
4165.228
4258.628
4351.988

Rate of shoreline
changes (m/yr)
2.16
2.64
3.06
3.64
3.22
2.96
2.76
2.34
1.57
1.54
0.33
-0.15
-1.72
-2.95
-3.70
-3.69
-3.03
-4.09
-3.78
-3.79
-4.01
-3.64
-3.80
-3.96
-4.31
-3.59
-3.79
-4.02
-3.81
-2.86
-2.15
-2.35
-1.65
-1.82
-1.83
-1.89
-1.79
-1.49
-1.55
-2.01
-1.89
-1.99
-2.41
-2.12
-2.83
-2.93

Transect
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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4445.348

-2.98

48

Table 6-19 (Contd.)
Shoreline change rates calculated at 87 transects using DSAS program.
Transects are positioned from a point at 4km west of the Burullus PP.
Alongshore
distance (m)
4538.708
4632.068
4725.428
4818.788
4912.148
5005.508
5098.868
5192.228
5285.588
5378.948
5472.308
5565.668
5659.028
5752.388
5845.748
5939.098
6033.418
6128.478
6223.548
6318.618
6413.678
6508.748
6603.818
6698.888
6793.948
6889.018
6984.088
7079.148
7174.218
7269.288
7364.358
7459.418
7554.488
7649.558
7744.618
7839.688
7934.758
8029.828
8124.888

Rate of shoreline
changes (m/yr)
-3.22
-3.35
-3.26
-3.17
-3.59
-3.84
-3.79
-3.21
-3.59
-4.01
-3.53
-4.20
-4.08
-3.01
-2.66
-3.83
-3.18
-3.13
-3.66
-2.61
-1.50
-1.63
-2.39
-1.50
-0.49
-0.75
-0.60
-0.94
-1.53
-1.30
-1.44
-1.82
-1.33
-1.21
-2.28
-1.99
-2.81
-2.21
-1.37

Transect
#
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
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The results of annual rates of beach changes are plotted versus distance alongshore
the study coastlines in Figure 6-18. As shown in this Figure, accretion extends 1045
m along the eastern stretch at a rate varies between 0.33 and 3.64 m/yr. This
accretion systematically decreases alongshore to the east where it reverts to erosion
all over the rest of the study coastline, alternating between -0.5 and -4.2 m/yr. The
nodal point between the accretion and erosion occurs at ~3230 m west of the
Burullus PP. On comparison, the estimated rates are relatively lower than those
reported at other areas in the delta region due to the distinguish interaction between
wave activities and shoreline orientation of the project area. This also explains the
much lower rate of littoral drift (126,144 - 151, 372 m3/yr) calculated by Van Rijn
equation in Delft3-D model.
As discussed earlier in chapter 5, beach change along the study area has been
caused from the effects of continuous coastal processes mostly by wave-induced
longshore current and likely from the accelerated sea-level rise due to climate
change. The predominant wave approach from the N-W is responsible for
generating the eastward-flowing longshore currents along the coast; while the
smaller portion of waves coming from the N-E produces the reversed longshore
currents.
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Figure 6-18
(A) Map of the Study Area Showing Coastal Stretch Subjected to shoreline rate
Calculation. (B) Variations in the Rate of Beach Changes along the Study
Coastline, Calculated by DSAS program.
Erosion along the study area fluctuates between -0.5 and -4.2 m/yr. Rate has been
calculated at 86 transects spanning 8-km of shoreline (shown on the top)
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2. Predicted post-construction rate of shoreline changes
The resulting map files yielded from running Delft3-D model allow us to extract data
set to evaluate possible changes in the beach morphology, before and after
construction of the intake and outfall of the Burullus Power Plant. The extracted preand post-shorelines are first superimposed in a DXF map for further measurements
(6-2A). The horizontal shifts and horizontal distance between the extracted
shorelines are measured along the coast line at 58 transects, spaced between 25
and 500 m (Table 6-2). Distance was measured from a base point at 4275 m from
the intake. Narrow-spaced transects (25m) are concentrated in the vicinity of the
power plant, whereas wide-spaced ones are distributed on both sides of the power
plant. Shifts of shoreline position refer to advance (accretion) and retreat (erosion).
Data manipulated in Table 6-20 includes: alongshore distance (m), shoreline shift
and rate of beach change (m/yr).
Table 6-20
Values of Annual Erosion and Accretion Rates Calculated from
2015 and 2025 Shoreline Positions at 58 Transects, Measured
from a Point at 4 km West of the Burullus PP. Shaded Row Cell
Positions the Water Intake at 4275 m East of the Base Point

Alongshore
distances (m)

Measured shoreline
shift distance (m)

Rate of
shoreline
changes (m/yr)

0 (base-point)
100
600
1100
1600
2100
2300
2500
2700
2900
3100
3300
3500
3550
3600
3650
3700
3750

0
-39.0673
-21.9768
-26.9308
-25.4913
-32.1552
-35.7644
-33.5484
-37.3775
-11.5483
24.103
11.839
-21.986
-30.5242
-31.3562
-25.0843
-22.7775
-26.7556

-3.90673
-2.19768
-2.69308
-2.54913
-3.21552
-3.57644
-3.35484
-3.73775
-1.15483
2.4103
1.1839
-2.1986
-3.05242
-3.13562
-2.50843
-2.27775
-2.67556
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3800
3850
3900

-22.8835
-8.7036
2.7621

-2.28835
-0.87036
0.27621

Table 6-20 (Contd.)
Values of Annual Erosion and Accretion Rates Calculated from
2015 and 2025 Shoreline Positions at 58 Transects, Measured
from a Point at 4 km West of the Burullus PP. Shaded Row Cell
Positions the Water Intake at 4275 m East of the Base Point

Alongshore
distances (m)

Measured shoreline
shift distance (m)

Rate of
shoreline
changes (m/yr)

3950
3975
4000
4025
4050
4075
4100
4125
4150
4175
4200
4225
4250
4275
4310
4335
4360
4385
4410
4435
4460
4485
4535
4585
4635
4685
4735
4935
5135
5335
5535
5735
5935
6635
7135

16.375
22.0976
25.5575
31.0477
35.0278
40.9057
50.4533
58.0107
65.7301
75.0312
82.6697
96.4509
105.3987
109.9983
-59.357
-47.6083
-26.5439
-20.0067
-12.914
-8.1789
-12.1198
-14.6508
-13.7062
3.8807
-8.2858
-37.5828
-40.2722
-9.0536
1.3101
-26.6404
-15.4725
0.739
-24.0205
-10.1004
-35.5422

1.6375
2.20976
2.55575
3.10477
3.50278
4.09057
5.04533
5.80107
6.57301
7.50312
8.26697
9.64509
10.53987
10.99983
-5.9357
-4.76083
-2.65439
-2.00067
-1.2914
-0.81789
-1.21198
-1.46508
-1.37062
0.38807
-0.82858
-3.75828
-4.02722
-0.90536
0.13101
-2.66404
-1.54725
0.0739
-2.40205
-1.01004
-3.55422
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7635
8135

0.4324
-12.9107

0.04324
-1.29107
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The calculated annual rates of beach changes in this table are plotted alongshore
distance in Figure 6-19. As illustrated in this Figure, rate of annual erosion versus
accretion vary greatly along the study coastline, particularly in the vicinity of the
intake and outfall structures. Maximum erosion of -5.9 m/yr occur downdrift of these
structures. On the other hand, maximum sand accretion of 11 m/yr is pronounced
immediately to the west of these structures. Such structures are approximately
positioned at 4275 m from the base point at transect #35 (Table 6-2). The general
pattern of local erosion versus accretion is resulted from the effect of the hard structures
planned to be built off the power plant versus prevailing coastal processes. These
structures act to block sediment transporting by continuous effect of wave-induced
longshore current.
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Figure 6-19
Simplified Geographic Map of the Study Area Showing Shoreline Positions Extracted
from the Resulting Map Files of Delft3-D Model for the years 2015 (pre-construction)
and 2025 (post construction) of the intake structures. (B) Alongshore variations of
beach change rates calculated between these shorelines Calculations are based on
data extracted from the resulting map files of Delft3-D model
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One of the environmental concerns is that the accreting area formed to the west of
the western breakwater might bypasses sand to its proximal northern end (designed
to be at 1.5m depth contour), might cause sedimentation problem. Such
sedimentation can be mitigated by frequent dredging for the accumulated sediment
into and at the intake entrance, and also from the updrift accreting area west of the
intake breakwaters.
In view of mitigation, we recommend using sand bypassing of sediment to be
hydraulically or mechanical moved from accreting zone to the downdrift eroding are
east of the intake structures. Bypassing of sand commonly takes place through two
main methods. Firstly, use of pumping pipelines that transfers sand from the updrift
accreting side of the breakwater, and deposits as slurry of sand and water on the
downdrift eroding side. The second method involves the dredging or excavation of
subaqueous sands from the updrift side, using dredges or heavy machinery, and the
placement of this material on the downdrift side by trucks and other heavy equipment
(land based transport).
3. Predicted pre- and post-seabed changes
In this section, spatial and temporal morphological changes have been predicted
using Delft3-D numerical model to assess seabed and shoreline variability under the
same conditions cited above; for both 5 and 10-years simulation periods. In addition
to other inputs (bathymetry, recent shoreline position, grain size of beach sand), the
entire wave data which has been computed from wind measurements (recorded from
1996 to 2005) has been used in running the model.
To quantify possible changes in the seabed of the study area that may resulted after
construction of the coastal structures of the intake and outfall, prediction was carried
out for both the pre- and post-construction of these structures. For the postconstruction option, simulation spanned five and ten years, i.e, by the years 2020
and 2025.
The output results of the Delft3-D model are depicted in Figures 6-20 and 6-21.
These Figures illustrate diagrammatically the spatial variations in vertical seabed
changes (in meters), under the above mentioned conditions. Of particular interest,
significant local changes in the seabed level (accretion and scour erosion) was
detected after 5 and 10 years after construction of the intake and outfall structures.
Maximum updrift accretion (west of the structures) of 0.8 m (brown) is followed by a
down drift seabed scour of -0.5 m (pale blue) (east of the structures) is clearly
observed for 5-years simulation, i.e. by 2020 (Figure 6-20). Respectively, these
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values of seabed change are increased to 1.5 and -0.7 m for the next 10-years
simulation option, i.e. by 2025.
In conclusion, Table 6-21 summarizes results of morphologic change impacts that
would be likely expected on the shoreline and seabed, before and after construction
of the coastal structure facilities of the Burullus PP, by 2025.
Table 6-21
Summary of Results of Morphologic Change Impacts on the Shoreline and
Seabed, Before and After Construction of the Intake and Outfall Structures of
the Burullus PP, by 2025

Condition
Pre-construction
Post-construction

Maximum shoreline
change (m/yr)
Updrift
Downdrift
-3.2
-3.4
11.0
-5.9

Maximum seabed change
(m/yr)
Updrift
Downdrift
0.2
0.2
1.5
-0,7

Impact
mitigation
Sand bypass

As discussed in chapter 6, the down drift erosion east of the intake and outfall structures
is resulted from blocking of sediment transporting by waves coming from the NW
direction.
Wave energy is typically dissipated in the surf-zone forming submerged sand bars,
which are at times severe enough to force the closure of the entrance of the intake
wall-slots. In the Nile delta, a similar sand bar formations have actively silted up the
mouth of the Kitchener drain east of Baltim resort (Frihy and Lawrence, 2004). The
development of the active accretional bar-features which are being formed in the
surf-zone of the study area might likely require elongation of the western breakwater
intake to reach a relative deeper contour greater than the designed 1.5 m depth.
Presently, the Nile delta river estuaries, lagoon inlets and harbor’s entrances are
suffering from periodic sedimentation problem and therefore, they are dredged
periodically to maintain safe navigation depth and readable access to the harbor
platforms (El Asmar and White, 2002). However, all of these delta inlets are
controlled by long jetties or breakwaters. Channel maintenance and dredging of the
delta inlets are being carried out annually at high costs to mitigate sedimentation
problem.
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Figure 6-20
Five-years Simulation of Seabed Change in Meters
(accretion and erosion) before (A) and following construction of the BPP coastal facilities
(B).
Note colors on both sides of the intake breakwaters: yellow/brown (accretion) and pale blue (erosion.
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Figure 6-21
Ten-Years Simulation of Seabed Change in Meters (accretion and erosion)
before (A) and following construction of the BPP coastal facilities (B).
Note colors on both sides of the intake breakwaters: yellow/brown (accretion) and pale blue (erosion).
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6.3.5 Evaluation of Potential Operational Impacts
Abstraction of Cooling Water
The largest water requirement of the power plant is for cooling water, which will be
abstracted at a rate of 13.61 m3/sec. The cooling water will be abstracted directly
from the Mediterranean Sea, and accordingly there will be no impact on any inland
surface water resources. The principal potential impacts of large scale abstractions,
such as the proposed cooling water, are as follows:

entrainment of aquatic organisms;
damage to fish at intakes.
Damage at intakes can occur to fish which escape as well as those that are actually
entrained. Such damage is related to a number of factors including:
fish swimming speed (variable according to species, age and condition of
individual, etc);
intake flow velocities;
intake screening (eg mesh size, bar spacing etc).
The maximum flow velocity of the cooling water abstraction will be approximately 0.3
m s-1 at the entrance to the intakes. These are fairly low intake velocities; typical flow
velocities at power station intake screens vary between 0.5 and 6.0 m s- 1 (Langford,
1983). In general, adult fish and fish in the order of 15 cm length are unlikely to be
drawn into the intakes at such velocities. It is also notable that the area is not an
important fishery, implying that significant commercial quantities of fish are not
present.
Although fish entrainment at the intake is unlikely to be a problem due to the
provision of intake structures and low intake velocity, screens will be provided to
prevent impingement and subsequent entrainment of fish. The potential entrainment
of smaller free-floating organisms with limited mobility (including adult and larval
plankton, fish eggs and larvae, etc) results in exposure to elevated temperatures,
biocide additives, and physical damage from contact with cooling system
components and pressure changes. Generally, exposure to such impacts in transit
through the cooling system results in high reductions in the populations of bacteria
and some plankton (but by no means 100% kill-off). Other organisms have a wide
range of survival rates dependent on factors such as species, age, individual
condition.
The losses of free-floating biota will be dependent on the species present in the
vicinity of the intakes and the degree to which flows to the intakes modify local
circulation patterns. Since the cooling water infrastructure will cause little alteration
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in local circulatory currents, accordingly no significant impacts are predicted on freefloating biota.
The lower rim of the intake structures will be located approximately 2.5 m above the
seabed; thus, it is extremely unlikely that benthic organisms will be drawn directly
into the intake. Although changed circulation patterns in the immediate vicinity of the
intakes may slightly alter sediment distributions, it is unlikely that the intake
structures will cause a perceptible effect on the seabed, which is currently subject to
existing mechanical perturbations.
Overall, given the design of the cooling water abstraction, limited zone of potential
impact and the lack of any known sensitive or commercially important marine
organisms at the proposed location, no significant impacts are predicted to occur.

Other Water Abstractions
The boiler system requires approximately 153 m3h-1 of water, which will also be
abstracted from the Mediterranean sea and desalinated and demineralised prior to
use.
Potable water will be provided by power plant water supply system and/or from the
area's water supply at the rate of 3 m3h-1.
Neither of these abstractions will have any significant environmental impact, given
their volume and the water resources available.
Discharge of Cooling Water
The principal potential issues regarding the discharge of cooling water relate to the
following:
The discharge plume will form an area of elevated temperature. This may
potentially have ecological effects as well as impacting on the cooling water
intake of Burullus Units 1 & 2.
The plume will contain biocides and other substances that have potential
impacts on marine biota.
The physical effects of the discharge plume may potentially alter local
hydrography, thereby affecting sediment transport and coastal erosion
processes.
The heated cooling water will be combined with other appropriately treated effluent
streams prior to offshore discharge through a multi-port diffuser. The concentration
of the chemicals in the cooling water at the outfall, compared to relevant standards,
is shown in Table 6-22.
All the chemicals from the liquid waste stream are below IFC/WB and Egyptian
standards and, subsequently, no toxic effects are predicted to occur. Potential
damage to aquatic flora and fauna is further minimised by the use of a multi-port
design of the outfall which will maximise the initial dilution of the plume and decrease
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the extent of the area that may be impacted by either excess temperature or residual
chemicals. The use of chlorine and other treatment chemicals will be minimised by
optimising dosing levels with respect to anti-fouling needs.
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Table 6-22
Concentration of Process Chemicals in
Combined Effluent Discharged to Mediterranean Sea
Pollutant

Predicted
Concentrations
(1)

of Discharge
(mgl-1)

Egyptian
Standards
(mg l-1)

IFC/WB
Guidelines
(mgl-1)

Background
Concentrations
(where
available)

Biological Oxygen Demand
(BoD)

<30(2)

60

-

12.5

Chlorine (Free)

<0.2

-

0.2

-

Iron

<0.6

1.5

1.0

-

Oil and Grease

<10

15

10

<0.01

<30 (3)

60

50

132

Zinc

<1

5

1.0

0.01

pH

6-9

6-9

6-9

8.0

8o C at discharge
point and 3 oC at
150 m

< 10

<3
at the edge
of mixing
zone

29 oC
Summer Max.

Suspended Solids (Total)

Temperature Increase (oC)
above the ambient with max.
absolute value of

38

Notes:
(1) Concentrations are for the combined wastewater stream. Values are a flow rate composite of the all the
plant wastewater streams.

(2) Represents BOD in sanitary wastewater. The BOD levels in the combined effluent discharged into the
marine environment will be negligible.

(3) Concentration is an average value - maximum concentrations will be <30 mg I-1.

The proposed discharge of cooling water has been modelled using the CORMIX
system that evaluates the dilution of a thermal plume from a submerged discharge.
The CORMIX model preliminary outcomes has been validated by the US
Environmental Protection Agency (EPA). Even during the summer, the zone where
the elevated temperature exceeds 3 °C extends less than 150 m from the outfall.
Moreover, the elevated temperature of the water at the point of discharge is
predicted to be within 8 °C, i.e. below the Egyptian standard and predicted to be
within 3oC guideline within the mixing zone as set out by the IFC/WB guidelines.
The outfall pipe will be separated enough from the Kafr esh-Sheikh Units 1 & 2
intakes and it is estimated that the temperature increase at the intake will be a
maximum of approximately +0.6 °C, well within the EEHC limit of +1 °C.
Another, albeit relatively minor effect of cooling water discharges is related to the
input of nutrients associated with dead or moribund organisms when the cooling
water is discharged; this factor may potentially enhance biological productivity of the
waters at the same time as entrainment of the intake is reducing individual numbers.
It should be noted that the time when most individuals will be affected (ie during
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algal "blooms") is the time when regeneration of populations (ie productivity) is
highest.
Hence, the overall impact of the discharge of cooling water is not considered to be
significant.
Other Operational Effluent Discharges
Other than the main cooling water stream, the following effluents will also be
generated by the operational power plant:
concentrate from desalination process;
effluent from boiler blowdown;
backwash from boiler water filtration;
processed effluent from the oil interceptors;
treated domestic effluent and sewerage;
wastewater neutralisation effluent;
hardstanding drainage and runoff.
To minimise the potential impacts of these effluents, the following mitigation
measures will be implemented:
Process effluents will be collected in engineered, contained site drainage
systems where they can be controlled, monitored and treated as appropriate
prior to discharge to the Mediterranean Sea via a sea well.
Bunds or blind sumps will be installed on-site to isolate areas of potential oil or
other spillages, such as transformer bays, from the site drainage system. The
segregated effluent will be monitored for contamination and the appropriate
discharge to the site drainage system or separate treatment/disposal route, such
as extraction for specialist disposal off-site, will be adopted accordingly.
Washing water from washing operations will be treated by oil/grease and
suspended solids removal prior to discharge.
Drainage from the process areas will be collected in a contained site drainage
system and passed through oil interceptors and suspended sediment traps prior
to discharge to the Mediterranean Sea via the sea well.
Clean uncontaminated rainwater run-off from building roofs will be directly
discharged to the Mediterranean Sea via the sea well;
Storm and rainwater run-off from hardstanding and roads will be collected in a
contained site drainage system and passed through oil interceptors and
sediment traps prior to discharge into the Mediterranean Sea via the sea well.
Concentrations of pollutants entering the marine environment from the cooling
system, and effluent treatment systems, supplemented by surface run-off, will be
within the prescribed levels set out in the EEAA standards and IFC/World Bank
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guidelines as shown in Section 2. Hence, no significant impacts are predicted to
occur.
Biocides (chlorine or sodium hypochlorite) will be added to the cooling water system
to control bacterial and algal growth which otherwise would build up on various
surfaces. In addition, biocides will be used to control the growth of larger
invertebrates and algae in the cooling water intake. The cooling water discharge will
contain residual quantities of biocide at concentrations below the World Bank
standard for free chlorine of 0.2 mg/l. Over a 24 hour period basic chlorination
treatment will be at a concentration of 2 ppm. Chlorine shocking will take place when
required depending on the level of algal growth at a concentration of 10 ppm. This
concentration will be rapidly dispersed by the local dilution and dispersion in the Kafr
esh-Sheikh Nile segment.
In order to ensure compliance with Egyptian and World Bank/lFC water quality
standards, an appropriate plant management system will be developed in order to
monitor the quality of the discharge.
Figure 6-22 shows liquid effluent management measures which will be implemented
on site. The oil/water separators will operate continuously. Sanitary water will be
treated in the power plant sanitary wastewater treatment facility. Other wastewater
(except heated cooling water and condensate water) will be collected and treated
before being discharged via the circulating water discharge structure (CWDS). Rain
waters containing oil will be routed to the oil separator; rain waters without oil will be
discharged to the Mediterranean Sea as stated above.
Effects of Marine Structures on Coastal Processes
The marine structures comprise the cooling water intake/velocity cap, the intake
pipes, the outfall pipes and the outfall equipped with a diffuser.
For most of the length of the cooling water outfall and intake pipes, the surface of the
riprap layer will be flush with the seabed to minimise the hydrodynamic effects of the
installed cooling water system infrastructure. Nearshore, it will be necessary to
recess the surface slightly to remain below the hydraulic gradeline.
The intake and outfall structures may have a very localised hydrodynamic impact,
but this will not result in any significant effect on currents or sediment movement in
the wider context.
Overall, the infrastructure associated with the cooling water abstraction and
discharge will not have any significant impacts on coastal processes.
Impact of Thermal Plume on Aquatic Ecology
The effect of raised water temperature on fauna and flora could include the
following:
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lethal effects due to direct temperature increases;
effects on physiological processes such as raised metabolic and breathing
rates, grouped as stress effects; and
changes in behavior of mobile species such as avoidance or attraction to
water of a higher temperature.
Lethal temperatures for aquatic animals are related to the summer maximum
temperature in which they live. Temperatures over and above that maximum may
result in any of the three levels of effect described above. It is anticipated that lethal
effects as a result of the thermal discharge will be limited to any non-mobile benthic
fauna and flora adjacent to the outfall.
There will be limited, short term and local impacts on planktonic species affected by
the warm plume and this may result in changes to the observed planktonic
communities as more tolerant species displace less tolerant species. This in turn
may impact the fish species present by sustaining larger populations or attracting
some species whilst displacing others.
Mobile species will show a similar response to the warm water with some species
avoiding the warm water and some species attracted (Young bass, Dicentrachus
labrax) migrate into warm water plumes at Kingsnorth Power Station in the UK where
they achieve 30% faster growth than comparable fish in unheated water (Turnpenny
et al, 1985)).
In summary, the thermal discharge is predicted to impact aquatic flora and fauna
both positively and negatively. At the point of discharge where water temperatures
will be around 10oC above ambient temperatures, it is unlikely that non- mobile flora
or faunal species will survive, however the area is already relatively moderately
inhabited. The more marginal temperature increase experienced further from the
discharge outlet, up to a distance of around 100 m, however may sustain larger
populations of some species or attract additional species to the area.
The intake and discharge structures will however also provide new habitats for some
species. The hard structures of the submerged vanes will provide a surface for
colonization which may support these communities. In turn, these species will attract
planktonic and fish species into the newly created habitat.
Water Quality Related Impacts on Aquatic Ecology
Impacts on aquatic ecology during plant operation will largely be due to increased
water temperatures and the quality of the discharged water. The intake structure is
also likely to cause entrainment of fish and other species. The impacts of the thermal
plume on aquatic fauna and flora has been discussed above.
Chemicals, including biocides, and oils released into the discharge structure could
potentially have both lethal and chronic effects on the flora and fauna surrounding
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the discharge point, if released in sufficient quantities. Water treatment technologies
and management systems employed at the plant and described above, will however
ensure that effluents released do not threaten the Mediterranean Sea habitats and
ecosystems.

Entrainment of Flora and Fauna
The cooling water intake will result in the entrainment of fauna and flora. Because of
the presence of grills, entrainment may result in death and/ or damage to larger
organisms including fish which may escape entrainment. Once entrained the fauna
are exposed to physical damage, increased temperatures and process chemicals,
including biocides at concentrations intended to be lethal to fauna and flora whilst in
the cooling system.
The potential for damage is related to the escape speed of the particular animal, the
intake velocity and the size of the grills over the intake. It is the younger stages of
fish species that are at particular risk from entrainment and damage.
The maximum velocity in the circulating water pipe of the intake structure will be
about 3 m/sec. This velocity is selected to minimize fish entrainment into the culvert,
and is at the mid of the range 0.3 and 6.0 m/sec. recorded at other power plants
(Langford, 1983). Fish catches on the trash screens will be monitored on a weekly
basis in the first year of operation to assess the impact of intake operation on the
fish community by WDEPC.
Whilst the impact of entrainment has the potential to be highly negative, it will occur
over a very localized area. In addition, the velocity of water drawn into the culvert is
considered moderate as required for efficient power plant operation, which will
further reduce the risk of fish entrainment.
Impact on Fishing and Navigation
The Burullus Mutubas shoreline segment immediately adjacent to the project site is
not considered to be of significant importance as a commercial fishery. The plant is
not therefore expected to have any significant impacts on fishing activities.
Given that the outfall and discharge structures will be constructed on the shoreline,
which is far enough from the navigation domain, therefore structures are not
expected to present any hazard to Mediterranean Sea navigation.

6.3.6 Conclusion
The assessment of the potential impacts on the aquatic environment has considered
the following issues:

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 6- Page 100 of 190

construction of cooling water infrastructure;
construction of the power plant;
abstraction of water for cooling and other purposes;
discharge of cooling water;
discharge of operational effluents;
effects of marine structures on coastal processes;
flood risks.
Due to the lack of water resources in the site, low sensitivity of the marine
environment at Mutubas segment of the Mediterranean Sea and incorporation of
mitigation measures into the design, construction and operation of the power plant,
only minor effects on the marine environment are predicted which will not be
significant.
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Figure 6-22
Management of Liquid Effluent at the Burullus Power Plant Site
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6.4

NOISE AND VIBRATION

6.4.1 Introduction
The assessment of the potential noise and vibration impacts considers the following
issues:
noise and vibration from construction activities on the main site and for the
abstracted water infrastructure (pumping station, service & cooling water
pipelines and intake/discharge); and
noise and vibration during operation, including from the main power plant
and the pumping station.
6.4.2 Noise Sensitive Receptors
There are no residential and commercial spots identified around the Burullus power
plant site. There is only military monitoring point to the north of the proposed site. No
industrial facility exist. The nearest residential spots are about 2-3 km to the south of
the site. Recreation resort at a far distance area is located to the east of the
proposed site. Figure 6-23 depicts that there are no noise sensitive receptors around
the site.
Due to the construction of the power plant, and irrespective of the rural nature of the
proposed site, the area is categorized as “Industrial Areas” with respect to the
Egyptian ambient noise standards and “industrial and commercial” with respect to
the World Bank environmental guidelines.
6.4.3 Standards and Guidelines for Construction Noise Assessment
In the absence of World Bank or Egyptian standards for construction noise, British
Standard BS5228 has been considered to represent good international practice for
assessing and controlling noise during the construction phase.
6.4.4 Evaluation of Construction Noise and Vibration
Noise Prediction Methodology
Noise levels from construction activities have been predicted and assessed based
on the methods set out in the UK codes of practice (BS5228). Calculations of the
combined sound power from all construction plant, adjusted for usage time, have
been used to predict the highest potential noise levels for the peak period of
construction.
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Figure 6-23
No Noise Sensitive Receptors around the Site
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Traffic noise predictions have been carried out using the methodology in the UK
Department of Environment (as was) Calculation of Road Traffic Noise which is the
standard method of predicting noise from roads in the UK and is considered to
represent good international practice.
For the assessment, the following conservative assumptions have been made:
fixed construction plant is located close to the center of the site;
mobile construction plant has been assumed to use a haul route that
follows the perimeter of the site; and
no account has been taken of the attenuation in noise levels due to
acoustically soft ground or due to screening from intervening buildings.
The type and number of plant assumed to represent the worst case during the peak
period of construction, are presented in Table 6-22.

Table 6-22
Major Construction Plant on Site During the Peak Construction Period
Equipment

Number

Tracked cranes (cranes, elevators, hoists,
etc.)
Air compressors
Bulldozers (bulldozers, IT-28, .. etc.)
Truck cement mixers
Dump trucks (including rough terrain
vehicles)
Diesel generators
Welding equipment and generators
Batching cement plant
Grader (includes motor grader)
Wheeled excavator / loader trucks
Lorries

9
4
5
3
(3)
3
27
1
1
(3)
(3)

Utilization
Factor (1)

Day (D)
Night (N) (2)

50%
80%
75%
50%

D, N
80%D, 20%N
D
50%D, 20%N
D
D, N
60%D, 40%N
80%D, 20%N
D
D
D, N

20%
40%
80%
40%

-

Notes:
(1) Utilization factor is the percentage of time equipment is engaged in productive work and
may generate significant noise,
(2) ‘D’ indicates daytime shift (07:00-17:00 hours) and ‘N’ indicates night time shift (17:0007:00 hours). Percentage indicates the level of use in each shift,
(3) Equipment has been assumed to use the haul route / on-site road adjacent to the site
boundaries. An average flow of 20 vehicles per hour has been assumed.
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Noise from the Construction Site
Using the worst-case assumptions, the predictions of potential levels of construction
noise at the nearest receptors during peak construction phase are presented in
Table 6-23, together with applicable Egyptian noise standards. The Egyptian noise
standards are applicable to long term (i.e. operational) noise levels, but are included
for reference in assessing the potential magnitude of impacts from short term
construction noise. Reference is also, made below to construction noise criteria used
in the UK. It should be noted that no construction noise limits are published in World
Bank guidance.
Table 6-23
Indicative Worst-case Construction Noise Levels at Nearest Receptors
Distance from
Site Boundaries
(m)

Egyptian Standard
(dB(A))

Predicted Noise Level
(dB(A))

Day-time

Night-time

Day-time

Night-time

100

70

70

45

40

300 (2)

70

70

35

30

450

70

70

-

-

800

70

70

-

-

Notes:
(1) Categorized as "Industrial Areas".
(2) Distance measured from the fixed construction plant.

From Table 6-23 it can be seen that in the absence of noise mitigation measures,
construction noise levels are predicted to comply with the Egyptian standards. In the
UK a daytime construction noise criteria of LAeq 70 dB is generally used to assess
construction noise in rural areas. This level is not predicted to be exceeded. Hence
no construction noise impacts are expected.
Noise from Construction Traffic on the Site Access Road
Assuming that a haul route will pass the properties located east and west the land
strip from the International Coastal Road to the site near the sea shoreline at a
distance of more than 100 m, the resulting predicted noise levels will be less than 55
dB(A). This noise level is within the Egyptian and UK standards and, hence, no
significant impacts are predicted.
Noise from Construction Traffic on the Road Network
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Noise levels from traffic on local roads have been predicted for the peak construction
activity during 2011-2012, both with and without the potential construction traffic.
Predicted noise levels at the roadside are shown on Table 6-24 below.
Table 6-24
Roadside Noise Levels from Construction Traffic LA10, 18hour (1)

Receptor

Without
construction

With
Constructio
n

Increasing

65.2

65.6

+ 0.4

Coastal Road

Notes:
(1) 18 hour traffic flows derived from average hourly flows.

The difference in noise levels at roadside receptors due to the construction traffic is
only 0.4 dB(A). Increases in environmental noise levels of less than 3-4 dB(A) are
not generally perceptible to the human ear, consequently no construction traffic
noise impacts are predicted.
Vibration from Construction Activities
Measurements of vibration from construction plant have shown that, even from the
worst case activity, i.e. percussive piling equipment, levels typically fall to
imperceptibility beyond approximately 100m from the vibration source. Imperceptible
levels are reached at much smaller distances from other sources of vibration, such
as excavators, bulldozers and heavy goods vehicles (HGVs). Hence, because there
are no receptors within 100 m of the site no vibration impacts are expected.
6.4.5 Evaluation of Operational Noise and Vibration
Noise Prediction Methodology
The work procedures for noise prediction included the following steps:
1. Analysis of the noise data provided by SIEMENS for the various equipment to
be installed in the power plant.
2. Assumption of the missing data from previous similar cases and from
experience with such projects.
3. Providing the prediction software with the available data such as equipment
specifications and the proposed power station layout.
4. Running the software for evaluation.
5. Analysis of the results and verification.
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Prediction Software
In this prediction, B&K PREDICTOR® was used. This software is basically a direct
modeling application to:
ISO 9613-1:1993 Acoustics, "Attenuation of sound during propagation outdoors".
Part 1: Calculation of sound absorption by the atmosphere.
ISO 9613-2:1996 Acoustics, "Attenuation of sound during propagation outdoors".
Part 2: General method of calculation.
Location and Map
The map (Site General Arrangement) for the power station was provided by
Egyptian Electricity Holding Co. This map includes the layout and relative location
of the equipment installed within this project in Al Burullus Gas Power Plant. It was
fed to scale into the software.
After that, we define the locations of the buildings, ground regions, surface contours
and sources. The following map (Figure 6-24) shows the main area of the power
station. Different views for the power plant 2D and 3D are shown in Figure 6-25 and
6-26.
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Figure 6-24
Burullus Power Plant Map
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Figure 6-25
Main sources & Main Buildings inside the Power Plant (2D View)
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Figure 6-25 (Contd.)
Main sources & Main Buildings inside the Power Plant (2D View)
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Figure 6-26
3D View of the Power Station
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Model Objects
The model contains the following objects:

Point Sources
The point sources (Figure 6-25) were used to represent:
Steam Turbine Building.
Pipe
Bridge.
PCCs.
Transformers
Gas Turbine Building.
Gas Turbine Generator
Gas Turbine Filter House
Gas Turbine Diffuser Extension Duct
HRSG
HRSG Stack
Pipe Bridge
Feed Water Pump Area
Cooling Tower
Gas Compressors
Cooling Water Pumps
PAC Pumps
PCC Pumps
Fuel Gas Preheating Metering & Filtering
Fuel Gas Pipes
Fin Fan URC
Water treatment plant
Fuel Oil Systems
Transformers UBD/LV Power Transformer (BFT)
Buildings
The buildings that were modeled are those with significant effect.
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Input Date for the Objects
All sources (Table 6-25) have been A-Weighted and fed in as Sound Power dB(A).
All of them are entered as point sources.
Table 6-25
Summarizes the Noise Data for the Sources Listed
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Table 6-25 (Contd.)
Summarizes the Noise Data for the Sources Listed
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Table 6-25 (Contd.)
Summarizes the Noise Data for the Sources Listed
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Other Objects
The other objects; like the ground and housing region were positioned as necessary
on the map. Their properties are also assumed from previous experience.
Receivers
Receivers had been added to the model in order to gather the noise impact on the
power station as follows:
The receivers gird is constructed with 20 m x 20 m spacing along the area of the
plant. It is fixed on a 1.50 m height, which is according to the measurement
standards.
Operational Noise
The noise model has been used to predict noise contours in the area around the
site. The run of the model produced several results; these results can be
summarized as Isophone Lines, Noise Filled Contours, Noise Gradient Contours,
and Noise Level Values.
Each of these results has been determined at different times: Day, Evening, Night
and Lden. These are shown in Figures 6-27 through 6-52. Table 6-26 gives the
predicted noise levels at two locations relative to the site boundary.
Table 6-26
Predicted Operational Noise Levels

Receptor

Egyptian Standard
(dB(A))

70

Nighttime
70

70

70

Day-time
Fence of the Power Plant

World Bank
Guideline
(dB(A))(2)
DayNighttime
time
70
70

Predicted
Level
(dB(A))
60

(1)

100 m away from the
Fence of the Power Plant(1)

70

70

< 50

Notes:
(1) Categorized as "Industrial Areas".
(2) If the specified noise criterion is not met, the plant must not give rise to an increase in
background levels of more than 3 dB(A) in order to comply with the guidance.

The predicted operational noise levels at the site boundary are below the World
Bank guidelines and the Egyptian Standards for both daytime noise and night-time
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noise. If background noise is added, the overall noise levels remain below the
Egyptian Standards. If the plant residential colony is built very close to the
powerhouse, it is proposed that the fence of the power plant is to be raised in height
to about 5m at the side facing the colony housing area of the plant workers.
In addition, it should be noted that the predicted noise levels are based on
conservative assumptions for noise attenuation and weather conditions. Therefore,
noise from the operating plant is not expected to give rise to any significant noise
impacts at receptors in the area.
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Figure 6-27
Noise Gradient Contours for Al Burullus power Plant in Lden

Figure 6-28
Noise Levels for Burullus Power Plant in Lden
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Figure 6-29
3D view Noise Gradient Contours for Al Burullus power Plant in Lden
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Figure 6-30
Noise Gradient Contours for Al Burullus Power Plant at Day

Figure 6-31
Noise Level for Burullus Power Plant at Day
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Figure 6-32
3D View for Noise Gradient Contours for Burullus Power Plant at Day
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Figure 6-33
Noise Gradient Contours for Al Burullus power Plant at Evening
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Figure 6-34
Noise Levels for Burullus Power Plant at Evening

Figure 6-35
3D View for Noise Gradient Contours for Burullus Power Plant at Evening
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Figure 6-36
Noise Gradient Contours for Al Burullus power Plant at Night

Figure 6-37
Noise levels for Al Burullus power Plant at Night

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 6- Page 126 of 190

Figure 6-38
3D View for Noise Gradient Contours for Al Burullus power Plant at Night
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Figure 6-39
Noise Level Values around and inside Al Burullus power Plant in Lden

Figure 6-40
Noise Level Values Around and Inside Burullus Power Plant at Day
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Figure 6-41
Noise Level Values at School Outside from Al Burullus power Plant in Lden
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Figure 6-42
3D view for Noise Gradient Contours at school outside from Al Burullus power
Plant in Lden
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Figure 6-43
Noise Level Values at school outside from Al Burullus power Plant at Day
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Figure 6-44
3D view for Noise Gradient Contours at school outside from Al Burullus power
Plant at Day
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Figure 6-45
Noise Level gradient contour at Kom Al Qasabah village outside Al Burullus
Power Plant in Lden

Figure 6-46
3D view for Noise Gradient Contours at Kom Al Qasabah village outside Al
Burullus power Plant in Lden
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Figure 6-47
Noise Level gradient contour at Kom Al Qasabah village outside Al Burullus
power Plant at Day

Figure 6-48
3D view for Noise Gradient Contours at Kom Al Qasabah village outside Al
Burullus power Plant at Day
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Figure 6-49
Noise Level gradient contour at Ezbet Halawa village outside Al Burullus
power Plant in Lden

Figure 6-50
Noise Level Values Around and Inside Burullus Power Plant at Day
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Figure 6-51
Noise Level Gradient Contour at Ezbet Halawa Village Outside Burullus Power
Plant at Day

Figure 6-52
3D view for Noise Gradient Contours at Ezbet Halawa village outside Al
Burullus power Plant at Day
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Traffic-related Noise During Operation
The percentage increases in hourly traffic flows during the operation of the power
plant are about 3% on the section of the International Coastal Road to the south of
the power plant and the haul route from the International Coastal Road. These
increases are not sufficient to give rise to any perceptible change in traffic noise.
Operational Vibration
The design of the power plant will ensure that all rotating machinery is correctly
balanced and that reciprocating equipment is vibration isolated, to ensure that
vibration will be imperceptible beyond the site boundary. Since the nearest receptor
is some distance from the site there will be no vibration impacts from the operating
plant.
6.4.6 Conclusion
Predictions of unmitigated construction noise indicate that Egyptian and UK
standards are met at all times and there will be no construction noise impacts.
Neither will there be vibration impacts because the nearest receivers are some
distance from the site.
Egyptian and World Bank standards for operational noise are met at all receptors
during daytime and night-time. Therefore, no significant noise impacts are expected.
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6.5

FLORA AND FAUNA

6.5.1 Introduction
The assessment of impacts which may result from the proposed power plant on flora
and fauna has addressed the following issues:
flora (ecological habitats and plants);
fauna (birds, animals, insects, etc.).
The assessment has examined the potential of landtake and disturbance which may
be associated with the construction and operation of the power plant. The key
implications of the development of the proposed power plant are as follows:
loss of habitat, and subsequently the loss of cover and food for fauna;
increased noise, air pollution (dust) and movements of people and plant causing
disturbance to fauna on and in the vicinity of the site.
6.5.2 Potential Impacts
As described in Section 5.7 of this report, the project will be built on a matrix of
uncultivated land and the area in the immediate surroundings of the site is not
covered with normal residential / commercial and tourist activities.
Although the number of plant and animal species, mainly insects, found in these
areas appears large, almost all of these species are characteristic of local lands and
therefore they are not considered important. In addition, none of the identified
species is rare or endangered.
The cultivated farms are located far outside the area designated for development.
Although vegetation means that food sources for fauna exist, there is minimal natural
protection and there are no migratory routes for birds cross over the project area.
Consequently, the area is characterized by a normal rural diversity of fauna, with
invertebrates dominating. No fragmentation of habitat or severance of ecological
corridors between isolated habitats of ecological importance exist.
Given the relatively small scale of the power plant development, and given that the
land flats are unlikely to be affected after construction of the plant, the impacts will
be localized and should not adversely affect the number of birds using the area.
6.5.3 Effects of Construction and Operation on the Proposed Site
Ecological impacts usually arise through direct damage to biotic components or
indirect disturbances to their habitats or their qualitative characteristics. The
assessment process begins by identifying the project activities during the
construction and operation phases of the project. It then identifies the main
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significant biotic components of the receiving environment that may come under
stress or damage due to those previously identified project activities. Interactions
between the two groups of factors determines the types of impacts which then would
be subject to a process of evaluation to determine which of the impacts are
significant and which are not. Usually, only significant impacts would be subject to
further analysis and suggestion of mitigation measures to reduce the impact effects.
The anticipated ecological impacts would arise from direct damage to the flora and
habitats within the site during construction activities. For the site area, there are no
significant impacts anticipated as the site is mainly vacant. Construction activities
will totally transform this land into industrial uses. These are called “unavoidable
impacts” and they come as a necessity for urban development.
Generally, ecological surveys of the project site and its surroundings have shown
that all the floral species encountered are both cultivated and natural. The species of
natural vegetation is common to Egypt and the project hinterland and that none of
them are of high ecological significance. In addition, the surveys have shown that
the fauna of the site is of very low diversity and includes species of very common
occurrence and of low ecological significance as well.
The development of the power plant will cause considerable disturbance to the site,
through landtake, increased noise, dust and movements of construction workers and
equipment. However, the extremely low ecological value of the site indicates that the
effects on flora and fauna will be negligible.
6.5.4 Effects of Construction and Operation on the Surrounding Area
The area surrounding the site has a low biodiversity and ecological value. No
protected species of fauna were identified during the field survey of the surrounding
land or in the literature review of the nature conservation interest in the area.
Although no significant ecological impacts are anticipated, some mitigation
measures are suggested as a good practice to decrease the damage to the site’s
flora. The species around the water discharge path/canal and areas away from the
power project units shall be left untouched to take chance to propagate as a group of
genetic resources in the flora of Egypt.
The elimination of wild species has no negative environmental impact because of
their abundance in the Mediterranean Costal Region. It is expected that these plants
will re-immerge again even if they are eliminated by the normal dissemination
process.
The key potential impacts of the construction and operation of the power plant on
surrounding areas (ie excluding direct effects on the site itself) are as follows:
elevated noise levels due to construction and operation of the proposed power
plant, consequently causing disturbance to fauna (although it should be noted
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that animals normally become accustomed to constant elevated background
noise and are less disturbed with time);
movements of vehicles and personnel which may disturb fauna or damage flora;
contamination on-site which may migrate and cause damage to flora and fauna
surrounding the site.
The potential impacts of the proposed development on the surrounding flora and
fauna are minimised due to the following factors and mitigation measures:
areas surrounding site do not contain any habitats of nature conservation
importance and no protected species have been identified - therefore, the
ecological value of the site area is not sensitive to disturbance;
noise will be controlled during construction and operation, and dissipates rapidly
with distance from its source, hence any disturbance during construction and
operation will be localised (see Section 6.4);
fauna will become accustomed to the continuous nature of the noise emitted
during the operation of the power plant and any disturbance will decrease with
time;
personnel and vehicles will be restricted to within the boundaries of the
construction site, laydown areas and access roads, and will be not be permitted
to enter surrounding land;
risk of migration of contamination will be minimised by the mitigation measures
set out in Section 6.7.
Given that the potential impacts of the construction and operation of the proposed
power plant are localised, and the nature conservation interest of the area is low,
there are no predicted significant effects.
6.5.5 Conclusion
The potential impacts of the development of the power plant has been assessed in
terms of the following:
loss of habitat, and subsequently the loss of cover and food for fauna;
increased noise, air pollution (dust) and movements of people and plant causing
disturbance to fauna on and in the vicinity of the site.
Since the site itself and immediate surrounding areas have very low nature
conservation interest, in terms of habitats and species of fauna, the landtake and
any disturbance caused by the power plant is predicted to have minor impacts on
flora and fauna which are not significant.
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6.6

LAND USE, LANDSCAPE AND VISUAL IMPACT

6.6.1 Introduction
The assessment of landscape and visual impact has addressed the following:
landscape resources;
visual amenity.
The impacts on landscape resources have been assessed by considering the
following:
nature and value of landscape resources likely to be displaced by the project;
character of the landscape and its ability to accommodate change;
visual relationship between the site and its setting during construction and
operation.
The severity of impact depends on both the magnitude of change to the landscape
(which depends on the nature and scale of the development and its visibility as well
as the extent to which existing landscape character will be changed) and the
sensitivity of the landscape to change. Sensitivity of the landscape depends both on
its intrinsic quality and explicit value (according to any landscape designation), and
on its ability to accommodate the changes imposed by the scheme. Thus, a major
impact would occur where both the magnitude of the impact and the sensitivity of the
landscape is high.
As with landscape impact, impact on visual amenity is a function of the magnitude of
change and sensitivity of receptors. The magnitude of any impact depends on the
following:
obstruction or the extent to which existing views are blocked;
intrusion or the extent to which existing views are impinged upon;
qualitative change to the landscape;
number of people/receptors which are affected.
A major impact on visual amenity would generally arise where an impact of high
magnitude affects receptors of high sensitivity, especially where receptors are
numerous.
6.6.2 Effects on Landscape Character
The power plant will be a substantial structure which, within the surrounding flat
terrain, will be highly visible for 5 km along the coast and several kilometres inland.
Despite this, its impact will be mitigated by the following:
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absence of any explicit landscape protection or designation of importance;
large scale of the surrounding landscape, which is able to visually accommodate
the structures of the power plant.
Thus, while the power plant will be highly visible, both the magnitude of impact and
the sensitivity of the landscape is limited. Hence, the landscape impacts are
predicted to be minor.
6.6.3 Visual Impact
The number of residential properties and people with close views (less than 2 km) of
the power plant will be limited to the occupants of the Burullus power plant workers
colony, if placed to the immediate surroundings of the power plant site, and far
scattered tourist facilities to the east of the proposed site.
All existing views in the area are strongly influenced by the construction of the new
Burullus power plant. Although the proposed power plant will enhance the industrial
appearance and scale of the Mutubas complex, the potential additional visual impact
will be mitigated by the wider character of the area, such that the visual intrusion of
the power plant will be reduced against this context.
Hence, the visual impact of the proposed power plant will be minor.
6.6.4 Conclusion
The assessment of landscape and visual impact has addressed the following issues:
landscape resources;
visual amenity.
Due to the large scale of the flat land surrounding the project, the new industrial
infrastructure of the power plant that will be created in the area would be acceptable
from local people, given the benefits they will gain from the project. Thus the
potential landscape and visual impact of the project will be minor.
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6.7

SOILS, GEOLOGY, HYDROGEOLOGY AND TOPOGRAPHY

6.7.1 Introduction
The assessment of the impact of the proposed development on the soil, geology and
hydrogeology and topography has considered the following issues:
direct effects of landtake;
physical effects of construction activities on the soil profile;
potential contamination from existing site uses and construction and operation
of the proposed power plant;
effects on groundwater resources;
risk of seismic activity (discussed in Section 6.11).
The assessment is based on information obtained from reports prepared by the
National Research Institute of Astronomy & Geographics, and Commercial Services
Corporation (CSC) Consulting Firm describing the geology and geophysical
structure of the site and its surroundings.
6.7.2 Direct Effects of Landtake
The proposed site has an area of approximately 105 ha (250 feddan), of which
approximately 60% will be covered by hardstanding and buildings following
construction.
There are no special, sensitive or protected soil or geological features within the
site, hence the development of this area of land will not have any significant impacts
on soil or geological features.
6.7.3 Effects on Soils and Geological Features during Construction
There are no special, sensitive or protected soil or geological features or mineral
deposits within the site, hence the development of this area of land will not have any
significant impacts on soil or geological features or no mineral resources.
Construction activities can potentially alter the soils physical make up through a
number of construction processes, including:
site preparation;
top soil removal and temporary mounding;
excavation for foundations;
provision of temporary drainage systems;
excavation of trenching.
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These activities can alter the soils make up through compacting the soil (reducing
infiltration and aeration) and by changing the surface topography. These changes to
the site may potentially affect recharge and drainage rates to local groundwater and
surface water resources. However, given the ground water recharge rates at and
around the project site are minimal and groundwater is not abstracted in the vicinity
of the project area, the impact of power plant construction on local water resources
is considered to be insignificant.
The potential for these direct impacts on the soil is largely dependent on the
management of the construction site and activities. A range of mitigation measures
will be implemented to protect soils (and, as a result, groundwater and surface water
resources) from the direct impacts of the construction and of the proposed power
plant. These measures include the following:
engineered site drainage systems will be provided to collect, balance, treat as
required and control the discharge of site run-off (see Section 6.3);
vehicles and personnel will be restricted from accessing areas not designated
for construction to prevent accidental or unnecessary disturbance or
compaction of the soil;
spoil from construction activities will be monitored and controlled; waste
materials which are unsuitable for reuse on-site, for example for landscaping,
will be disposed of at an appropriately licensed sanitary landfill site;
construction laydown areas will be restored to an equivalent standard to their
existing condition upon completion of construction.
The inclusion of the mitigation measures means that there will be no significant
direct impacts on soils or geological features.
6.7.4 Risk of Ground Contamination
Following geotechnical investigations carried out by a specialized consultant, the
topsoil cover has been investigated to a normal depth and found clean. The site,
accordingly is considered to be uncontaminated (being an unused area). However,
the construction and operation of the proposed power plant has the potential to
cause some contamination through spillages and leaks, especially around fuel
storage areas during construction and fuel and chemical storage areas and supply
lines for any hazardous substances during operation.
Potential contaminating substances which will be present on the site during
construction and operation will include fuels, lubricating oils, hydraulic fluids, water
treatment chemicals, plant cleaning chemicals, sanitary effluent and detergents.
The risk of land contamination will be minimized through a range of mitigation
measures. These are considered below as appropriate to the construction and
operation phases of the power plant.
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During Construction
Land contamination will be minimized through the following mitigation measures:
provision of engineered site drainage systems during construction and
operation to collect, balance, treat as required and control the discharge of
site run-off;
protection of the soil from accidental pollution by bunding around proposed
storage areas for fuel and chemicals with the capability to store at least
110% of the volume of the storage facilities;
provision of oil interceptors, such as oil/water separators for the removal of
pollutant loading from the site drainage and for the retention and
containment of any accidental discharges during construction and
operation;
removal of waste materials unsuitable for re-use on site during construction
to appropriate licensed sanitary landfill sites;
management of excavations during construction so as to avoid the
generation of drainage pathways to underlying aquifers; and
provision of impermeable bases in operational areas to prevent absorption
of any spillage of process materials.
The potential for contaminated sediments to be excavated during construction of the
cooling water discharge and inlet structures is discussed in more detail in Section
6.3.2.

During Operation
Ground contamination during operation will be minimized through implementation of
the following mitigation measures:
Bunds or sumps will be installed on-site to isolate areas of potential oil or
other spillages, such as transformer bays, from the site drainage system.
Oil and chemical storage tanks will have secondary containment structures
that will hold 110% of the contents of the largest storage tank.

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 6- Page 145 of 190

Areas for unloading oil and hazardous chemical materials will be isolated
by curbs and provided with a sump. Removal of such material will be via
manual action, and not via an automated control..
The transformers will be provided with an underground collection system
sized to retain 110% of the coolant capacity of the largest transformers
plus deluge water (for the worst single catastrophic failure), plus storm
water (as per the local design conditions). This system will be connected
to an oil separator which will normally function to separate storm water
collected from within the transformer foundations from any oil
contamination prior to discharge. The transformers will not contain PCB’s.
Stormwater runoff from equipment slabs that may be subject to oil
contamination exposure will be collected and channeled through an
oil/water separator prior to discharge into the discharge structure.
With these mitigation measures in place, the construction and operation of the
proposed power plant is not predicted to cause any ground contamination on-site or
of the surrounding land.
6.7.5 Groundwater Quality and Recharge
The volume of water entering the aquifer from the proposed site is currently
considered to be negligible. Creation of areas of impermeable hardstanding on the
site will not therefore significantly affect groundwater recharge in the area.
The mitigation measures set out in Section 6.7.3 will minimize the risk of
contamination of groundwater from the proposed power plant during its construction
and operation. As a result, no significant impacts on groundwater resources under
the site are predicted during construction or operation.
6.7.6 Conclusion
Due to the characteristics of the soils and geology of the site, in particular the lack of
any sensitive features, and the mitigation measures proposed as part of the
construction and operation of the power plant, no significant impacts are predicted to
occur. In addition, after thorough geotechnical investigations for the site topsoil
cover has been found uncontaminated.
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6.8

TRAFFIC

6.8.1 Traffic Assessment Methodology
Analysis of traffic impacts during construction and operation of the power plant
utilized both historical and field data. The statistical analysis, undertaken and
reported in detail in baseline study performed by the Faculty of Engineering, AlAzhar University, Transport and Traffic Professor Dr. Ibrahim Mabrouk for this EIA
report requirements, considered an analysis of traffic speed and growth.
The assessment considers the main roads linking the site with the surrounding road
network as well as the regional roads, as indicated in Section 5.10.
There are no Egyptian standards or World Bank guidelines with respect to assessing
the significance of changes in traffic flow on road networks. The analysis presented
here and undertaken by Prof. Dr. Ibrahim Mabrouk compares the anticipated impacts
with guidance reported in the Highway Capacity Manual (HCM), 2000 of the US
Federal Highway Administration (FHWA).
6.8.2 Traffic Analysis During Construction
The schedule for construction works, the anticipated volume of traffic generated and
the routes used, is discussed in detail in Section 4.7 of this report.
Three mathematical models were developed in order to estimate projected growth of
the existing traffic flows to the year during which peak construction activity is likely to
occur (2015/2016) and the tentative year of completion 2016/2017. The traffic growth
rates derived from the models were used to estimate traffic volumes for 2017/2018.
Current Level of Service (LOS)
The traffic analysis is based on estimating the Level of Service (LOS) of the
Alexandria/ Rashid Coastal Road. LOS is a qualitative measure that describes the
operational conditions within a traffic stream and the perception by motorists and
passengers. The LOS analysis was carried out by Prof. Dr. Ibrahim Mabrouk, as
described by the Highway Capacity Manual (HCM), last edition, published by the US
Federal Highway Administration (FHWA) in 2000 for two-way two-lane highways. In
addition, speed analysis was used to estimate the average travel speed along the
two roads and to assess the variation of the average speed.
The LOS is classified using a lettering system as set out below.
To conceive the traffic operating conditions under any of the levels C, D or E the
following descriptions are used by the HCM.
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LOS A; describes completely free-flow conditions, i.e. the operation of
vehicles is virtually unaffected by the presence of other vehicles.
LOS B; describes free flow, although the presence of other vehicles begins to
be noticeable.
LOS C; average speed is about 85 km/hr on level terrain; unrestricted passing
demand exceeds passing capacity; percent time delay up to 60%; service flow
rate starts from 750 up to 1200 passenger car per hour (pcph) in both
directions.
LOS D; average speed of 80 km/hr can still be maintained under ideal
conditions; unstable traffic flow is approached; passing becomes extremely
difficult because passing capacity approaches zero; percentage time delay
approaches 75%; maximum service flow rates of 1800 (pcph) in both
direction.
LOS E; Speeds will drop below 80 km/hr under ideal conditions; passing is
virtually impossible; capacity is 2800 (pcph) in both directions; percentage
time delay exceeds 75%.
A volume-to-capacity ratio is calculated and related to the level of service. This
analysis is carried out for different sections of International Coastal Road, which is
the only road concerned in this study.
6.8.3 Level of Surface (LOS) for National Roads
The peak hour volume for the National roads is ranging between 10% -15% of the
daily traffic volume. This rate is applied to all National roads within the study area.
Table 6-27 shows the volume-to-capacity ratio for the National highways during the
peak hour, where this ratio illustrates that the level of service of all the studied roads
is Level (A).
Table 6-27
Peak Hour Volume and Volume-to-Capacity Ratios (V/C)
for the National Roads in Year 2015
National Road
Cairo/Alexandria Desert Highway
Cairo/Alexandria Agr. Highway
Suez / Ismailia Highway
Cairo/Suez Desert Highway
Port Said / Ismailia Highway
Cairo / Sokhna Freeway
International Highway

Peak Hour Volume
(Veh/hr/dir)
2030
6330
1504
1115
1663
984
972

Volume-to-Capacity
Ratio (V/C)
0.23
More than 1
0.37
0.25
0.41
0.15
0.24
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The volume-to-Capacity calculations in this
follows:
Cairo/Alexandria Desert Highway
Cairo/Alexandria Agricultural Highway
Suez / Ismailia Highway
Cairo/Suez Desert Highway
Port Said / Ismailia Highway
Cairo / Sokhna Freeway
International Highway

table are based on lane capacity as
: 2200 veh/hr.
: 2000 veh/hr.
: 2000 veh/hr.
: 2200 veh/hr.
: 2000 veh/hr.
: 2200 veh/hr.
: 2000 veh/hr

6.8.4 LOS for Surrounding Roads
The regional highway capacities are determined according to specification in
Highway Capacity Manual (HCM, 2010). The level of service for the regional road is
determined from the results of the traffic survey for this road and the volume-tocapacity (v/c) was calculated during the peak hour as it is considered to be the
critical hour in day for traffic on any road. The volume to capacity ratios for the
Coastal International Highway for traffic coming to Alexandria direction has a peak
flow of 972 vehicle/hour (Table 6-28). While the traffic in the opposite direction i.e. to
Baltim has a peak flow of 942 vehicle/hour (Table 6-28). The capacity of this road is
considered as 2000 pcu/hour/lane. The table below shows that the level of service
during the peak hours for the Coastal International Highway is level of service (A).
Table 6-28
Volume-to-Capacity Ratios for Coastal International Highway
Peak Hour
Volume (V)*

Capacity **

Volume-ToCapacity Ratio
(V/C)

Coming to Alexandria

972

2000

0.24

Coming to Baltim

942

2000

0.23

Direction

* Peak hour flow during the peak in typical traffic day for each direction (pcu/hour).
** The capacity is (2000 pcu/hour/lane)

6.8.5 Generated Traffic due to construction and operation of Burullus Power
Plant
An important step in conducting the traffic impact analysis is to estimate the traffic
generated during the construction of the power plant during peak hours. The amount
of traffic generated is directly related to the type and density of land development
inside the plant.
In this respect, the Egyptian Electricity Holding company has provided two cases of
generation: during construction and post construction (i.e. during normal plant
operation). These traffic generation data are stated in Table 6-29.
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The generated traffic on the surrounding road network is related to the
characteristics of the study area as well as the inbound / out bound of the power
plant.
It should be noted that the estimation of the Egyptian Electricity Holding company is
related to similar sites, which generates the same pattern of traffic and it should be
born in mind that the given figures are approximated ones to guide the traffic
analysis for the new site.
Table 6-29
Traffic Generation Data for Burullus Power Plant
a- During Construction
Generated traffic
Morning Shift
Vehicle Type

Max. no. of
vehicles (veh/hr)

Total
during shift

10
82
2
94

100
164
4
268

Heavy Goods Vehicles
Private cars/ light goods veh.
Abnormal Loads
Total

Evening Shift
Max. no. of
Total
vehicles
during shift
(veh/hr)
0
0
44
88
0
0
44
88

Source: Egyptian Electricity Holding Company.

b- During Operation
Generated traffic
Vehicle Type
Heavy Goods Vehicles
Cars/ Light Goods Vehicles
Total

Peak Period
(veh/hr)
6
81
87

During day
(veh/hr)
12
162
174

Source: Egyptian Electricity Holding Company

6.8.6 Traffic Impact Analysis (TIA)
The traffic impact analysis depends on estimation of the peak hour volumes during
both construction stage and operation stage of the power plant. A comparison of the
level of service will show the amount of impact envisaged by the power plant. Also
the impact of carriageway conditions and traffic composition as well.
TIA at the Surrounding road
The analysis is conducted on the main road linking the project site with the
surrounding road network as well as the regional roads. Roadway or traffic
operational improvement would be addressed as alternative site improvements, and
would be evaluated for peak hour effectiveness. The analysis will be carried out for
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two cases: during construction and post construction i.e. during the operation of the
project.
In the case of construction period, the generated traffic related to construction period
will be superimposed on the existing traffic flow to produce the expected traffic
during construction. The traffic growth was estimated using the traffic growth trend
on the national Egyptian highways Figure 6-53.
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Figure 6-53
Annual Average Daily Traffic Growth and the Regression Line
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Therefore, the peak hour traffic on Coastal International Highway is expected to be
increased by about 5% during the first year of construction (2015).
In the case of operation stage, traffic volumes for Coastal International Highway in
year 2016 were estimated based on an annual rate of increase of about 5% to the
existing traffic relative to the base year traffic counts at year 2015. This means that
the traffic counts of 2015 were expanded to the expected future conditions, and then
the generated traffic from the power plant was added to the forecasted traffic.
Traffic Volume on Coastal International Highway with and without the New Power
Plant (vehicle/hour) is given in Table 6-30.
Table 6-30

Traffic Volume on Coastal International Highway
with and without the New Power Plant (vehicle/hour)
1- Traffic volumes in year 2015
Morning Peak Hour
Direction

Without
Construction

To Alexandria

972
(from table 8)

To Baltim

942
(from table 8)

During
Construction
1066
(972 + 94 from
table 9)
1036
(942 + 94 from
table 9)

Evening Peak Hour
Without
Construction
631
(from survey)
583
(from survey)

During
Construction
675
(631 + 44 from
table 9)
627
(583 + 44 from
table 9)

2- Expected traffic volumes in year 2016
Morning Peak
Direction

Evening Peak

Without
Construction

During
Construction

Without
Construction

During
Construction

To Alexandria

1021

1115

663

707

To Baltim

990

1084

613

657

3- Expected traffic volumes in year 2017
Morning Peak
Direction

Evening Peak

Without
Construction

After
Construction

Without
Construction

After
Construction

To Alexandria

1072

1159

696

740

To Baltim

1040

1127

644

731
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4- Expected traffic volumes in year 2018
Morning Peak
Direction

Evening Peak

Without
Construction

After
Construction

Without
Construction

After
Construction

To Alexandria

1126

1213

731

818

To Baltim

1092

1179

677

764

It is concluded from Table 6-30 that during construction year 2016, the results show
that the traffic volume is at its maximum level for Coastal International Highway in
year 2016 and is equal to 1115 veh. /hr in Alexandria direction. In the opposite
direction (To Baltim) the traffic volume is equal to 1084 veh/hr. Therefore the V/C
ratio will be increased from (0.24) in the base year 2015 (without construction) to
(0.27) which means that the level of service will be the same level (A). While during
operation of Burullus power plant and after construction (year 2018), traffic volume
at its maximum will be 1213 veh/hr in Alexandria direction. In the opposite direction
(To Baltim) the traffic volume is 1179 veh/hr. During this period, the volume-tocapacity ratio will be (0.30), and level of service will still be level (A).
Headway analysis
Headway describes the characteristics of time headways between car arrivals; this
can be described by the following formula:
P (h

t) = e - (

*t)

…………………………………………… (1)

h : probability of headway greater than certain time ( t ) in seconds
: average arrivals in seconds = q / 3600
e : Euler's number = 2.7182818
q : traffic volume in veh/hr
: average headway in seconds = 3600 / q = 1 /
During Construction stage (Existing condition )
From traffic volume data in main road (Coastal International Highway) , Traffic
volume per lane q=558 veh/hr (Table (10) expected volume 2016: 1115 / 2 = 558)
: average arrivals in seconds = q / 3600 = 0.155 veh/sec
= 3600 / 558 = 6.45 sec
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Then

P (h

t) = e - (

*t)

= 0.028

During operation stage
From traffic volume data in main road (Coastal International Highway) , Traffic
volume per lane q=607 veh/hr (Table (10) expected volume 2018: 1213 / 2 = 607)
: average arrivals in seconds = q / 3600 = 0.168 veh/sec
= 3600 / 607 = 5.93 sec
Then
P (h t) = e - ( * t ) = 0.035
Average time headways ( seconds)
Stage
Time

During Construction stage
6.45 sec

During Operation stage
5.93 sec

It is clear that there is only slight changes found, which means that during neither
construction nor operation stage, these generated traffic has impact on traffic
conditions on Coastal International Highway.
Gap acceptance
When the vehicles leaving the project site , they leave and merge within gaps
between vehicles on the main road (Coastal International Highway).
During the peak hour, if the number and lengths of accepted gaps of traffic volumes
on the main road permit the leaving vehicles to merge with the traffic moving on the
main road, then no need to construct traffic signal at the exit of the site .
Consequently it means that these leaving vehicles has no impact on traffic
conditions on Coastal International Highway.
The number of vehicles ( qN ) that leaving the project site and can merge within the
gaps between vehicles on main road ( q H ) can be calculated from the following
equation:
qN = qH e - / (e - 1)
where:

= qH / 3600 . t f
= qH (t c - t f)
t c : accepted gap on main road = 5.5 sec
t f : following headway of vehicles leaving the project site
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= 2.6 sec

During Construction stage
From traffic volume data in main road (Coastal International Highway) :
Traffic volume per lane q = 558 veh/hr (Table (10) expected volume 2016: 1115 /
2 = 558)

t c = 5.5
t f = 2.6
= (558 / 3600) × 2
= 0.40
= (558 / 3600) × (5.5 - 2)
= 0.449
- 0.449
0.40
qN = 558 (e
) / (e
– 1) = 717.2 veh./ hr
Since the expected traffic during construction stage which leaving the project site is
94 veh/hr (table 9-a) and less than the allowable merging number 717 veh/hr
(deduced from above equation) . Consequently, it means that these leaving vehicles
has no impact on traffic conditions on Coastal International Highway.
During operation stage
From traffic volume data in main road (Coastal International Highway) :
Traffic volume per lane q = 607 veh/hr (Table (10) expected volume 2018: 1213 /
2 = 607)
t c = 5.5
t f = 2.6
= (607 / 3600) × 2
= 0.438
= (607 / 3600) × (5.5 - 2) = 0.488
qN = 607 (e - 0.488 ) / (e 0.438 – 1) = 676.5 veh./ hour
Since the expected traffic during operation stage which leaving the project site is 87
veh/hr (table 9-b) and less than the allowable merging number 676 veh/hr (deduced
from above equation). Consequently it means that these leaving vehicles has no
impact on traffic conditions on Coastal International Highway.

Simulation model
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Simulation is made to model the process of arrival of vehicles, placement of the
appropriate servicing facility, loading and unloading, departure of the vehicles,
waiting vehicles, …. etc.
Arrival of vehicles at the project site has been determined following Poisson
distribution at an average rate of 83 vehicles per hour (in the most critical condition
for loading soil)
In this case, the probability of a headway greater than or equal to ( t ) seconds will
be:
P( h t) = e – t
Q = 83 veh / hr
= Q / 3600 = 83 / 3600 = 0.02306 veh/sec
…………….. ( 1 )
P ( h t) = e – t = e - 0.02306 * t
Take log for both sides
Loge [ P ( h t ) ] = Log e - 0.02306 * t
Loge [ P ( h t ) ] = 0.02306 × t
t=
[ 1 / ( 0.02306 ) ] × loge [ P ( h t ) ]
t=
43.4 loge [ P (h t) ]
t = 43.4 loge [ 1 / P (h t) ] ………………………. ( 2 )
Time headway between arrivals can be estimated by substituting the value of
random numbers [ P ( h t) ] in the equation (2).
Same method can be followed to calculate the service times for the arrived vehicles
to the project site.
Each vehicle is simulated to calculate the waiting time and waiting line ( max no. of
waiting vehicles in the same time in queue).
The calculated arrival times, service times, waiting time and waiting line are
summarized in Table 6-31.
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Table 6-31
Simulation Model Output for Loading and Unloading Activities of the Vehicles
Entering the Project Site

Veh .
No.

Random
no.(a.t)

Time
headway,
s

1
2

Arrival
time, s
= TAT

Cum ulative
headway

0

Waiting
time, s

Tim e
entering,
s

Random
no.(s.t)

Service
tim e, s

Departure
tim e, s

4

0

0

0.12

179

179

183

0.92

5

5

4.6

179

183

0.79

20

204

208

3

0.79

14

19

9.3

189

208

0.10

199

407

411

4

0.56

34

52

17.4

359

411

0.11

186

597

601

5

0.95

3

55

13.8

546

601

0.58

47

647

651

6

0.91

6

61

12.2

591

651

0.27

111

763

767

7

0.15

110

170

28.4

597

767

0.72

28

795

799

8

0.76

16

186

26.6

612

799

0.32

97

896

900

9

0.69

32

931

935

1054

1058

0.07

159

345

43.1

555

900

10

0.71

20

365

40.5

571

935

0.25

119

11

0.07

157

522

52.2

537

1058

0.18

147

1205

1209

12

0.55

35

557

50.6

653

1209

0.55

51

1260

1264

13

0.70

21

577

48.1

687

1264

0.75

24

1288

1292

14

0.07

153

730

56.2

562

1292

0.47

7

1299

1303

15

0.59

31

761

54.3

542

1303

0.91

8

1311

1315

16

0.95

3

764

50.9

551

1315

0.54

53

1367

1371

17

0.11

126

890

55.6

481

1371

0.68

32

1403

1407

18

0.05

176

1066

62.7

342

1407

0.16

155

1562

1566

0.09

139

1205

66.9

361

1566

0.94

5

1572

1576

0.64

26

1231

64.8

345

1576

0.69

32

1608

1612

19
20

The max. waiting line ( no. of waiting vehicles ) in the project site is found to be 2 vehicles.
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The results of the simulation model showed that the maximum waiting time in the
project site is 11 minutes and the maximum waiting line is 2 vehicles which means
that neither during construction nor operation stage, these generated traffic has an
impact on traffic conditions on Coastal International Highway

Queuing analysis
Queuing theory deals with queues by deducing characteristics through mathematical
analysis since it has advantage of simplicity and ease of use over simulation.
Queuing theory formulas provide useful information for the design and analysis of
waiting line system. For instance, the average number of traffic units in the queue
and the average number in the system.
The various formulas used to analyze the queuing characteristics are shown in
Table 6-32.
Table 6-32
Single Station Queuing with Poisson Arrivals and Exponential
Service Times for Steady State Conditions
S.N
1
2

Queuing Model
P (n)= ( /µ) (1- ( /µ) = n (1- )
n

=

/ (µ- ) =

/ (1- )

3

Var (n) = µ / (µ- )2 =

4
5

= 2 / (µ (µ- )) =
F(d) = (µ- ) e -µ)d

6

= 1 / (µ- ) sec.

7

=

2

)]
) µt

P(d

t) = 1- (e- (1-

9

P(w

t) = 1-

/ (1- )

= average no. of vehicles in
system
Var(n)= variance of no. of vehicles
in system (n)
= average length of queue
F(d)= probability of having spent
time d in system
= average time spent in system

/[µ(µ-

8

/ (1- )2

Description
P(n)= probability of having exactly
n vehicles in system

(e- (1-

)

) µt

)

= average waiting time spent in
queue
P(d t) = probability of having spent
time t or less in system
P(w t) = probability of having
waited time t or less in queue

= average no. of vehicles arrival per unit time
µ = average servicing rate ( no. of vehicles per unit time )
= traffic intensity or utilization factor = /µ
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During Construction stage (Existing condition )
If the expected unloading time at the project site is 22.5 minutes ( for a heavy
vehicle carrying steel for reinforcement) and the average rate of arrival is 2 vehicles
per hour , then :
1- The average delay in queue in the project site
= 2 truck / hour
µ = 60 / 22.5 = 2.66 truck / hour
p = / µ = 0.7518
= / [ µ ( µ - ) ] …………. (equation 7 in Table 12)
= 2 / [ 2.66 ( 2.66 -2 ) ] = 1.14 hour/ truck
In spite of the average waiting time seems to be long but it has no impact
on traffic conditions on Coastal International Highway due to the available
large parking spaces in the project site.

2- The expected queue length (number of vehicles) that may wait in the project
site
= 2 / [ µ ( µ - ) ] = 2 / ( 1- ) (equation 4 in the Table 12)
= ( 2 )2 / [ 2.66 ( 2.66 - 2 ) ] = 2.27 veh.

This queue length has no impact on traffic conditions on Coastal International
Highway due to the available large parking spaces in the project site.

3- The average number of vehicles that exist in the same time in the project
site
= /(µ- )=
= 2 / ( 2.66 -2)
= 1.6 veh.

/ (1- )

(equation 2 in the Table 12)

This accumulated vehicles has no impact on traffic conditions on Coastal
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International Highway due to the available large parking spaces in the project
site.
During operation stage
The expected arrivals in the peak hour is 87 vehicles, this volume has no impact on
traffic conditions on Coastal International Highway due to the available large
parking spaces in the project site.

Shockwaves analysis
Shockwaves phenomenon occur in case of the presence of an obstacle on the road
due to an accident or when large vehicle (trailer) leaving from a site to that road
causing blockage of the two carriageways of that road. In this situation, the queue
grows causing delays, increase of density and decrease of speeds. The transition (
the speed change ) from one state to the other takes place along the shockwave
lines. Furthermore it should be noted that a shockwave remains even after the
queue has dissipated until the vehicles from the queue have accelerated from speed
to the normal speed of the road.
To study this phenomenon in this study, this can be described by the following
formulas:
Ui = (q1 – q2) / (k1 – k2) ……................................. (1)
Where:
U : traffic speed during shockwave occurrence
q1 : traffic volume before shockwave occurrence
q2 : traffic volume after shockwave occurrence
k1 : traffic density before shockwave occurrence
k2 : traffic density after shockwave occurrence
i : sequence number of shockwave in case there are more than one
shockwave
Xi = Ui . ti
Where:
Xi :
Ui :
ti :
q=k.v
Where:

……................................. (2)
length of the queue during shockwave occurrence number ( i )
traffic speed during shockwave occurrence number ( i)
passed time until clearing the obstacle
……................................. (3)
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q : traffic volume
k : traffic density
v : traffic speed
During Construction stage
In this study, if a queue of large vehicle (trailer) leaving the project site (2 vehicles
max) it will cause blockage of the two carriageways of Coastal Int. highway on the
peak time at the exit of the site (point B in the following sketch) .
After 1.5 minutes, one lane will be cleared for traffic movements, and thereafter one
lane of traffic flows past point B.
First shockwave
The situation of shockwave (I) is illustrated in the following figure.

B

A

1

2

I
1, region of undisturbed traffic; 2, queue region; I , The first shockwave
The following table shows the expected data necessary for analyzing the
characteristics of the first shockwave.
Average
speed
Km/hr

Traffic density
K=q/v
k1 = 13.95

location

condition

Traffic volume
Veh/hr

A

No shockwave

q1= 558

40

B

Blockage of two lanes

q2= 0

0

k2= kmax = 300

Given :
q1 = 558 veh/hr (peak hour volume) (Table (10) expected volume 2016: 1116 / 2 =
558)
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V' : average speed = 40 km/hr
k1 = q/v = 558/40 = 20.2 veh/km
q2 = 0 veh/hr (during blockage of the two lanes) , V' : = 0 km/hr
k2 = k max = 300 veh/km
Speed of the first shockwave can be calculated by substituting in the following
equation.
U 1 = (q1 – q2) / (k1 – k2)
U 1 = (558 – 0) / (13.95 – 300) = - 1.95 km / hr
This indicates that after 1.5min, the end of the queue has covered a distance of :
X1 ( at t = 1.5 min ) = U1 × ( 1.5 / 60 ) = - 2.88 × ( 1.5 / 60 )
= 0.048 km = - 48 m
Which means that even if the two carriageways are blocked, the queue has
no impact on the traffic conditions on Coastal International Highway due to
the blockage of the two lanes.
Second shockwave
The situation of shockwave (II) is illustrated in the following figure.

A

B

1

2

I
Shockwave(I)

3
II
Shockwave(II)

After the partial clearing of the blockage resulting from leaving of the trailer (one
lane cleared) , the traffic volume q3 will be 279 veh/hr.
A shockwave (II) forms at the barrier between region 2 and 3 (namely at the front of
the queue) which follows shockwave (I).
The last vehicle stops when the front of the queue meets the back of the queue
[namely when XI ( at t* ) = XII ( t* ) ]
The following table shows the expected data necessary for analyzing
characteristics of the second shockwave .
location

condition

Traffic volume

Average

the

Traffic density
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Veh/hr

speed
Km/hr

B

Blockage of one lane

q2= 0

0

A

No shockwave

q3= 279

40

K=q/v
k2= kmax = 300
K3 = 6.97

Given :
q2 = 0 veh/hr (during blockage of one lane ) , V' : = 0 km/hr
k2 = k max = 300 veh/km
q3 = 279 veh/hr (peak hour volume) , V' : average speed = 40 km/hr
k3 = q / v = 279/40 = 6.97veh/km
Speed of the second shockwave can be calculated by substituting in the following
equation:
U 2 = (q2 – q3) / (k2 – k3)
U 2 = (0 – 544) / (300 – 13.6) = - 0.95 km / hr
The equation of motion of the two shockwaves are:
X1=X2
Where:
X1 = X ( at t = 1.5 ) + UI × t*
= -0.048 + ( - 2.8 ) × t*
---------- 1
*
X2 = UII × t
= - 0.95 × t*
------------------------ 2
From equations 1 and 2, t* can be calculated
-0.048 + ( - 2.8 ) × t* = - 0.95 × t*
t* = 0.045 hr
= 2.7 min
This indicates that after 2.7 min, the blockage time ( i.e. 1.2 min after the start of
shockwave II ), the queue has dissolved.
The maximum distance of the queue from the obstacle (trailer) is achieved after 2.7
min ( see shockwave II )
This can be calculated as follow:
X2

= X ( at t = 1.2 ) + UII × t*
= - 0.048 + ( - 0.95 ) × ( 1.2 / 60 )
= 0.067 km
= 67 m

This indicates that the queue has no impact on the traffic conditions on
Coastal International Highway due to the second shockwave.

6.8.7 Parking Demand
Parking demand differs, in general, by land use type and density. It is also affected
by the presence of public transport modes and laws imposed and the zoning
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ordinances. Parking demand also changes by time due to changes in car
ownership, traffic management measures and changes in employment densities.
International references normally provide parking rates as a percentage of the land
use area or number of employees. For instance, the parking rate for industrial parks
is given as space per 100 or 200 m2 of the gross building area or 10% of the total
employees.
In this study, the total expected employment of Burullus power plant is 400
employees covering all jobs (executive directors, engineers, accountants,
technicians, etc). The plant works three shifts over the 24 hours, each shift is 8
hours (8.00 am-4.00 pm – 4.00 pm-12.00pm – 12.00pm-8.00am).
According to the low possession of private cars to workers in the plant compared to
International Measurements, the car ownership can be calculated from similar places
by 1 car for every 10 workers. As the total number are 400 workers so we need a
parking area for 40 cars, and 10% increase for visitors so the total becomes 45
places. Also parking places should be provided during construction. At least space
for 30 heavy vehicles (1000 m2).
6.8.8 Conclusion and Recommendations
A comprehensive reconnaissance was carried out to define the study area around
the power plant. A video tape was recorded to identify the characteristics of the area
under study.
The power plant is accessible from Cairo through the route: Cairo / Alexandria
desert highway, then the Coastal Int. highway. The power plant is located adjacent
to Coastal International Highway. The site is near to the Mediterranean Sea coast.
There is cultivated land extending from the project site to the north boundaries of
Burullus Lake. There is only one entrance to the site from the Coastal International
Highway there are no obstacles to restrict the movement of heavy vehicles to and
from the site.
Concerning the national Roads connecting the Power Plant to the main ports in
Egypt the following roads are mentioned:
Cairo / Alexandria Desert Highway.
Cairo / Alexandria Agricultural Highway.
Suez / Ismailia Highway.
Cairo / Suez Desert Highway.
Port Said / Ismailia Highway.
Cairo / Sokhna Freeway.
Coastal International Highway
Manual counts were carried out, the traffic surveys taken proved that the prevailing
traffic volumes are low even during peak periods.
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The operational characteristics of the road section (3.0 Km) of the regional road
(Coastal International Highway) passing by the power are identified. Ultimately, the
prevailing level of service of the subject road section proved to be level A.
To anticipate the future traffic condition taking into consideration the impact of the
power plant during both construction stage and operation stage, the traffic growth
was estimated using the traffic growth trend on the national Egyptian highways. The
generated traffic from the power plant is then superimposed on the anticipated traffic
volume of Coastal International Highway in year 2015. It was proved that the V/C
ratio increased from 0.24(prevailing) to 0.30 (future) which means that the LOS is
kept at the level A.
The assessment process is completed by studying the traffic volumes, traffic
composition and roadway conditions. Traffic studies showed that although the
prevailing and future peak volumes are relatively low and the carriageway is well
constructed and furnished with road signs and marking. Yet, the traffic composition
especially at night has a considerable truck percentage (12%) which might cause
impedance to traffic and might be hazardous to heavy vehicles movement. As
mentioned above it is highly recommended to construct the entrance with
acceleration and deceleration lanes to direct the vehicles in and out the power
plant.
For the completion of the study parking demand is considered. Parking demand
differs, in general, by land use type and density. As the total number of employees in
the plant is 400 workers so we need a parking area for 40 cars and 10% increase for
visitors so the total becomes 45 places. The parking supply should be considered
during the planning of the site. Also parking places should be provided during
construction.

As a whole, there is no traffic impedance on the regional road network due to
constructing or operating the power plant.

It is recommended to consider the following:
1- Upgrading the entrance proposed in the study by acceleration and
deceleration lanes and using it as the main entrance to the power plant.
2- Supplying parking space of about 1000 m2 during the construction of the
power plant. Also parking of 45 space should be supplied during operation of
the power plant.
3- The drivers, particularly truck drivers, should be familiar with coastal adjacent
roads, which are characterized by heavy vehicles traffic and narrow right of
way.
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4- Avoid night driving as there is a considerable truck percentage using the road
at night, which might be hazardous to traffic.
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6.9

SOCIO-ECONOMIC EFFECTS

6.9.1 Introduction
The administrative structure within which the power plant is situated is explained in
the First Section of this report.
This section addresses the socio-economic impacts associated with the construction
and operation of the Burullus Combined Cycle Power Plant. The nearest permanent
settlement to the proposed plant is the Burullus area. The Entire Kafr esh-Sheikh
Governorate, with its Districts, Marakez and Cities, is likely to experience the
positive and negative socio-economic impacts from the construction and operation of
the plant. However, Baltim and Burullus city, particularly, may experience the
greatest socio-economic impacts due to its proximity to the plant.
The assessment of impacts draws upon baseline data collected and provided by
AMG, the Egyptian Electricity Holding Company (EEHC) and the Mid Delta
Electricity Production Company (MDEPC) during preparation for this socio-economic
analysis and impact report. No information on existing income levels was available
from the Governorate, the Baltim city and District Authorities.

6.9.2 Resettlement within the Power Plant Area
Involuntary Resettlement
The power plant will be constructed on an existing plot "belonging to MDEPC, and
power will be evacuated through existing network transmission lines. In this context,
the project does not impact on any settlements or assets belonging to other parties.
This has been verified and validated by this ESIA findings that the project will have
no direct impact on land use or terrestrial resources for communities around the
project area. In cases where, during implementation, there may be impacts on third
party property from off-site associated infrastructure, including natural gas pipelines,
etc. provisions will be made in the Contractor's contract for payment of
compensation and relocation of services in accordance with national and
international policy guidelines.
As there are permanent staff settlements within the Kafr esh-Sheikh Region, no
resettlement or displacement of people is envisaged.
6.9.3 Land Acquisition
The plant is sited on land allocated by the Kafr esh-Sheikh Governorate's Executive
Council's endorsement, issued on 24 November 2014 for the development of the
power plant. The land is formally the whole area allocated to the Burullus Power
Plant as a public benefit works. The land is located at 17.5 km west of the inlet of the
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Burullus Lagoon. Historically, all land in Egypt belongs to the state and is assigned
to specific owners only via Governmental authorization.
6.9.4 Employment Generation
A key positive socio-economic impact of the development of the power plant will be
the generation of employment during its construction and operation. MDEPC
proposes to operate a policy of preferential employment of locally resident workers
depending on skills and availability in order to maximize local employment benefits.
This local workforce will be drawn from the Kafr esh-Sheikh areas and their Districts
and other neighboring Marakez and cities.
It should be noted that construction work within the Egyptian Governorates is
traditionally undertaken by migrant labor from Upper Egypt. Migrants are normally
attracted to the area of projects construction within Egypt by the availability of
manual work, which is traditionally not undertaken by indigenous residents. Migrants
find accommodation within the area and its surrounding districts and remain in the
area until employment prospects elsewhere draw them away. Given the plethora of
construction activity ongoing in the North Egypt and Kafr esh-Sheikh areas, the
number of workers available for construction of the power plant, is likely to be high.
Available employment data is described in Section 5-12 of this report.
The estimated employment generated during construction of the plant is anticipated
to be as follows:
80 workers provided by the Architect Engineer;
1200 local employees for the civil work; and
900 local employees for mechanical and electrical work.
Local workers will represent approximately 85% of the civil and mechanical
construction work.
In addition, the Architect Engineer will provide approximately 35 persons who will
manage 35 other local personnel who will in turn manage local teams. Local
employees to cover management activities will represent approximately 75% of the
staff.
The entire labor force will be daily commuters, thus there will be no worker housing
or associated facilities to be erected on site during construction or operation.
Following general practice in the area, minibuses will be provided to bring
construction workers to the site from Kafr esh-Sheikh area and surrounding cities.
The contractors will be responsible for relevant temporary water/toilet facilities
during construction and the need to provide any other services. Workers should
have clean potable water, decent sanitation facilities etc. will be specified in their
contracts.
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Following construction of the power plant, the majority of manual jobs will become
redundant, however given the large number of other construction activities in the
wider area, this is not anticipated to present any negative impacts to the local
workforce.
During operation, the power plant will employ approximately 400-500 people. Both
skilled and unskilled staff will be recruited from the local workforce. Unskilled
positions will include drivers, cooks, cleaners, clerks and secretaries and security
guards. Many of these jobs could be filled by women. The project company will
employ people with due regard to their equal opportunities policy.
The construction and operation of the power plant is therefore anticipated to provide
significant employment opportunities within the Kafr esh-Sheikh area and to the
workforce of the surrounding cities. The employment generated by the power plant
will be an important positive impact of the proposed project.
6.9.5

Gender Analysis

The project is not expected to cause any major negative impacts on either women or
men both during construction and implementation. At implementation stage, the
project will offer employment opportunities to both men and women. While the nature
of work and work environments may be viewed to disfavour women, never-the-less,
and feedback received from the MDEPC, it is expected that approximately 5% of the
total workforce will be women mainly working in administration and both formal and
informal income generating activities associated with construction phases such as
catering services and cleaning. Further indirect jobs of hospitality, cleaning and
catering will be created to serve the 800 employees who will come into the project
site from outside. This will create an estimated 160 jobs or 20%. During operation,
approximately 700 jobs will be created out of which 10% will be women. At national
level, the regular supply of affordable electricity will facilitate household chores
generally reserved for women; expand access to education, including that of girls;
improve the quality of health services, including for mothers and infants; and
facilitate income generating activities undertaken by women such as animal
husbandry, on-farm activities, food processing, clothes manufacturing and others.
The gender equity initiatives being implemented at EEHC and MDEPC are
Significant. Much of what is being promoted is seen at EEHC and MDEPC where
women are present in executive and managerial positions. EEHC and its companies
apply equal employment opportunity in line with the Egyptian Labor law. The law
stipulates equal wages, and includes gender-sensitive benefits such as paid
maternity leave, unpaid child care leave for 2 years for a maximum of 3 children,
shorter working hours for infant feeding purposes, and unlimited unpaid leave for
accompanying spouse abroad. EEHC provides additional social benefits for its staff
particularly for projects in remote areas, such as housing facilities, transportation
services, schooling, medical centers, kindergartens and canteens/outlets for basic
foodstuff. The package of benefits coupled with job security and pension, make
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employment in public sector and government entities such as EEHC attractive,
particularly for women. Example of positions held by women within EEHC include
secretarial, administrative and financial. There are women as Executive Board
Members for Affiliate Companies; the Sector Heads of the following Departments are
women: Strategic Planning; Costing, Commercial and Administrative Affairs for the
Companies; Human Resources; Economic and Financial Studies for Companies; in
addition to a large number of women holding general managerial positions. Within
MDEPC, one of six board members is a woman. Furthermore, gender sensitization is
being given greater prominence, with the recent creation of gender focal points
within the EEHC and its affiliated companies. At MDEPC, a focal point has been
nominated whose responsibilities will include training and creation of gender
disaggregated employment data.
6.9.5 Direct and Indirect Income Effects
Direct Income Effects
The potential direct income effects during construction and operation of the power
plant include:
income from the permanent and temporary jobs that will be provided during
the construction and operation of the plant. Market rates will be paid to all
workers who will, in turn, spend the money in the local economy through
goods and services bought in the area;
income from locally placed orders for goods and services during construction
and operation phases including contracts for the provision of construction
materials and services, maintenance, repairs and equipment servicing, and
the establishment of supply contracts (e.g. security, waste disposal, food,
cleaning, catering, transport, laundry etc.).
Given an estimated average pay levels of USD 150 per month, for semi-skilled and
unskilled labour, the total wage bill will be approximately USD 3.8 million per year for
3 years. Thereafter, during operation, the power plant will have a payroll (including
benefits and overtime) of approximately US$ 1.9 million per year. The local economy
will receive a stimulant, assuming that 70% of the income will be spent in project
area.
The typical annual operational expenditure of the power plant will be in the region of
US$ 4 million, although in years where substantial maintenance is carried out,
expenditure can be expected to rise to US$ 7 million.
Approximately, 70% of this operational expenditure will be spent locally on labor,
consumables, equipment and general maintenance.
Indirect Income Effects
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Indirectly, the power plant is likely to raise the profile of the region, and in securing
the supply of power to the region will attract additional industrial investment resulting
in jobs, improved infrastructure and service provision. Whilst this could be perceived
as having potential negative long-term effects on local culture, the area has a long
established industrial culture associated with many of the industrial activities of the
Region. In addition, long term development plans of the Government of Egypt have
designated the area for some future developments. The power plant is therefore
central to attracting this investment and the positive income-generating potential of
these developments is likely to outweigh any negative impacts.
6.9.6 Pressure on Resources
The project area has within its vicinity, especially the Burullus area and villages,
potential for social tensions between project workers and local population. Much of
such tensions emanate from employment policies adopted by the project contractors,
use of facilities such as health centers and social integration dynamics. Means of
mitigating such occurrences are in place. The Project will construct a dedicated
project campsite where all facilities shall be provided to the incoming labour force to
ensure that no pressure is exerted on local facilities and supplies. The local
communities shall be given priority in supplying goods and services demanded by
the project and its employees. Senior and professional staff of the construction
companies will opt to reside in the near-by city of Baltim which has adequate
facilities to cater for the project workers. The Power Company identified the lodging
requirements of the operational staff and the Burullus P.P. colony is planned to be
constructed next to the power plant site, where provision of colony facilities is
secured.
In conclusion, the project is not anticipated to exert any pressure on local resources
such as accommodation. The workers that will come in from outside Kafr esh-Sheikh
will be skilled labor and capable of renting in existing houses. These are in
adequate supply. This will cater for accommodation, water and food.

6.9.7 Public Services
A potential adverse effect of the power plant is increased demand for public
services, such as water and wastewater provision, housing, education, health
services, etc. An assessment of these impacts however does not suggest that any
negative effects will be experienced.
Drinking water during construction will be supplied to the plant with local water
supply system of Kafr esh-Sheikh area. During plant construction, sanitary water will
be provided also via local water system. During operation, all water for sanitary
purposes will be supplied by the local area water system. Sewage generated at the
power plant will be disposed of via plant sewer system.
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As discussed in the First Section, migrant labor is traditionally attracted to the region
and public services are considered by public officials to be more than adequate to
absorb them. No provision of additional services is therefore considered necessary
during construction or operation of the power plant.

6.9.8 Off-site Activities During Construction
All construction related activities will take place within the area belonging to the Mid
Delta Electricity Production Company. The total area is 1,050,000 square meters
have, already, designated for the new plant. In addition to the area specifically
designated for the plant, there is a reasonable empty space inside the purchased
land next to the power plant site area. All activities related to the construction of the
new plant will therefore take place within the area belonging to the Mid Delta
Electricity Production Company, i.e. there will be no off-site activities or associated
land acquisition during construction.
Transmission lines which will evacuate power generated by the Burullus Power Plant
will add limited connecting transmission lines to the Egyptian network. New 500 kV
lines will evacuate the power generated by the new power project. No resettlement
will be associated to the power interconnecting lines.

6.9.9

Communicable Diseases (HIV/AIDS, STD, TB, Hepatitis)

Impacts on HIV/AIDS, STDs, malaria, communicable diseases and other pandemics
will not directly apply in the implementation of the project mainly because there will
not be a specific colony created to accommodate project employees. However other
diseases such as TB would be of potential danger to workers at the sites. Emission
of dust during construction has a potential for exacerbating the intensity and hence
the spread of TB. The ESMP has elaborated in detail measures for mitigating these
impacts including any potential for exposure to harmful particles from asbestos.
Among the communicable diseases of concern in the area are hepatitis B and C, and
Tuberculosis (TB). The prevalence of TB was estimated to be 32 in every 100,000
people. Government is conducting programs to combat its spread through, among
other programs, DOTS (Directly Observed Treatment Short courses) which in 2005
had coverage of 60%, and a treatment success rate was at 70%. The existence of
HIV/AIDS in Egypt is very low at less than 0.1%. The current figures show
approximately 2,900 to 13,000 people were living with HIV/AID (2009). Although the
prevalence is low, development partners such as USAID, UNFPA, UNICEF and
others are working with Government to enhance awareness which is very low.
According to the EHDR (2010) only 7% of women and 18% of men had
comprehensive knowledge about AIDS. On its part, the project has incorporated a
component of HIV/AIDS, TB and hepatitis awareness and prevention through
workshops for construction workers, information leaflets and peer education.
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6.9.10 Traffic Congestion
The project will potentially cause traffic problems from generated traffic, especially
during construction, and the potential for congestion on local roads. Such traffic will
include that carrying staff, concrete materials; reinforcement, earth moving
equipment, construction materials, paint, steel structure, concrete pipes; and
oversize transport which will be used for special equipment such as turbines and
stator alternators. The volume of light good vehicles (HGVs) traffic will vary between
100 HGV per day during peak periods to an average of 10-30 HGV each day
throughout the period. In addition, approximately 35 abnormal loads are anticipated
to arrive at the plant over the construction period. It is unlikely that any more than
two such loads (i.e. four individual movements) would be necessary on any day
during the construction of the power plant. To minimize any inconvenience, hazards
and damage caused to other road users, local people and the local road network,
the following mitigation and management measures shall be implemented:
(i)

Abnormal load movements will be confirmed with the Competent
Administrative Authority (CAA) and will adhere to prescribed routes.
Their movement will be scheduled to avoid peak hours and notices will
be published in advance to minimize disruption if required by the CAA;

(ii)

Consideration will be given to staggering construction shifts to split
arrival and departure times;

(iii)

Scheduling of traffic will be undertaken to avoid the peak hours on the
local road network wherever practicable; and

(iv)

Construction workers will be transported to the site by contract bus.

6.9.11 Occupational Health and Safety
During Construction: MDEPC will ensure that "construction activities are
undertaken ma manner which does not present hazards to workers' health and
safety. In particular, the project company will establish and integrate policies and
procedures on occupational health and safety into the construction and operation of
the power plant. Emergency and accident response procedures will also be included
in an Environmental Health and Safety (EHS) manual for the power plant. The
following measures will be carried out during the construction phase: (i) compliance
with international standards for good practice; (ii) adherence to local and
international guidance and codes of practice on EHS management; (iii)
management, supervision, monitoring and record-keeping as set out in the plants
operational manual; (iv) implementation of EHS procedures as a condition of all
contracts; (v) clear definition of the EHS roles and responsibilities of the companies
contracted to work on site and to all their individual staff (including the nomination of
EHS supervisors and coordinator); (vi) pre-construction and operation assessment of
the EHS risks and hazards associated with construction and operation, including
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consideration of local cultural attitudes, education level of workforce and local work
practices; (vii) provision of appropriate training on EHS issues for all employees on
site, including initial induction and regular refresher training, taking into account
local cultural issues; (viii) provision of health and safety information; (ix) regular
inspection, review and recording of EHS performance; and (x) maintenance of a high
standard of housekeeping at all times.
During Operation: The following mitigation and management measures will ensure
that the health and safety of staff and any visitors on and to the site is not
jeopardized during operation of the plant: (i) development and implementation of an
Operational Health and Safety Plan with appropriate training; (ii) provision of training
in use of protection equipment and chemical handling; (iii) clear marking of work site
hazards and training in recognition of hazard symbols; (iv) installation of vapor
detection equipment and control systems; (v) development of site emergency
response plans; (vi) all personnel working or standing close to noisy equipment will
be required to wear noise protectors; and (vii) drinking water will be supplied to the
plant via local filtration facilities which will comply with Egypt drinking water
standards and those published by the World Health Organization.

6.9.12 Training of Staff
Among the positive outcomes of the project will the integrated training for
environmental and social management staff of the power company as part of
capacity building but also imparting knowledge (skills transfer). The staff will be
trained in the following areas:
•
•
•
•

general operation of the power plant;
specific job roles and procedures;
occupational health and safety; and
contingency plans and emergency procedures.

The staff training will comprise induction training on appointment; specialist training
(as required for the prescribed job role); and refresher training as required (typically
annually). The training program will be designed to ensure that appropriate skilled
staff are available to operate the power plant at all times. Training and instruction of
Construction staff will be given at the site to increase awareness and draw attention
to waste management issues and the need to minimize waste generation. The
training requirements will be included in a site waste management plan.

6.9.13 Monitoring of Social Impacts
The effectiveness of these social and environmental management and mitigation
measures will be throughout the construction and operation of the power plant. The
on-going consultation, planned in the project through an "open-door" policy during
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construction and operation of the power plant, will ensure the participation of local
communities and other stakeholders. Most importantly these will include:
•
•
•
•
•
•

Local Council and District Authorities;
Government Regulatory Agencies;
Local business and commercial interests;
Local people including population representatives;
Environmental research organizations; and
NGOs and other environmental interests.

Specific responsibilities of monitoring will rest the Project Management Unit (PMU),
Staff (EMS). The EMS will be analyzed and reviewed at regular intervals by the
PMU/EMS and compared with the relevant standards so that any necessary
corrective actions can be taken in a timely manner. Records of monitoring results will
be kept in an acceptable format and reported to the responsible government
authorities and relevant parties (including the Financiers and any other lending
institutions). Monitoring during operation will continue to be with the PMU/EMS
under direct supervising of the Assistant Plant Manager. This/position, will report
directly to the Chairman/ General Manager of MDEPC/HSPP. Results of
environmental monitoring as described above, shall be recorded and submitted the
EEAA, EEHC and to any other party (i.e. the Financiers,.. etc.) as required. The
EEAA, the Financiers and any other lending institutions are entitled to audit the
project company in order to ensure conformity with environmental and social
standards and requirements.

6.9.14 Cultural Effects
As the larger project area is already dominated by variety scale development activity,
no cultural impacts are anticipated as a result of the power plant development. In
addition, migrant manual labor is traditionally welcomed in the region resulting in no
social or community problems.

6.9.15 Enhance Project's Benefits for Local Community
Environmental and Social Management Plan requires that the consultation process
remain ongoing during project implementation and operation. Such continued
consultation between the power generation company (MDEPC) and the neighboring
community be proactively maintained, including through public meetings held from
time to time. Project implementing agencies - EEHC and MDEPC - should maintain
various publicly visible channels for public access to ESIA and other project
documents and activities, including through their websites, and through corporate
and site offices and local municipal public institutions. EEHC and MDEPC should
endeavor to undertake various measures and actions to diminish any adverse
environmental and social impact of the project, enhance project's benefits for the
local community, and build a good corporate social relationship. Such actions could
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include, inter alia, some of the following: regular awareness-building and
consultative meetings with local communities and other stakeholders; assistance
with improving local economic and social infrastructure (schools, places of worship,
village roads, irrigation, shelters, health facilities, etc.); providing local employment
and scholarships; developing a green belt around the power plant; reclaiming desert
land for agricultural use; etc.
The project design has considered enhancing the project benefits through its social
corporate responsibilities program. Resulting from the community requests that local
population, both men and women, be considered for employment opportunities, the
Power Company shall ensure that the construct companies recruit local people
willing and able to participate in the implementation of the project. In addition, the
project has undertaken to construction local clinic and a basic school for the
communities of the project area in liaison with the Ministries of Health and
Education, respectively. Provision of these social amenities will be implemented
under the civil works contracts. Furthermore, social and recreational facilities for the
staff of the Power Company shall be accessible by the local people upon request,
including access to potable water within the project premises.
EEHC and MDEPC expressed their full commitment to implementing the ESMP,
developing good relationship with the local community, contributing to the local
social and economic development, and properly discharging their corporate social
responsibilities in general.

6.9.16 Conclusion
It is clear that the construction and operation of the Kafr esh-Sheikh C.C. power
facility will not result in any problem to the present workforce in the Kafr esh-Sheikh
Governorate and surrounding area. It is, also, anticipated that the new power plant
will provide a net positive socio-economic impact through the provision of
employment opportunities and attraction of economic investment into the area.
In addition, the use of local labor wherever practicable, will maximize these positive
impacts through the development of the local skill base and will also generate
increased demand for local services, materials and products.
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6.10

ARCHAEOLOGICAL, HISTORIC AND CULTURAL HERITAGE

6.10.1 Introduction
This assessment of the predicted impacts on archaeological, historic and cultural
heritage considers the potential effects on archaeological remains.
Once operational, the power plant will not impact upon any archaeological, historic
or cultural remains. However, construction activities, such as site preparation,
excavations, trenching and general construction vehicles on the site may impact
upon any archaeological remains in the soil by:
compaction of the soil profile, causing pressure leading to breaks and cracks in
any remains;
direct removal of any remains from the soil substrate during excavations;
damage to the inherent quality of any remains by construction techniques;
alteration of the local drainage characteristics, which affects aeration and
moisture content in the soil, which may then affect the inherent condition of any
remains.

6.10.2 Potential Archaeological, Historic and Cultural Remains
Notwithstanding that there are no known archaeological remains at the proposed
site, the desk top archaeological review identified the potential for archaeological,
historic and cultural remains on the wider area, in light of the rich archaeological
remains and features known to exist along the northern coast.
Therefore, to ensure that any potential remains are identified and, if present, not
significantly affected by the proposed power plant, the following mitigation measures
will be implemented:
walk-over field survey across the proposed site to identify any visible surface
evidence of remains will be carried out prior to construction, supported by
sample geophysical investigations and/or tenching/trial pits at any potential
locations of interest;
during construction, an archaeological specialist will conduct periodic
inspections of construction works to identify potential archaeological remains as
they become uncovered during earth works.
If any archaeological remains are found, the following mitigation measures will be
employed:
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where possible, remains will be protected in-situ from construction activities, by
relocating non-essential activities and protective measures;
where identified remains cannot be protected, an excavation of the indicated
area will be undertaken prior to the commencement of construction activities to
record and remove vulnerable remains and features;
any finds will be given to the appropriate Competent Administrative Authority;
The incorporation of these precautionary measures into the construction program
will enable the identification and, if required, recording and protection of any
archaeological, historic and cultural remains.
6.10.3 Conclusion
Although there is no known remains of archaeological, historic or cultural importance
at the site, finds cannot be ruled out. Therefore, further archaeological investigation
and mitigation measures have been planned to provide further information prior to
construction and ensure that any archaeological interest found at the site is
appropriately protected and/or excavated.
Therefore, there will be no significant impacts upon known or potential
archaeological, historic and cultural remains.
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6.11

NATURAL DISASTER RISK

6.11.1 Seismic Risk
The Power Station site is vulnerable to small to moderate kinds of earthquakes (<3 –
5.7 on Richter scale). This should be taken into consideration in selection of the
appropriate building code and in engineering designs.
The power plant has been designed to conform to the International Building Code
(IBC) 2003, for Seismic Zone 2A, according to US regulations for earthquake. These
design criteria are therefore considered sufficient to withstand the level of seismic
activity experienced in the Area.
The potential environmental impacts of a seismic event during power plant operation
are not anticipated to be significant.
6.11.2 Flood Risk
The risk of flash flooding in the project area, as indicated in Section 5.2 of this
report, is considered to be low, hence the proposed power plant is largely located in
an area classified as not representing significant flood risk.
The power plant will be designed with a drainage system equipped to protect the site
against potential flooding from a 1 in 25 year storm event. With this provision for
controlling heavy rainfall, no significant impacts are predicted to occur.
In order to further reduce any potential impacts of flooding during construction and
operation, the following measures will be implemented:
during the early stages of construction, a site drainage system will be built,
equipped to protect the site against potential flooding;
site drainage will be constructed in such a way as to dissipate flood waters
away from the main plant areas and to discharge clean waters to the sewer
system and any potentially contaminated waters to the sewer discharge
mains via the oil interceptor;
the access road will be culverted to allow adequate transit of flood waters.
With these provisions for controlling the impacts of the plant as a result of heavy
rainfall, no significant flood risk impacts are predicted to occur.
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6.12

MAJOR ACCIDENT HAZRDS

6.12.1 Introduction
A major accident is defined as a physical situation with a potential for harm to
individuals, infrastructure and buildings, or for impairment and environmental
damage. Major accident hazards of concern with respect to the construction and
operation of the power plant are those with the potential for injury, impairment
and/or damage external to the power plant perimeter.
6.12.2 Assessment of Major Accident Hazards
An assessment of major accident hazards associated with the construction and
operation of the power plant should consider the following issues:
the potential risk to third party hazardous industry, facilities or populations of
the operation of the power plant; and
the potential risk to the power plant posed by third party hazardous industry or
facilities.
Given the land uses surrounding the Burullus power plant and the measures
incorporated into the design of the plant to minimize the risk from fire and explosion,
the plant is not anticipated to pose a potential risk of any significance to any third
party facilities. Furthermore, none of the third party commercial or manufacturing
facilities and activities within 1 km of the site represent a significant risk of a major
accident hazard to the power plant e.g. from fire, explosion, release of toxic gases
etc.
In addition, since natural gas will be delivered to the plant by pipeline, there will be
no natural gas storage facilities on site. Furthermore, no hazardous chemicals will be
held on site in quantities sufficient to pose a major hazard.
Potential accidents may however occur as a result of ruptures to the gas pipeline
during any future development of the area. Whilst the pipeline connection is the
responsibility of GASCO, the following mitigation measures are recommended to
avoid damage to the pipelines:
the minimum reinstated cover should be 1.2m above the pipeline;
above ground markers should be installed so as to clearly indicate the routes
for all pipelines; and
valves should be located within the pipeline so that flow can be halted in the
event of a rupture.
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6.12.3 Risk of Major Accidents on the Power Plant Site
Fire risks were identified by AMG during design of the power plant and in particular
with regard to the following areas of the plant:
the gas turbines;
the Steam Generators (Boilers);
fuel oil storage tanks(1);
transformers;
turbine oil tank;
electrical rooms.
administration building, and
yard area.
The power plant has been designed to be in conformance with the international
code of the National Fire Protection Authority (NFPA), which requires particular
specifications for fire protection (2) and compliance with local fire protection
systems. A Fire Safety Plan is currently being developed and will be
implemented prior to power plant commissioning. A permit from the Egyptian Civil
Defense Authority is required prior to plant operation.
An Industrial Hazard Assessment has not been undertaken and is not considered
necessary since:
measures have been incorporated into the design of the plant to minimize the
risk from fire and explosion; and
the third party commercial or manufacturing facility within 2 km of the site
does not represent a significant risk of a major accident hazard to the power
plant e.g. from fire, explosion, release of toxic gases etc.
A Quantitative Risk Assessment (QRA) has been undertaken and presented
separately in an independent volume.

(1) Flash Point is 55oC: Normal storage temperature for the fuel will be 35oC.
(2) NFPA 850: Recommended Practice for Fire Protection for Electric Plants and High Voltage Direct Current
Converter Stations, 1996.
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6.13

SOLID AND HAZARDOUS WASTE MANAGEMENT

6.13.1

General

Recycling, storage, transportation and disposal measures are recommended to
avoid or minimize potential adverse impacts. The MDEPC will incorporate these
recommendations into a Waste Management Plan that incorporates site specific
factors, such as the designation of areas for the segregation and temporary storage
of reusable and recyclable materials.
Waste management options can be categorized in term of preference from an
environmental viewpoint. The options considered to be more preferable have the
least impacts and are more sustainable in a long term context. Hence, the hierarchy
is as follows:
Avoidance and minimization by not generating waste;
Reusing materials and therefore avoiding disposal;
Recovery and recycling, avoiding disposal; and
Treatment and disposal, according to relevant laws, guidelines and good
practice.
For unavoidable wastes, reuse, recycling and optimal disposal are most practical
when segregation occurs on the site, as follows:
Public fill (inert) for disposal at public filling areas;
Construction waste (non-inert) for landfill;
Chemical waste for treatment at licensed facilities; and
General refuse for disposal at landfill.
Specifically, it is recommended that:
Wastes should be handled and stored in a manner which ensures that they
are held securely without loss or leakage thereby minimizing the potential for
pollution;
Only reputable waste collectors authorized to collect the specific category of
waste concerned will be employed;
Appropriate measures will be employed to minimize windblown litter and dust
during transportation by either covering trucks or transporting wastes in
enclosed containers;
The necessary waste disposal permits will be obtained from the appropriate
authorities, if they are required, in accordance with the Waste Disposal
Regulation and the Government Land Ordinance;
Collection of general refuse will be carried out frequently, preferably daily;
Waste will only be disposed of at licensed sites and site staff and the civil
engineering Contractor will develop procedures to ensure that illegal disposal
of wastes does not occur;
Waste storage areas will be well maintained and cleaned regularly; and
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Records will be maintained of the quantities of wastes generated, recycled
and disposed, determined by weighing each load.
Training and instruction of construction and operation staff will be given at the site to
increase awareness and draw attention to waste management issues and the need
to minimize waste generation. Thee training requirements will be included in a site
waste management plan.

6.13.2 Hazardous Materials and Wastes
Construction and Operation Phase
The management of hazardous materials and wastes will include the following
measures:
Classification, characterization and coding.
On-site storage and handling.
Transportation.
Management considerations involved in all these three main stages may be
summarized as follows:
Classification, Characterization and Coding
According to the Egyptian classification system (EEAA) certain classes of chemical
materials and wastes are specifically listed as being hazardous. Codes for these
types of hazardous materials and waste have been defined. Wastes are known as
"Listed Hazardous Wastes".
On-Site Storage and Handling
Improper storage of hazardous wastes can cause serious accidents, health and
safety problems, and damage to the environment.
Hazardous waste storage facilities can be either on-site, at the property where the
waste is generated, or off-site, at a common hazardous waste storage (plant
warehouse, laboratory, ..etc.) and disposal facility. EEAA recommends the use of
three types of on-site storage facilities:
-

Storage in drums, containing small quantities of liquid or solid waste (easy to
handle and allows for easy segregation of incompatible wastes such as
corrosive and reactive wastes).

-

Storage in tanks for bulk quantities of liquids. Tanks can be constructed
above ground or buried underground. EEAA does not recommend
underground tanks because of their complexity and the high risk of
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environmental damage. Liquids should be periodically pumped to on-site
treatment systems or transferred to tankers for off-site treatment and disposal.
-

Storage in large containers (generally of steel from 1 to 20 tons in capacity)
for bulk quantities of solids. The containers are designed to be hauled by
trucks to an off-site disposal facility and returned for refilling.
Transportation

Operational procedures include the following:
-

Permitting for hazardous waste transportation
Permitting requirements

Article 26 of the Executive Regulations of Law 4-1994 identifies the requirements
and conditions for permitting Hazardous Wastes (HW) handling.
Hazardous waste transportation can be carried out by road, railways or vessels. The
transporter license application requires that the intended mode(s) of transportation
be specified. In this respect, the means of transport used (vehicles, rail wagons or
vessels) need to conform to set technical and safety specifications and equipment.
Figure 6-54 depicts HW transportation system.

With these management procedures, no significant impacts from the
management of hazardous wastes, particularly during demolition phase, will
occur.
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Figure 6-54
Hazardous Wastes Transporting System

Competent Regulatory
Authority
|
Permitting/Enforcement/Monitoring and
Inspection

Haz. Waste
Generator

Waste movement

Hazardous Waste Generator:
Proper waste identification and
classification
Waste labeling and packaging
where applicable
Ensure that transporter and
TD (1) facility used have the
necessary HW licenses
Use of manifest
Regulator:
Grant permits
Implement permit conditions
Revoke permits in case of
violation
Enforce and monitor use of
manifest
Carry out inspection to verify
that generator/transporter and
TDF(2) carry out their
responsibilities

Haz. Waste
Transporter

Hazardous Waste Transporter:
Obtain necessary permits
Use vehicles with proper
specifications and placards
Implement necessary safety
procedures and use safety
equipment
Follow the agreed-upon routing
Carry out vehicle maintenance
and cleaning
Training of all staff
Only accept waste properly
identified and where applicable
packaged and labeled
Use of manifest

Waste movement

Treatment/
Disposal
Facility

Treatment/disposal Facility:
Only accept waste properly
identified and where applicable
packaged and labeled
Use the manifest
Ensure that transporter has a
HW transportation license
Carry out vehicle cleaning
before it leaves the facility

__________________________
(1) TD = Treatment and Disposal
(2) TDF = Treatment and Disposal Facility
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6.14

PUBLIC HEALTH

6.14.1 Air Pollution
The key issue in relation to public health is the potential effects of air pollution from
the plant’s stack emissions. The assessment of air quality impacts presented in
Section 6.2 demonstrates that ground level pollutant concentrations as a result of
emissions from the power plant will not significantly affect air quality. Hence, the
health risks from stack emissions are not considered to be significant.
6.14.2 Disease Vectors
The proposed power plant includes a range of mitigation which will prevent the
encouragement of disease vectors, such as rodents or insects. These measures
include the following:
provision of sanitation during construction and operation;
control and management of solid wastes;
provision of potable and process waste supplies; and
disposal of site drainage and effluent.
With these mitigation measures, the potential for encouragement of disease vectors
is low.
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6.15

OCCUPATIONAL HEALTH AND SAFETY ISSUES

6.15.1 Safety Issues
The proposed Burullus power plant site is currently unused and no environmental
features or characteristics have been identified which could cause special
occupational health and safety impacts. In particular, as an unused area, ground
cover to a depth of more than 2m is clean, therefore no soil contamination is present
and no special construction techniques are expected to be required to build the
power plant.
In addition, there are no commercial or industrial activities bordering the site and
therefore no safety issues associated with third-parties are anticipated.
The Burullus Company will establish and integrate policies and procedures on
occupational health and safety into the operation of the power plant. Emergency
and accident response procedures will also be included in the operation manual
for the power plant. In particular, construction and operation activities will be
carried out on the following basis:
compliance with international standards for good construction and operational
practices;
adherence to local and international guidance and codes of practice on EHS
management during construction and operation;
management, supervision, monitoring and record-keeping as set out in the
plant’s operational manual;
implementation of EHS procedures as a condition of contract with contractors
and their sub-contractors;
clear definition of the EHS roles and responsibilities of the companies
involved in construction and to individual staff (including the nomination of
EHS supervisors during construction and an EHS coordinator during
operation);
pre-construction and operation assessment of the EHS risks and hazards
associated with construction and operation, including consideration of local
cultural attitudes, education level of workforce and local work practices;
provision of appropriate training on EHS issues for all construction and
operation workers, including initial induction and regular refresher training,
taking into account local cultural issues;
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provision of health and safety information;
regular inspection, review and recording of EHS performance; and
maintenance of a high standard of housekeeping at all times.
Given the provision of this high standard of health and safety management on
site, construction and operation of the power plant in accordance with good
industry practice and the lack of any adverse features/characteristics of the site,
the occupational health and safety risks associated with construction and
operation of the power plant will be minimized.
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6.16

ASSOCIATED INFRASTRUCTURE

Connections to the national gas, and electrical infrastructure will be the responsibility
of EGAS/GASCo, EETC/EEHC, and MDEPC respectively. Key potential impacts that
will be considered include:
land use; and
existence of residential communities.
6.16.1

Gas Pipeline

A new gas pipeline will be constructed to extend from existing gas network in north
Delta to the power plant site. EEHC/MDEPC has already submitted a request to
EGAS / GASCo for their gas needs for the new plant which will necessitate an
additional pipeline, and which will follow a proposed route and buried in the route
trenching. Any required modification, including any environmental impact will be
identified and mitigated/managed by EGAS/ GASCo. GASCo will prepare a separate
ESIA/RPF for the gas pipeline project.
6.16.2

Transmission Lines

The Burullus power plant will be connected to the Egyptian Unified Power System
(UPS), which is owned and operated by the Egyptian Electricity Transmission
Company (EETC), an affiliate company to the EEHC, via connecting transmission
lines. Connection methodology includes interconnection to the 500 kV network.
Land expropriation is not likely. However, good compensation, if any, will be paid for
the right of way according to the Law 63 of the Year 1974.
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7.

MITIGATION OF ENVIRONMENTAL IMPACTS

7.1

INTRODUCTION
Mid Delta Electricity Production Company (MDEPC) is committed to
constructing and operating the Burullus C.C. power plant to high
environment, health and safety (EHS) standards.
This section provides a summary of mitigation measures, as well as
environmental enhancement opportunities, for the key EHS impacts which
have been identified through the ESIA process. The mitigation measures
represent a synthesis of those measures which are part of the basic power
plant design and those that have been recommended in Section 6 of this
report for construction and operational phases of the power plant.
The mitigation measures discussed in this section are summarized in Tables
8-4 and 8-5 in Section 8, together with respective environmental monitoring
and management arrangements. It should be noted that many of the
mitigation measures presented below for the construction phase, will be
carried forward into plant Operation.
All the mitigation, monitoring and management measures presented below
and in Section 8 of this report (the Environmental and Social Management
Plan (ESMP)), will be adopted by the Project Company and imposed as
conditions of contract on the contractors and any of sub-contractors
employed to build or operate any part of the power plant. Since many of the
mitigation measures presented are considered an essential, integrated
component of the construction and operation works, it is not possible to
separate the specific costs of their implementation from the overall
construction and operation costs.

7.2

MITIGATION MEASURES DURING DESIGN AND
CONSTRUCTION

7.2.1

Dust Emissions during Construction
As described in Section 6.2.2, dust generated by construction activities could
be significant locally, not only in terms of air quality, but also with regard to
visibility and traffic safety. To minimize dust nuisance, certain good site
practices will be employed as follows:
roads will be kept damp through use of water browsers;
stockpiles of friable materials will be sited and maintained
appropriately (including the use of sheets) so as to minimize dust blow
(such as balancing of cut and fill operations);
drop heights for material transfer activities such as unloading of friable
materials shall be minimized;
the construction phase will begin with the construction of access
roads;
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roads created during construction will be compacted and graveled if
necessary;
roads used on site will be maintained in good order;
access into the site will be regulated;
vehicle speed limits of less than 35 km/hr on dust roads will be
enforced on site; and
lorries and vehicles will be sheeted during transportation of friable
construction materials and spoil.
In addition, to ensure that pollutant levels resulting from transport operations
are kept to a minimum during construction activities, all vehicles being used
on site will meet pollutant emission standards set by the EEAA (Law 4/1994).
7.2.2

Aquatic Environment during Construction
Construction impacts on the aquatic environment are likely to arise as a result
of:
dredging;
construction of the discharge and intake facilities;
surface water runoff; and
pipeline construction across the Mediterranean Sea shoreline, if any.
As discussed in Section 6.3, these activities are likely to result in impacts to
water quality and aquatic ecology.
Given the mitigation and management measures described below, impacts
will be minimized and are not expected to be significant.
For construction activities in the Mediterranean Sea:
dredged areas will be limited to the minimum area required for
construction purposes; and
dredged sediments will be disposed of at a site agreed between the
MDEPC's developers and the relevant local authorities prior to the
commencement of construction activities.
For construction activities on site:
no effluents will be discharged into the Mediterranean Sea during
normal construction activities (a site drainage plan will be
developed to ensure that if any erosion occurs); during storm
events, minimal amounts of sediment will result by reducing the
flow velocity and sediment load before discharge;
temporary stockpiles of soil will be protected from erosion by using a
reduced slope angle where practical and by incorporating sediment
traps in drainage ditches. This can be addressed by a site drainage
plan as described above; and
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good site management practices will be enforced to ensure that the
construction site is kept clean and tidy.
In addition, to ensure access to the Mediterranean Sea shoreline is not
restricted for public use (as decreed by Egyptian Law) and navigation
activities are not jeopardized, the following measures will be implemented:
the shoreline across which the intake and discharge pipes are
constructed will be returned to its original state following construction;
and
navigational signs will mark the navigation route fronting the outlet and
discharge structures.
All construction teams employed and contracts commissioned will incorporate
these mitigation measures as part of Operational Procedure in contracts and
briefs (see the ESMP Section 8).

7.2.3

Noise Emissions during Construction
Specific noise mitigation measures for the construction phase reflect
standard good site management practices and include:
enforcement of vehicle speed limits, strict controls of vehicle routing and
prohibition of heavy vehicle movements during nigh;
diesel engine vehicles and compression equipment will be equipped with
effective silencers;
activities with highest noise emissions (e.g. piling) will be undertaken only
during the day shift (0700 hours - 1800 hours) and between Saturday
and Thursday and not during official holidays; and
personnel will use hearing protection when using or working in the vicinity
of noisy equipment.

7.2.4

Flora and Fauna during Construction
Negative impacts on flora and fauna during power plant construction were
described in Section 6.5.2 and are not considered to be significant. However,
species on or close to the site may be disturbed and displaced as a result of
increased noise, dust and human activity. Good site management practices
as discussed elsewhere in this section, and implementation of the following
mitigation measures, will ensure that any disturbance is reduced to a
minimum:
run-off from construction activities will be attenuated to ensure that
surrounding species/habitats are not significantly affected;
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sediments removed during construction across the Mediterranean Sea
shoreline and Sea bed which may be contaminated, will be disposed of
in a controlled manner, as described in Section 6.3; and
personnel and vehicles will be restricted to within the boundaries of the
construction site, lay down areas and access roads, and will not be
permitted to enter surrounding land.
7.2.5

Soils and Hydrology during Construction
The potential for direct impacts on soil and groundwater during construction,
is largely dependent on the management of the construction site and
construction activities. A range of mitigation measures will be implemented to
protect soils (and, as a result, the limited groundwater resources) from the
direct impacts of constructing the proposed power plant. These measures
include the following:
engineered site drainage systems will be provided to collect, balance,
treat as required and control the discharge of site run-off;
vehicles and personnel will be restricted from accessing areas not
designated for construction to prevent accidental or unnecessary
disturbance or compaction of the soil; and
spoil from construction activities will be monitored and controlled; waste
materials which are unsuitable for reuse on-site, for example for
landscaping, will be disposed of at an appropriately licensed sanitary
landfill site.
a thorough study will be conducted by the Engineering Consultant /
Contractor before digging the site land in the design stage to make sure
that any dewatering will not impact wells water or irrigation activity. The
study area will be expanded to include the nearest cultivated land
In addition, the potential for any transfer of existing contamination will be
minimized through the following mitigation measures:
protection of the soil from accidental pollution by bunding around
proposed storage areas for fuel and chemicals with the capability to store
at least 110% of the volume of the storage facilities;
provision of oil and suspended solid interceptors, such as oil/ water
separators for the removal of pollutant loading from the site drainage and
for the retention and containment of any accidental discharges during
construction and operation;
removal of waste materials unsuitable for re-use on site during
construction to appropriate licensed landfill sites;
management of excavations during construction so as to avoid the
generation of drainage pathways to underlying aquifers; and
provision of impermeable bases in operational areas to prevent
absorption of any spillage of process materials.
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7.2.6

Traffic and Transport during Construction
Construction activities will generate additional traffic on local roads and in
particular, significant volumes of heavy plant traffic and occasional abnormal
loads. To minimize any inconvenience, hazards and damage caused to other
road users, local people and the local road network, the following mitigation
and management measures shall be implemented:
abnormal load movements will be confirmed with the Competent
Administrative Authority (CAA) and will adhere to prescribed routes. Their
movement will be scheduled to avoid peak hours and notices will be
published in advance to minimize disruption if required by the CAA;
staggering construction shifts to split arrival and departure times;
scheduling of traffic will be undertaken to avoid the peak hours on the
local road network wherever practicable; and
construction workers will be transported to the site by contract bus.

7.2.7

Socio-economic Effects during Construction
The assessment of impacts showed an overall positive impact on the local
society, culture and economy. Given that the use of local labor will be
prioritized during construction, no loss of jobs or livelihoods, no land-take or
resettlement is attached to the project (if any, for instance, land-take for the
foot area of the transmission lines’ towers, fair compensation will be applied
and RAP will be activated), no mitigation measures are proposed.

7.2.8

Archaeology during Construction
Whilst careful examination of existing literature and data did not reveal any
sites of archaeological or cultural heritage importance on or around the site,
the existence of archaeological remains cannot be ruled out. Remains could
be unearthed and damaged during construction of the power plant and
ancillary buildings, pipelines, cables and the intake and discharge facilities.
Construction works will therefore be monitored to ensure that in the event of
remains being found construction activities will be stopped and the Supreme
Council of Antiquities will be consulted on the most appropriate measures,
which could include the following:
where possible, remains will be protected in-situ from construction
activities, by relocating non-essential activities ;
where identified remains cannot be protected, an excavation of the
indicated area will be undertaken prior to the commencement of
construction activities to record and remove vulnerable remains and
features;
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any finds of archaeological, historic or cultural significance will be given
to the appropriate CAA; and
preparation of a Chance Finds Procedure which lays out the steps to be
taken if archaeological, historical or cultural remains or finds are
discovered during construction activities. The procedures will clearly set
out how the construction team will be briefed so that they are aware of
what to look out for and the actions which must be taken should a
potential find be uncovered.

7.2.9

Flooding during Construction
The site is not likely to be affected by occasional flash flooding. However, in
order to reduce any potential impacts of flooding during construction, the
following measures will be implemented:
during the early stages of construction, a site drainage system will be
built, equipped to protect the site against potential flooding; and
site drainage will be constructed in such a way as to dissipate flood
waters away from the main plant areas and to discharge clean waters to
the Sea and any potentially contaminated waters to the site drainage
system via the oil interceptor;

7.2.10

Solid Wastes during Construction
To ensure that impacts from solid waste generation and disposal are
successfully avoided, the following mitigation measures will be undertaken
during plant construction:
all waste taken off site will be carried out by a licensed waste contractor
and MDEPC will audit the disposal procedure;
all solid waste will be segregated into different waste types, collected and
stored on site in designated storage facilities and areas prior to release
to off-site disposal facilities;
all relevant consignments of waste for disposal, will be recorded,
indicating their type, destination and other relevant information, prior to
being taken off site; and
standards for storage area, management systems and disposal facilities
will be agreed with the relevant parties.
An engineer with responsibility for environmental aspects will be responsible
for solid waste management at the site and will ensure that all wastes are
managed to minimize any environmental risks.
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7.2.11

Occupational Health and Safety during Construction
MDEPC will ensure that construction activities are undertaken in a manner
which does not present hazards to workers’ health and safety. In particular,
the project company will establish and integrate policies and procedures on
occupational health and safety into the construction and operation of the
power plant. Emergency and accident response procedures will also be
included in an EHS manual for the power plant.
The following measures will be carried out in both the construction and
operational phases:
compliance with international standards for good practice;
adherence to local and international guidance and codes of practice on
EHS management;
management, supervision, monitoring and record-keeping as set out in
the plants operational manual;
implementation of EHS procedures as a condition of all contracts;
clear definition of the EHS roles and responsibilities of the companies
contracted to work on site and to all their individual staff (including the
nomination of EHS supervisors and coordinator);
pre-construction and operation assessment of the EHS risks and hazards
associated with construction and operation, including consideration of
local cultural attitudes, education level of workforce and local work
practices;
provision of appropriate training on EHS issues for all employees on site,
including initial induction and regular refresher training, taking into
account local cultural issues;
provision of health and safety information;
regular inspection, review and recording of EHS performance; and
maintenance of a high standard of housekeeping at all times.
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7.3

MITIGATION MEASURES DURING OPERATION

7.3.1

Introduction
Mitigation measures introduced into the design and construction phase of the
power plant will be carried forward into the operational phase by the MDEPC
Company. Many mitigation measures, as described in Sections 4 and 6 of
this report, have already been integrated into the design of the power plant in
order to minimize any operational impacts on the environment. Mitigation
measures such as low NOx combustors, noise silencers and water discharge
controls are for example considered integral to the design of the power plant.
The following section builds on the design criteria for the power plant in order
to reduce to a minimal level any further potential negative impacts. Areas
where positive impacts can be introduced or maximized are also considered.

7.3.2

Air Quality during Operation
Emissions Guidelines
Several specific measures have been taken to reduce stack emissions from
the power plant and to comply with Egyptian and World Bank standards. The
power plant will fire natural gas as its main fuel which is the least polluting
fuel available, (with negligible sulfur dioxide emissions and low particulate
matter emissions). Light fuel oil (sollar) will only be used as an emergency
fuel. In order to reduce NOx emissions when firing natural gas or light fuel oil,
low NOx combustors are used on the gas turbines. In addition, a stack
measuring 60m high (as minimum, tentative but may be more elongated) has
been designed to allow maximum dispersion of emissions into the
surrounding atmosphere.
Stack emissions to the air from the proposed plant are therefore within the
Egyptian, as well as the World Bank guidelines (1), with full compliance with
SO2 standards when firing the emergency light fuel oil (oil no. 2/sollar).
However, the IFC has indicated that its emission guidelines must be met for
at least 95% of operating time. Given that MDEPC is committed to burning
light fuel oil for no more than 170 hours per year and only if natural gas is
unavailable, (i.e. <2% of total operating hours), the plant will operate well
within the NOx & SO2 emission guidelines, and no further mitigation is
proposed.

___________________________________
(1) World Bank Pollution Prevention and Abatement Handbook - Part III: Thermal Power - Guidelines for New
Plants, July 1998 and its successive updates.
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Air Quality Guidelines
To investigate the issue of atmospheric emissions from the power plant and
their impact on ambient air quality, dispersion modeling has been undertaken
and the results of the modeling were presented earlier in Section 6.2. The
modeling indicates that the predicted off-site maximum annual and 24 hour
mean ground levels of NO2 and PM concentrations, do not exceed the
Egyptian as well as the World Bank ambient air quality guidelines when
natural gas is burned. As described above, MDEPC is committed to using
natural gas for more than 98% of operating time in a year.
No further requirement for mitigation of the emissions to air from the power
plant is proposed.

7.3.3

Aquatic Environment during Operation
The main impacts of the power plant on the aquatic environment during
power plant operation are likely to derive from:
discharge of treated waste and process water into the Mediterranean
Sea;
disruption of navigational transport; and
entrainment of fish and mobile organisms in the intake structure.
The design of the intake and discharge structures has incorporated measures
to reduce impacts on the Mediterranean Sea environment including
minimizing the area affected by the discharge plume. These design
measures include:
water cooling (of the cooling towers system) condensers will be designed
using titanium or stainless steel to avoid discharge of heavy metals such
as copper and zinc into the Mediterranean Sea;
bunds or sumps will be installed on-site to isolate areas of potential oil or
other spillages, such as transformer bays, from the site drainage system;
oil and chemical storage tanks will have secondary containment
structures that will hold 110% of the contents of the largest storage tank;
areas for unloading oil and hazardous chemical materials will be isolated
by kerbs and provided with a sump, equipped with a manually operated
valve;
transformers will be provided with pits to retain 110% of the coolant
capacity of the transformers which will include fire fighting water.
Alternatively, each main oil-filled transformer foundation will drain
through a corner sump directly to an underground oil collection chamber
sized to retain 110% of the coolant capacity of the transformers plus
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deluge water (for the worst single catastrophic failure). Adjacent to this
collection chamber will be constructed an oil separator which will
normally function to separate any oil contaminated to the storm water
collected from within the transformer foundations and the clean water
drained to the discharge structure. The transformers will not contain
PCBs; and
stormwater runoff from equipment slabs that may be subject to oil
contamination exposure, will be collected and channeled through an
oil/water separator prior to discharge into the discharge structure.
In order to minimize potential impacts to water quality, MDEPC will ensure
implementation of good site management practices including the following
measures:
wastewater will be collected and treated before being discharged into the
discharge system, the main water treatment steps include:
- neutralization of any wastewater that has a pH outside the range of 6
to 9;
- oil separation of any wastewater that may be contaminated with oil or
grease; and
- flocculation and filtration of any wastewater that may contain high
concentrations of suspended solids.
no solid wastes will be discharged into the Mediterranean Sea;
drainage systems have been designed on site to prevent any
contaminated surface run-off from being discharged into the discharge
system without prior oil separation and neutralization of any other
contamination; and
all effluent discharges will comply with local Egyptian standards.

7.3.4

Noise Emissions during Operation
A number of noise mitigation measures have been built into the design of the
plant in order to ensure that noise levels are minimized and that all items of
plant are operating to local and international standards.
Specific design mitigation measures include:
steam turbine generators, air compressors, pumps, and the emergency
diesel engines are enclosed in buildings;
air compressors are equipped with air silencers; and
noisy outdoor equipment have been designed to a noise limit of 85 dB(A)
at one meter.
In addition, all personnel working in noisy areas will be required to wear
hearing protection.
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7.3.5

Flora and Fauna during Operation
The potential impacts of the proposed development on any existing flora and
fauna will be minimized as a result of the following mitigation measures:
noise will be controlled during operation, and will dissipate rapidly with
distance from source. Any disturbance during construction and operation
will therefore be localized (see Section 6.4); and
personnel and vehicles will be restricted to within the boundaries of the
site and access roads, and will not be permitted to enter surrounding
land.

7.3.6

Visual Impact during Operation
Landscaping will include tropical shrubs (trees, grass, palm groves) around
the site. All plants will be indigenous species.

7.3.7

Soils and Hydrology during Operation
During plant operation, the main potential for impacts to occur to soils and
hydrology (including run-off into the discharge system), are likely to arise as a
result of spillages and storage of chemicals and fuels on site. Good site
management practices such as those described under Section 7.3.3 “Aquatic
Environment” will minimize potential impacts.

7.3.8

Solid Waste Impacts During Operation
The mitigation and management measures during construction described in
Section 7.2.10 above relate to both the construction and operation phases.

7.3.9

Health and Safety during Operation
The following mitigation and management measures will ensure that the
health and safety of staff and any visitors on and to the site is not jeopardized
during operation of the plant:
development and implementation of an Operational Health and Safety
Plan with appropriate training;
provision of training in use of protection equipment and chemical
handling;
clear marking of work site hazards and training in recognition of hazard
symbols;
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installation of vapor detection equipment and control systems;
development of site emergency response plans;
all personnel working or standing close to noisy equipment will be
required to wear noise protectors; and
drinking water will be supplied to the plant via local filtration facilities
which will comply with drinking water standards published by the
Egyptian Authorities.
In addition, the operational health and safety measures during construction
described in Section 7.2.11 above, will be carried forward into the operational
phase of the power plant.

7.4

COMPENSATION FOR AFFECTED PARTIES
No local populations or legally entitled landowners will be affected by the
development of the power plant, therefore no affected parties require
compensation. Day-to-day practice normally confirms fair compensations that
should be paid to people who are likely to be affected by off-site associated
infrastructure, including cooling and service water intake and discharge
structure, natural gas pipelines and overhead transmission lines going out
from the power plant to connecting it to the national unified power system.
Gas pipelines and O.H.T.Ls., will have their own ESIA done by both of the
EGAS and EETC, which will prepare a separate volume, attached to each of
these two ESIA study reports on “Resettlement Policy Framework/ Action
Plan”- to address issues related to these off-site associated infrastructure.
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8.

ENVIRONMENTAL MITIGATION AND MONITORING:
ENVIRONMENTAL AND SOCIAL MANAGEMENT PLAN
(ESMP)

8.1

OBJECTIVES OF THE PLAN
The project company is committed to implementing an environmental and
social management and monitoring plan which will ensure that the
construction and the operation of the Burullus Power Plant (BPP) involves full
implementation of all proposed mitigation measures and complies with high
environmental standards, the requirements of the environmental legislation
and guidance notes as applicable in Egypt, and the procedures and
guidelines of the IFC/World Bank.
Previous sections of this report have outlined the baseline environmental and
socio-economic conditions in the area of the proposed development, have
identified the potential impacts on these baseline conditions which could
result from construction and operational activities and have proposed
measures to minimize and mitigate against any negative impact identified. To
complete the environmental evaluation, this section presents necessary
Institutional Arrangements for the Burullus Power project (Table 8-2) as well
as the Environmental and Social Management Plan (ESMP) which
summarizes the mitigation measures suggested and discusses initial and
ongoing monitoring and management of significant impacts of the proposed
plant.
The ESMP covering design and construction of the power plant as well as
operation impact mitigation and management is summarized in Tables 8-3,
8-4 and 8-5, respectively. The Egyptian Electricity Holding Company (EEHC)
and its affiliated Mid Delta Electricity Production Company (MDEPC) are
committed to implementing the Environmental and Social Management Plan
(ESMP) requirements included therein. Table 8-6 gives a summary of
implementation cost of the ESMP. For further detail on the mitigation
measures to be undertaken, reference should be made to Section 7 of this
report. Details of construction and operations monitoring and management
activities summarized in the tables are discussed in more detail below.
The ESMP includes the definition of the following measures to minimize
environmental effects:
construction management, including control of construction traffic, site
drainage, construction waste and spoil etc.;
engineering design measures directly incorporated into the power plant
as good design practice, through the selection of appropriate plant and
equipment and choice of construction materials;
specific mitigation measures designed to prevent or minimize
releases from the process, such as the use of low NOx combustors,
closed loop cooling internal systems;
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operational control systems, such as the use of water treatment
chemicals; and
operational management, which includes staffing levels and staff
training.
The effectiveness of these environmental management and mitigation
measures will be monitored throughout the construction and operation of the
power plant.
Monitoring will be carried out by the Project Management Unit (PMU),
which includes the Environmental Management Staff (EMS) using
standard techniques and equipment agreed with the Egyptian Environmental
Affairs Agency (EEAA), which will be calibrated, operated and maintained in
accordance with the manufacturers specifications. The EMS will be directly
supervised by an Environmental Specialist, within the PMU, at the same level
as FM / Procurement.
Monitoring data will be analyzed and reviewed at regular intervals by
PMU/EMS and compared with the relevant standards so that any necessary
corrective actions can be taken in a timely manner. Records of monitoring
results will be kept in an acceptable format and reported to the responsible
government authorities and relevant parties (including the WB & other
lending Banks).
8.2

ENVIRONMENTAL MANAGEMENT

8.2.1

Environmental Management Organisation
During Design and Construction
Suitably qualified and experienced contractors will be responsible for the
detailed design and construction of the power plant. Construction workers will
be required to demonstrate appropriate skills, qualifications and/or
experience prior to employment.
During construction, PMU/EMS will ensure that all contracts with Contractors
and sub-contractors stipulate all construction management measures (as
given in this ESMP), operational design criteria and environment, health and
safety standards which must be implemented at the project site.
Implementation of these measures will be enforced and supervised by the
Assistant Plant Manager who will have direct responsibility for the
Environment, Safety and Quality Assurance program on site during
construction and operation. The Assistant Plant Manager is responsible for
ensuring that construction works comply with the requirements of the ESMP
and all environmental permits. His key roles will be to:
assume the interface with authorities for environmental authorizations
and permits;
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act as the Assistant Plant Manager for local authorities, industrial and
commercial interests and any other interested parties;
ensure that mitigation measures to reduce impacts during the
construction phase are implemented;
ensure that monitoring to be undertaken during construction is
implemented;
ensure compliance with the environmental and social management plan;
and
ensure that health and safety requirements are respected.

During Power Plant Operation
During operation, direct responsibility for environmental compliance and the
implementation of the mitigation, management and monitoring measures
described in this section and in Section 7 of this report, will continue to be
with the PMU/EMS under direct supervision of the Assistant Plant Manager.
This position, will report directly to the Chairman/General Manager of
MDEPC/BPP.
The Assistant Plant Manager will be based at the site and will be responsible
for recruiting, training and managing his staff. He will be responsible for
implementing the mitigation and management measures described above
and for monitoring and record keeping of the following:
stack emissions;
air quality;
noise emissions;
quality of water discharge; and
waste management.
In his role, the Assistant Plant Manager will also be responsible for
maintaining any pollution control equipment and for developing and
implementing procedures for safe handling and storage of any hazardous
materials used on site.
The Assistant Plant Manager will also have lead responsibility for maintaining
a written Environmental Register with respect to environmental impacts as
required under Egyptian, IFC/World Bank and other Development Banks
guidelines. The written records will identify the characteristics of discharges
and emissions, details of periodic testing including results, procedures for
follow-up environmental safety actions and the person in charge of this
follow-up. Should any prescribed standards be breached, PMU/EMS, through
the Assistant Plant Manager, will immediately inform the EEAA and disclose
the procedures being taken to rectify non-conformity.
Results of environmental monitoring as described above, shall be recorded
and submitted to the EEAA, EEHC and to any other party (i.e. WB, etc.) as
required. The EEAA, WB and other lending Banks are entitled to audit the
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project company in order to ensure conformity with environmental standards
and requirements.
In addition, the project company must keep a record of any significant
environmental incidents occurring at the plant including accidents and
occupational illnesses, spills, fires and other emergencies. The Assistant
Plant Manager will be responsible for ensuing that these records are
maintained up to date and are available on site.
The Assistant Plant Manager will supervise and lead the Environmental
Department (ED) and the Environmental Management Staff (EMS) directed
by the ED. Figure 8-1 depicts the organizational structure of the Burullus
Power plant including the ED and Figure 8-2 illustrates the organization of the
EMU.
8.2.2

Environmental Training
The Project Company will ensure that the power plant is manned 24 hours a
day, 7 days per week. All staff employed at the plant will be trained in the
following:
general operation of the power plant;
specific job roles and procedures;
occupational health and safety; and
contingency plans and emergency procedures.
Training will include:
induction training on appointment;
specialist training (as required for their prescribed job role); and
refresher training as required.
The training program will be designed to ensure that appropriate skilled staff
are used to operate the power plant at all times. Aspects of occupational
health and safety and emergency procedures are described below.
In addition to this environmental training for all staff employed at the plant,
special environmental training will be given to the staff employed for the
EMU. They will receive training in the following:
day-to-day monitoring activities;
monitoring the stack emissions;
collection and analysis of air quality data;
monitoring the water effluents;
collection and analysis of water quality information;
use of monitoring equipment, operation and maintenance;
industrial hygiene;
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Figure 8-1
Environmental Department (ED) within the Organizational Structure
of Burullus Power Plant
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Figure 8-2
Environmental Management Staff (EMS)
within the Project Management Unit (PMU)
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occupational health and safety; and
emergency and contingency procedures.
8.2.3

Occupational Health and Safety
MDEPC/BPP will establish and integrate policies and procedures on
occupational health and safety into the operation of the power plant which
meet the requirements of Egyptian, IFC/World Bank and other Development
Banks guidelines as given in Section 2 of the report. The policies and
procedures will also be designed to comply with all manufacturers safety data
sheets for chemical storage and usage, so as to provide a safe and healthy
working environment.
Occupational health and safety programs will be supported by staff training
for the power plant and the appointment of the Assistant Plant Manager. The
training will include, but will not be limited to, the following:
general area safety;
specific job safety;
general electrical safety;
handling of hazardous materials;
entry into confined spaces;
hearing conservation;
repetitive stress disorders;
Code of Safe Practices;
use of personal protective equipment; and
first-aid.
The training will include induction courses when staff are first employed at the
power plant, with specialist and refresher training as required by the job role.
Training will be updated annually and occupational health and safety
procedures will be included within the Operations Manual for the power plant.
The safety record at the power plant will be reviewed each month at a formal
meeting, led by the Assistant Plant Manager, where the agenda items,
comments and attendance will be recorded and kept on file.
In addition, periodic safety audits will be conducted to verify compliance with
safe working practices, which will comprise physical inspections, review of
plant records and interviews with staff. The audits will assign responsibility for
any corrective action necessary to mitigate a potential hazard and allow the
tracking of the completion of the corrective measure.
Table 8-1 summarizes the recommended training required for the PMU/EMS.
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Table 8-1
Recommended Training Required for the PMU/EMS

Training Course
General EHS Training:
Induction Training
on Appointment
Specialist Training
Refresher Training
(as required)

Special Environmental
Training on
Environmental Aspects
of Power Generation and
Monitoring.

Environmental Auditing
and Inspection, including
periodic safety audits

Social
Communications

Contents
General operation of the
power plant.
Specific job roles and
procedures.
Occupational Health &
Safety:
- general area safety;
- specific job safety;
- general electrical
safety;
- handling of hazardous
materials;
- entry into confined
spaces;
- hearing conservation;
- repetitive stress
disorders;
- Code of Safe
Practices;
- use of personal
protective equipment;
and
- first-aid.
Contingency Plans &
Emergency Procedures.
Allover Environmental
Performance of the P.P.
Day-to-day monitoring
activities.
Monitoring the stack
emissions.
Collection & analysis of
air quality data.
Monitoring the water
effluents.
Collection & analysis of
water quality information.
Use of monitoring
equipment, operation and
maintenance.
Industrial Hygiene.
Environmental Auditing
Techniques.
Auditing Checklists.
Environmental Auditing
Reports.
Safety Audits:
- Physical inspections;
- Review of plant
records;
- Interviews with staff.
Communications Skills.
Mass Communications.

Type of
Training

Participants

Proposed
Scheduling

Cost
Estimate
(L.E.)

Classroom
and
On-job
training.

All power plant
staff, including
EMS.

Once before
project
implementation
and during
operation for
refresher
training.

Included in
construction &
operation cost.
(around US$
145 k)

Classroom
and
On-job
training.

EMS.
(3-4 staff
members)

Once before
project
implementation
and monitoring
program.

Included in
construction &
operation cost.
(around US$
10 k)

Classroom
and
Field
Exercises.

EMS.

Once after
project
implementation

Included in
operation cost.
(around US$
10 k)

Classroom
and
Field
Exercises.

EMS.

Once before
project
implementation
and monitoring
program.

Included in
construction &
operation cost.
(around US$
10 k)
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8.2.4

Emergency Procedures and Accident Response
Instructions on emergency measures necessary to safeguard employees and
the wider environment will be prepared as part of the Operations Manual for
the power plant.
Accident Response
As part of the preparation of emergency procedures and the plans for
accident response arrangements, the project company will carry out the
following:
review industry-specific and Egyptian, IFC/World Bank and other lending
Banks standards and regulations;
establish general guidelines on potential safety and accident risks;
prepare job-specific operating instructions where appropriate;
establish safety and security notices for hazardous materials;
prepare specific emergency operating instructions;
provide protective equipment (including clothing, air and ear protection
etc.) as required;
evaluate information and feedback from employees; and
record and investigate all accidents, injuries and incidents.
Contingency plans and emergency procedures are being developed to cover
events due to operational failures, natural causes and acts of third parties.
The plans and procedures will cover, as a minimum, the following:
fire;
explosion;
bomb alerts;
leaks and spills of hazardous materials;
structure or equipment failures;
injuries and illnesses;
risk from natural disasters (wind, sandstorm, earthquake); and
third-party risks (potential impacts of an accident occurring at another
industrial facility which may impact upon the power plant).
Oil Spill Contingency Plan
As Good practice and part of the ESMP, MDEPC/BPP will prepare an Oil Spill
Contingency Plan.
Light fuel oil will be delivered to the site by road trucks and stored in:
four 45,000 m3 tanks for the light fuel oil (oil no. 2/sollar).
These tanks are surrounded contained within separate retention area which
is designed to contain 110% of one tank.
The plan will cover the following activities.
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delivery;
handling;
spills; and
cleanup.
The plan will detail procedures, responsibilities, chains of command,
information flows, monitoring and documentation.

8.3

SCHEDULE AND COSTS FOR PREPARATION AND
IMPLEMENTATION OF EHS PLANS

Table 8-2 below provides a time schedule and approximate costs for the
preparation and implementation of the Environment, Health and Safety
Plans.
Tables 8-3 through 8-5 illustrate the ESMP.
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Table 8-2
Schedule and Cost Estimates for EHS Plans
Plan

Responsibility

Schedule for

Schedule for

Approx. Cost

Submission

Implementation

(US$)

Occupational Health
and Safety Plan
(Construction)

BPP Assistant
Plant Manager

4th Quarter 2015

2nd Quarter 2016

Within
Construction
Contracts

Occupational Health
and Safety Plan
(Operation)

BPP Assistant
Plant Manager

4nd Quarter
2015

2nd Quarter 2016

(a)

Emergency
Procedures and
Accident Response
Plan

BPP Assistant
Plant Manager

4th Quarter 2015

2nd Quarter 2016

(a)

Oil Spill Contingency
Plan

BPP Assistant
Plant Manager

4th Quarter 2015

1st Quarter 2016

(a)

Chance Finds
Procedure

BPP Assistant
Plant Manager

4th Quarter 2015

4th Quarter 2015

(a)

Monitoring Plan

BPP Assistant
Plant Manager

Already
prepared, see
Tables 8-3
through 8-7 of
ESMP

Start of
Construction

(a)

Notes:
(a) The cost of the preparation of these plans will amount to around US$ 50,000. The costs of maintaining and
implementing the requirements of these plans on-site cannot be determined at this stage until the contents
and requirements of the plans are known. However, the cost of air quality monitoring system may be
estimated at this stage for about US$ 1,500,000.
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Table 8-3
Institutional Arrangements for Burullus Power Project
Issue/Impact

Mitigation Measures

Im plementation
Schedule

Type and Frequency of
Reporting / Monitoring

Responsibility
Im plementation
Supervision

Monitoring
Indicators

Budget in
US$

Construction Phase
Institutional
capacity to address
environmental and
social issues

Establishment of the Project Management
Unit (PMU), including the Environmental
Management Staff (EMS) (will include 1-2
staff members, B.Sc. and/or 5 years high
technical education), construction phase.
Basic training of persons employed to
operate the monitoring activities.
Basic induction training for all employees
on good construction and site
management practice.

Prior to starting construction.

Ongoing training

Quarterly to MDEPC
Chairman & EEHC
Environmental Management
(EEM)

PMU / EMS

MDEPC Project Manager
in collaboration with the
Consultant Site Manager

Training programs
Compliance with ESMP

Environmental Quality
quarterly monitoring will start
with the commencement of
construction phase.
Basic Training
Basic Induction Training
Air quality continuous
monitoring will start 6 months
ahead of commissioning.
Training since that time is
included in air quality
monitoring package
Training time and cost
(included in construction
(around US$ 155 k)
cost)
MDEPC responsibility

Operation Phase
Institutional
capacity to address
environmental and
social issues

Establishment of the Project Management
Unit (PMU), including the Environmental
Management Staff (EMS) (will include 1-2
staff members, B.Sc. and/or 5 years high
technical education), operation phase.
Basic training of persons employed to
operate the monitoring
activities.
Induction, specific and refresher training
for all employees on good operation
management practice.
Training methods, facilities & manuals

Prior to starting operation.

Quarterly to MDEPC
Chairman & EEHC
Environmental Management
(EEM)

PMU / EMS

MDEPC Project Manager
in collaboration with the
Consultant Site Manager

Ongoing training

Included in air quality
monitoring package

Compliance with ESMP
Training time and cost
(included in operation cost)
(around US$ 20 k)
MDEPC responsibility

Notes:
(*) MDEPC responsibility: means that training and capacity building activities are included in the company organizational structure and budget.

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Training programs

Chapter 8- Page 12 of 43

Table 8-4
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Air Quality
Dust emissions
caused by
construction
activities,
construction
vehicle
movements, and
transport of
friable
construction
materials.

Mitigation Measures

Implementation of good site
practices including:
appropriate siting and
maintenance of stockpiles of
friable materials so as to
minimize dust blow;
minimizing drop heights for
material transfer activities
such as unloading of friable
materials;
construction phase to begin
with construction of access
roads;
roads will be kept damp via a
water bowser;
roads will be compacted and
graveled if necessary;
site roads will be maintained
in good order;
regulation of site access;
sheeting of lorries
transporting friable
construction materials and
spoil;
enforcement of vehicle speed
limits on unmetalled roads to
<35 km/h.

Implementati
on Schedule

Before
construction
and during
construction

Monitoring

Before Construction
and during
Construction until 6
Months ahead of
Initiate baseline air
Commissioning:
quality survey of main
pollutants, particularly
NO2, SO2, CO, TSP
and PM10 using third
party measurements on
a quarterly basis.
During Construction, 6
Months ahead of
Commissioning:
Initiate baseline air
quality survey of NO2 ,
SO2 , CO, TSP and
PM10 using air quality
monitors and continue
during 6 months.

Implementatio
n
Implementation
of Good Site
Management
practices shall
be the
responsibility of
all contractors
on site under
supervision of
the PMU / EMS
and the
Assistant Plant
Manager.

Supervision

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager

Dust levels
(TSP, PM10)
NO2 , SO2, CO
levels.

Type and
Frequency of
Reporting/
monitoring
Quarterly
reporting of
summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority. (e.g.
EEAA, W B,
etc.).

Management
and Training

Measurements and
analysis of these
pollutants to be made
on a continuous basis
by a trained staff
assigned by
MDEPC/BPP and
submitted to EEHC for
reporting to any
concerned authority.
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Indicative Cost
Estimate (US$)

MDEPC/PMU
responsible for
management of
the air quality
monitoring
system.
Submission of
annual summary
reports to EEHC
and any other
concerned
authority.

Mitigation
Measures,
Management
time and costs
(included in
construction
costs)

Basic training of
persons
employed to
operate and
maintain the
monitoring
system.

First
construction
period; third
party monitoring
(e.g. National
Research
Center), four
times a year until
using continuous
monitoring:
USS$70K

MDEPC/PMU to
ensure all
contractors and
subcontractors
working on site
are aware of
ESMP and all
employees are
given basic
induction training
on good
construction and
site management
practice.

Two analyzer stations
will be electronically
connected to the EEAA
ambient monitoring
system.

(*) Environmental regulations are to be included in all construction contracts.
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Monitoring
Indicators

Baseline Air
Quality
Monitoring:

Second
construction
period; 6 months
ahead of
commissioning:
Permanent
Continuous
Monitoring
System-approx.
US$ 1000-1500K
plus
management
time & reporting.

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Aquatic
Environment
Dredging and
construction of
the intake
structure and
water discharge
structure.
Increased
suspended
sediment and
pollutant loads,
permanent
loss and
disturbance to
aquatic flora and
fauna.

Mitigation Measures

The following measures will be
taken:
Construction Method
Statement to be produced
by the Contractor;
dredged areas limited to
minimum area required;
disposal of dredged
sediments to an agreed
site;
all works will be made
clearly visible using flags,
beacons and/or signals;
bank area will be reinstated
following construction.

Implementation
Schedule

During
construction of
intake and
discharge
structures

Monitoring

Off shoreline survey
undertaken October
2010 along 5 profiles
fronting the site.
Report to be
maintained for later
monitoring and
evaluation during
operation.
Continuous visual
inspection
During dredging
sediment and surface
water will be monitored
at four locations (two
downstream of the
intake and two
upstream of the
discharge) twice a
month.
During construction
sampling will be
conducted at two sites,
unless preliminary
monitoring campaign
shows strong variations
in water quality.
Water samples will be
tested for temp., PH,
COD. BOD, TOC, DO,
TSS, oil & grease,
residual chlorine and
light metals .
Sediment will be tested
for oil & grease and
trace metals.

I mplementation

Supervision

Implementation
of Good Site
Management
practices shall
be the
responsibility of
all contractors
on site under
supervision of
the PMU / EMS
and the
Assistant Plant
Manager.

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

Actual
parameters to
be measured.

Type and
Frequency of
Reporting /
monitoring

Quarterly
reporting of
summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority. (e.g.
EEAA, W B,
etc.).

Management
and Training

MDEPC/PMU to
ensure all
contractors and
subcontractors
working on site
are aware of
ESMP and all
employees are
given basic
induction training
on good
construction and
site management
practice.
These mitigation
measures must
be a condition of
any construction
contracts
commissioned.

(*) Environmental regulations are to be included in all construction contracts.
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Indicative Cost
Estimate (US$)

Mitigation
Measures:
Management
time and costs
(included in
construction
cost).
Water quality
measurement
costs (between
US$ 30-45K)

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Mitigation Measures

Contamination of
the aquatic
environment as
a result of
construction
activities on land
e.g. spillages,
disposal of liquid
wastes; surface
run-off, exposure
of contaminated
soils (see also
under “Soils and
Hydrology”).

Mitigation activities will include the
following:
no discharge of effluents into the
Mediterranean Sea - all effluents
shall be collected and removed
off site for treatment by
approved firms;
development of a site drainage
plan which reduces flow velocity
and sediment load;
protection of temporary
stockpiles of soil from erosion by
using a reduced slope angle
where practical, sheeting and by
incorporating sediment traps in
drainage ditches;
maintenance of well kept
construction site.

Implementation
Schedule

During
construction

Monitoring

Continuous
visual inspection
will be
conducted.

Implementation

Supervision

Implementation of
Good Site
Management
practices shall be
the responsibility
of all contractors
on site under
supervision of the
PMU/EMS and
the Assistant
Plant Manager.

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

(*) Environmental regulations are to be included in all construction contracts.
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Monitoring
Indicators

Fluid effluents
within the site.
Soil erosion.
Surface water
run-off.
Sewage
effluents.
Earth, mud and
debris
depositions on
roads.

Type and
Frequency of
Reporting /
monitoring

Quarterly
reporting of
summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, WB,
etc.), if required.

Management
and Training

MDEPC/PMU to
ensure all
contractors and
subcontractors
working on site
are aware of
ESMP and all
employees are
given basic
induction training
on good
construction and
site management
practices.

Indicative Cost
Estimate (US$)

Management
time and costs
(included in
construction
cost).

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Noise
Increased noise
in the project
area as a result
of the use of
noisy machinery
and increased
vehicle
movements.

Mitigation Measures

Implementation of good site practices
including:
enforcement of vehicle speed
limits;
strict controls of vehicle routing;
diesel engine construction plant
equipment to be fitted with
silencers;
limited noisy construction
activities at night;
prohibition of light vehicle
movements at night;
use of protective hearing
equipment for workers.

Implementation
Schedule

During
construction

Monitoring

Monthly
monitoring and
supervision by
MDEPC is
required to
ensure the
implementation
of good site
management
practices by all
contractors
during
construction.

Implementation

Supervision

Implementation of
Good Site
Management
practices shall be
the responsibility
of all contractors
on site under
supervision of the
PMU/EMS and
the Assistant
Plant Manager.

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

Monitoring
Indicators

Noise
complaints
register to
identify
concerns.
Check validity
using noise
measuring
devices.

Auditor (Noise
Expert)

Third party audit,
conducted every
4 month.

Type and
Frequency of
Reporting/
monitoring

PMU/EMS will
produce a
Quarterly log of
valid complaints
and actions taken
to EEHC.
Quarterly reporting
of summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, WB etc.), if
required.

Management
and Training

Indicative Cost
Estimate (US$)

MDEPC/PMU to
ensure all
contractors and
subcontractors
working on site
are aware of
ESMP and all
employees are
given basic
induction training
on good
construction and
site management
practices.

Management
time and costs
(included in
construction
cost).

MDEPC/PMU to
ensure all
contractors and
subcontractors
working on site
are aware of
ESMP and all
employees are
given basic
induction training
on good
construction and
site management
practices.

Management
time and costs
(included in
construction
cost)

Third party noise
measurement
costs (about
US$ 23K) .

Flora and Fauna
Site ClearanceVegetation
removal and
habitat
disturbance.

Good site management
practices will be observed to
ensure that disturbance of
habitats off-site are minimized.
Specific mitigation measures
include restricting personnel and
vehicles to within construction
site boundaries, lay down areas
and access roads.

During
construction.

Periodic
inspection and
supervision by
MDEPC is
required to
ensure the
implementation
of good site
management
practices by all
contractors
during
construction.

Implementation of
Good Site
Management
practices shall be
the responsibility
of all contractors
on site under
supervision of the
PMU/EMS and
the Assistant
Plant Manager.

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

(*) Environmental regulations are to be included in all construction contracts.
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Good
conservation
of floral
wealth.

Quarterly reporting
No. of floral
species conserved
or planted, if any.

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Soils and
Hydrology
Site clearance,
excavation and
disposal of
material,
exposure of
potentially
contaminated
soils, spillage or
leakage of
substances on
land, movement
of equipment
and vehicles on
site.

Dewatering land
during
foundations
construction
.

Mitigation Measures

Implementation
Schedule

The potential for impacts are largely
dependent on management of the
construction site and activities. The
following mitigation measures will be
implemented:
development of effective site
drainage systems;
restriction of access only to
construction site areas;
monitoring and control of spoil;
disposal of waste materials
unsuitable for reuse on-site,
(e.g. for landscaping) at
appropriately licensed sites;
provision of oil and suspended
solid interceptors;
management of excavations
during construction to avoid the
generation of drainage pathways
to underlying aquifers;
provision of impermeable bases
in operational areas to prevent
absorption of spillages.

During design
and
construction.

A thorough study will be conducted
by the Engineering Consultant /
Contractor before digging the site
land in the design stage to make
sure that any dewatering will not
impact wells water or irrigation
activity. The study area will be
expanded to include the nearest
cultivated land.

During design
and
construction.

Monitoring

Implementation

Supervision

Daily visual
inspection is
required to
ensure the
implementation
of good
management
practices during
construction.

Implementation of
Good Site
Management
practices shall be
the responsibility
of all contractors
on site under
supervision of the
PMU/EMS and
the Assistant
Plant Manager.

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

Daily visual
inspection is
required to
ensure the
implementation
of good
management
practices during
construction.

Implementation of
Good Site
Management
practices shall be
the responsibility
of all contractors
on site under
supervision of the
PMU/EMS and
the Assistant
Plant Manager.

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

(*) Environmental regulations are to be included in all construction contracts.
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Monitoring
Indicators

Type and
Frequency of
Reporting/
monitoring

Management
and Training

Indicative Cost
Estimate (US$)

site drainage.
access only
to
construction
site areas.
spoils.
waste
materials.
oily waters.
drainage
pathways.
potential
spillage in
operational
areas.

Quarterly
reporting of
summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, WB
etc.), if required.

MDEPC/PMU to
ensure all
contractors and
subcontractors
working on site
are aware of
ESMP and all
employees are
given basic
induction training
on good
construction and
site management
practices.

Costs for
mitigation
measures and
management
time included in
construction
costs.

wells water
level.
adequate
irrigation of
the cultivated
land.

Quarterly
reporting of
summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, WB
etc.), if required.

MDEPC/PMU to
ensure all
contractors and
subcontractors
working on site
are aware of
ESMP and all
employees are
given basic
induction training
on good
construction and
site management
practices.

Costs for
mitigation
measures and
management
time included in
construction
costs.

Any additional
features (e.g.
bunding,
interceptors etc.)
may incur
additional costs
of between US$
30-50K
dependent on
the measure.

Any additional
features (e.g.
bunding,
interceptors etc.)
may incur
additional costs
of between US$
30-50K
dependent on
the measure.

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Traffic and
Transport
Disruption, noise
and increased
air pollution due
to increased
traffic, light loads
and abnormal
loads.

Mitigation Measures

Standard good practice measures
will be implemented as follows:
adherence of abnormal load
movements to prescribed
routes, outside peak hours and
advance publication of
movements if required;
construction shifts will be
staggered;
scheduling of traffic to avoid
peak hours on local roads;
transportation of construction
workers by contract bus.

Implementation
Schedule

During
construction.

Monitoring

Monitoring traffic
entering the site
during morning &
evening peaks to
ensure the
implementation
of good site
management
practices by all
contractors
during
construction.

Implementation

Supervision

Implementation of
Good Site
Management
practices shall be
the responsibility
of all contractors
on site under
supervision of the
PMU / EMS and
the Assistant
Plant Manager.

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

(*) Environmental regulations are to be included in all construction contracts.
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Monitoring
Indicators

Type and
Frequency of
Reporting/
monitoring

Increased
congestion

Three times per
month

Travel time
(compared to
reasonable daily
commute)

Quarterly
reporting of
summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, WB
etc.), if required.

Management
and Training

MDEPC/PMU to
ensure all
contractors and
subcontractors
working on site
are aware of
ESMP and all
employees are
given basic
induction training
on good
construction and
site management
practices.

Indicative Cost
Estimate (US$)

Management
time

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact
SocioEconomic
Environment
Positive
impacts
identified.

Mitigation Measures

All activities related to the construction
of the new plant will take place within
the area belonging to MDEPC, i.e. there
will be no off-site activities or associated
land acquisition during construction.

Implementation
Schedule

During
construction.

Monitoring

Record local
employment
provided by the
project.

Most of the labor force will be daily
commuters, thus no worker housing or
associated facilities will be erected on
site during construction.

Implementation

PMU/EMS and
the Assistant
Plant Manager

Supervision

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

The Project will construct a dedicated
project campsite where all facilities shall
be provided to the incoming labour force
to ensure that no pressure is exerted
on local facilities and supplies. The local
communities shall be given priority in
supplying goods and services
demanded by the project and its
employees. Senior and professional
staff of the construction companies will
opt to reside in the near-by city of
Baltim which has adequate facilities to
cater for the project workers. Lodging
requirements of the operational staff will
be covered through extensions available
to residential community. No additional
land acquisition is needed.
The contractors will be responsible for
relevant temporary water / toilet
facilities during construction and the
need to provide appropriate services will
be specified in their constracts.

(*) Environmental regulations are to be included in all construction contracts.
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Monitoring
Indicators

Workers
satisfaction as
measured by
staff interviews
and complaints
submitted.

Type and
Frequency of
Reporting/
monitoring

Management
and Training

Indicative Cost
Estimate (US$)

Editing a special
report

Responsibility of
MDEPC/PMU.

Responsibility of
MDEPC.

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact
SocioEconomic
Environment
Positive
impacts
identified.

Mitigation Measures

Transmission lines will connect the
power plant to existing substations
following new routes. Also, a new
gas pipeline route will have to be
identified from the nearest point of
supply within the gas network.

Implementation
Schedule

During
construction.

Monitoring

Record local
employment
provided by the
project.

Implementation

PMU/EMS and
the Assistant
Plant Manager

Supervision

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

A separate ESIA for the transmission
lines may be implemented. Also, a
separate ESIA and RPF for the Gas
Pipeline Project may be prepared by
GASCo.

Continued
Public
Consultation

Public and Industry Relations will be
maximized through open dialogue
between MDEPC (through the Assistant
Plant Manager who has direct
responsibility for EHS Liaison) and local
authority, public and industry
representatives.

(*) Environmental regulations are to be included in all construction contracts.
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Monitoring
Indicators

Workers
satisfaction as
measured by
staff interviews
and complaints
submitted.

Type and
Frequency of
Reporting/
monitoring

Management
and Training

Indicative Cost
Estimate (US$)

Editing a special
report

Responsibility of
MDEPC/PMU.

Responsibility of
MDEPC.

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Mitigation Measures

Complementary
Initiatives and
Project Benefits

Implementation
Schedule

Monitoring

During
Record activities
The project design has considered
construction
and procedures
enhancing the project benefits
contract.
through its social corporate
responsibilities program. Resulting
from the community requests that
local population, both men and
women, be considered for
employment opportunities, the Power
Company shall ensure that the
construction companies recruit local
people willing and able to participate
in the implementation of the project.
The project has undertaken to
construct local clinic and a basic
school for the communities of the
project area in liaison with the
Ministries of Health and Education,
respectively. Provision of these
social amenities will be implemented
under the civil works contracts.
Social and recreational facilities for
the staff of the Power Company shall
be accessible by the local people
upon request, including access to
potable water within the project
premises.
(*) Environmental regulations are to be included in all construction contracts.

Implementation

Implementation of
Good Site
Management
practices and the
safeguard and
protection policies
shall be the
responsibility of
the contractor
and
subcontractors on
site under
supervision of the
MDEPC/BPP.

Supervision

MDEPC top
management
EEHC top
management

_______________________________________________________________________________________________________________________________________
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Monitoring
Indicators

People
satisfaction
Community
leaders
opinions and
satisfaction

Type and
Frequency of
Reporting/
monitoring

Editing a special
report

Management
and Training

MDEPC to
ensure the
contractor and
subcontractors
for workers on
site include
reference to the
requirements of
the ESMP and
are aware of the
safeguard and
protection
policies and
plans. All
employees will
be given basic
induction training
on safeguard
and protection
policies and
practices.

Indicative Cost
Estimate (US$)

Training and
awareness will
require
management
time plus costs
of up to US$
60K.

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Mitigation Measures

Implementation
Schedule

Monitoring

Implementation

Supervision

Monitoring
Indicators

Type and
Frequency of
Reporting/
monitoring

Management
and Training

Indicative Cost
Estimate (US$)

Involuntary
Resettlement
The power plant will be constructed
on an existing plot "belonging to
MDEPC,
and power
will
be
evacuated through existing network
transmission lines. In this context,
the project does not impact on any
settlements or assets belonging to
other parties. This has been verified
and validated by this ESIA findings
that the project will have no direct
impact on land use or terrestrial
resources for communities around
the project area. In cases where,
during implementation, there may be
impacts on third party property from
off-site associated infrastructure,
including natural gas pipelines, etc.
provisions will be made in the
Contractor's contract for payment of
compensation and relocation of
services in accordance with national
and international policy guidelines.

Before /during
Construction.

Record
resettlement
procedure and
activity

Implementation of
Good Site
Management
practices and the
safeguard and
protection policies
shall be the
responsibility of
the contractor
and
subcontractors on
site under
supervision of the
MDEPC/BPP.

MDEPC top
management
EEHC top
management

As there are permanent staff
settlements within the Kafr eshSheikh Region, no resettlement or
displacement of people is envisaged.

(*) Environmental regulations are to be included in all construction contracts.
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People
satisfaction

Editing ARAP

MDEPC to
ensure the
contractor and
subcontractors
for workers on
site include
reference to the
requirements of
the ESMP and
are aware of the
safeguard and
protection
policies and
plans. All
employees will
be given basic
induction training
on safeguard
and protection
policies and
practices.

Training and
awareness will
require
management
time plus costs
of up to US$
60K.

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Mitigation Measures

Implementation
Schedule

Monitoring

Implementation

Supervision

Monitoring
Indicators

Implementation of
Good Site
Management
practices and the
safeguard and
protection policies
shall be the
responsibility of
the contractor
and
subcontractors on
site under
supervision of the
MDEPC/BPP.

MDEPC /BPP
Assistant Plant
Manager

Management
procedures in
place.

Consultant
Engineer Site
Manager

Workers health
and safety as
measured by
no. of ill cases.

Type and
Frequency of
Reporting/
monitoring

Management
and Training

Indicative Cost
Estimate (US$)

Communicable
Diseases
Training programs and health and
safety measures will include
knowledge about HIV/AIDS
awareness, prevention and
treatment.
Specialized service provider will be
sub-contracted by the Consulting
Engineer and included in the BoQ
depending on the approach.

During
construction
contract.

Daily inspection
is required to
ensure the
implementation
of safeguard and
protection plans
and practices
during
construction.

The service provider would also talk
about other communicable diseases
such as STD, TB and Hepatitis B
and C.

EEHC

The information would be imparted to
construction workers especially
those coming in from outside the
project area through seminars,
pamphlets and peer discussions.
(*) Environmental regulations are to be included in all construction contracts.
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Daily
6- monthly
reporting of
summary results
and submitted to
the EEHC and
other concerned
authority (e.g.
EEAA,
Financiers, etc.)
if required.

MDEPC to
ensure the
contractor and
subcontractors
for workers on
site include
reference to the
requirements of
the ESMP and
are aware of the
safeguard and
protection
policies and
plans. All
employees will
be given basic
induction training
on safeguard
and protection
policies and
practices.

Training and
awareness will
require
management
time plus costs
of up to US$
60K.

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Archaeology
Potential chance
finds of
archaeological
remains during
construction.

Natural
Disasters
Flash flooding.

Mitigation Measures

The project site does not lie on, or in
the immediate vicinity of any known
archaeological areas of interest.

Implementation
Schedule

During
construction.

Monitoring

Supervision of
construction
activities.

If remains are found MDEPC is
committed to:
cease activities and consult
Antiquities authority;
protection in situ if possible;
excavation of areas where
protection not feasible;
preparation of a Chance Finds
Procedure and Method
Statement.

Good engineering design will
incorporate the following mitigation
measures:
drainage system designed to
direct flood water from main
plant areas into the Sea and
direct potentially contaminated
waters through the oil
interceptor.

Implementation

Construction
contractors

PMU/EMS and
the Assistant
Plant Manager
will allocate
responsibilities in
accordance with
the Chance Finds
Procedure.

During
design and
construction.

Investigation will
be done to
ensure that
protection
against flash
flood is already
incorporated in
the design and
construction of
the power plant

PMU/EMS and
the Assistant
Plant Manager

Supervision

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

(*) Environmental regulations are to be included in all construction contracts.
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Monitoring
Indicators

Chance finds
(see annex II)

Type and
Frequency of
Reporting/
monitoring
Daily inspection
Quarterly
reporting of
summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, WB
etc.), if required.

Quarterly
reporting of
summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, WB
etc.), if required.

Management
and Training

MDEPC/PMU to
ensure that all
workers on site
are aware of the
importance of
archaeological
remains and
must report any
potential finds
immediately.
Immediate
liaison with
Competent
Administrative
Authority should
a potential find
be uncovered.

MDEPC/PMU to
ensure that all
workers on site
receive training
in emergency
preparedness
and response
procedures.

Indicative Cost
Estimate (US$)

Mitigation
measures
require
management
time.
Should chance
finds occur,
protection &
excavation could
add significantly
to the cost.

Relevant costs
are included
within the
construction
costs

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Mitigation Measures

Implementation
Schedule

Monitoring

Implementation

Supervision

Implementation of
Good Site
Management
practices shall be
the responsibility
of all contractors
on site under
supervision of the
PMU/EMS and
the Assistant
Plant Manager.

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

Monitoring
Indicators

Type and
Frequency of
Reporting/
monitoring

Management
and Training

Indicative Cost
Estimate (US$)

Solid Waste
Management
Good practice measures such as the
following:
(1) all waste taken off-site will be
undertaken by a licensed
contractor and MDEPC will audit
disposal procedure;
(2) collection and segregation of
wastes and safe storage;
(3) recording of consignments for
disposal;
(4) prior agreement of standards for
storage, management and
disposal with relevant
authorities.

During
construction.

Periodic
inspection is
required to
ensure the
implementation
of good
management
practices during
construction.

It is of highest importance that
final disposal of wastes shall be
strictly adhered to environment
friendly disposal Contract.
(*) Environmental regulations are to be included in all construction contracts.
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Management
contract in
place
Functional
transfer station.

Quarterly
reports from
management
contractor to
MDEPC and
then to EEHC.
These reports
are to be
submitted to
any other
concerned
authority (e.g.
EEAA, WB,
etc.), if
required.

MDEPC/PMU to
ensure all
contractors and
subcontractors
working on site
are aware of
ESMP and all
employees are
given basic
induction training
on good
construction and
site management
practices.

Management
time plus costs
(< US$ 20K)

Table 8-4 (Contd.)
Design and Construction Impact Mitigation, Monitoring and Management Measures(*)
Responsibility
Issue/Impact

Mitigation Measures

Implementation
Schedule

Monitoring

Implementation

Supervision

Implementation of
Good Site
Management
practices and the
EHS policies shall
be the
responsibility of
all contractors on
site under
supervision of the
PMU/EMS and
the Assistant
Plant Manager.

MDEPC Project
Manager in
collaboration
with the
Consultant Site
Manager.

Monitoring
Indicators

Type and
Frequency of
Reporting /
monitoring

Management
and Training

Indicative Cost
Estimate (US$)

MDEPC/PMU to
ensure all
contractors and
sub-contractors
for workers on
site include
reference to the
requirements of
the ESMP and
are aware of the
EHS policies and
plants. All
employees will
be given basic
induction training
on EHS policies
and practices.

Mitigation
measures will
require
management
time plus costs
of up to US$ 50K
for
implementation
of EHS Plans.

Occupational
Health & Safety
Good local and international
construction practice in Environment,
Health and Safety (EHS) will be
applied at all times and account will
be taken of local customs, practices
and attitudes. Measures include:
implementation of EHS
procedures as a condition of
contract all contractors and subcontractors;
clear definition of the EHS roles
and responsibilities of all
construction companies and
staff;
management, supervision,
monitoring and record-keeping
as set out in plant’s operational
manual;
pre-construction and operation
assessment of the EHS risks
and hazards;
completion and implementation
of Fire Safety Plan prior to
commissioning any part of the
plant;
provision of appropriate training
on EHS issues for all workers;
provision of health and safety
information;
regular inspection, review and
recording of EHS performance;
and
maintenance of a high standard
of housekeeping at all times.

During
construction.

Daily inspection
is required to
ensure the
implementation
of EHS Policies,
plans and
practices during
construction.

Workers health
and safety as
measured by
no. of incidents.

Daily inspection
Quarterly
reporting of
summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, W B,
etc.), if required.

Contractors are
responsible for
ensuring that a
Fire Safety Plan,
which conforms
to NFPA 850, is
prepared and
implemented
prior to
commissioning of
any part of the
plant under
supervision of
PMU/EMS and
the Assistant
Plant Manager.

(*) Environmental regulations are to be included in all construction contracts.
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Table 8-5
Operational Impact Mitigation, Monitoring and Management
Responsibility
Issue/Impact

Air Quality
Emissions
from stack are
not expected to
exceed
standards.

Mitigation Measures

Implementation
Schedule

Monitoring

Mitigation measures have
already been included in the
design of the plant and, given
MDEPC/BPP’s strict
commitment to use sollar fuel oil
for <2% of operating time, no
further mitigation measures are
proposed.

During first three
years of operation.

Automatic
monitoring of stack
emissions for NOx,
SO2, particulate matter
and carbon monoxide
(CO) via test ports
installed in the main
stacks.

MDEPC/BPP will however
demonstrate the validity of the
conclusions drawn in the ESIA
report.
Ambient air
quality affected
by emissions
from the power
plant.

MDEPC/BPP will demonstrate
the validity of the conclusions
drawn in the ESIA report. If
ground level concentrations are
found to be above local and
IFC/World Bank standards
options for further mitigation will
be discussed.

Install two
continuous NOx, SO2,
CO, PM10 & TSP
monitoring stations
to monitor short-term
concentrations in the
area predicted to have
the highest impacts on
humans (as there are
no other sensitive
environments). The
analyzer station near or
within the site
boundaries will include
a continuous monitor
of meteorological
conditions
(temperature, wind
speed, wind direction
and mixing heights).

Implementation

The analyzer
stations will be
owned and
operated by
MDEPC/BPP/
EMS.
Assistant Plant
Manager

Supervision

MDEPC Top
Management
EEHC
Environmental
Management
& Studies
Sector.

Stack
emissions (at
least PM10 ,
NOx, SOx and
CO).

Report
introduced to
EEAA as
requested.
Third party
inspection.

The analyzer stations
will be electronically
connected to the EEAA
ambient monitoring
system.
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Ambient air
pollutants
concentrations
(at least TSP,
PM10 , NOx,
SOx and CO).

Type and
Frequency of
Reporting/
monitoring
Continuous
Hourly data
acquisition.
Quarterly
reporting to
EEHC.
Reports are to
be available to
any of the
concerning
authorities
(EEAA, WB,
etc.).

Management
and Training

Indicative Cost
Estimate (US$)

Records must be
kept and
summary data
(including any
deviations from
Egyptian and
IFC/World Bank
standards) will
be submitted to
the Government
and WB on
annual basis (or
more frequently if
required).

Automatic stack
monitors:
included in the
project cost.

Annual reporting
by MDEPC/
BPP/EMS to
Government and
WB etc. (or
more frequently if
required)
highlighting key
features and
comparing
results with air
quality standards
and prediction in
ESIA report

Purchase of
Continuous
Monitors (see
construction
management
table).

Management
time for
compilation of
reports and
performance
monitoring:
included in
operation cost.

Annual servicing,
calibration &
running costs:
included in
operation cost.

Table 8-5 (Contd.)
Operational Impact Mitigation, Monitoring and Management
Responsibility
Issue/Impact

Aquatic
Environment
Discharge of
process and
cooling water.

Mitigation Measures

The design of the intake and
cooling towers system water
structures have already
incorporated measures to
reduce impacts. In addition,
good site management
practices including the following
will be implemented:
1) neutralization, oil separation,
flocculation and filtration of
any contaminated water
before discharge to either
plantation irrigation network
or the sewer network (if
close to the site);
2) no disposal of solid wastes
or waste water into the
discharge structure;
3) regular maintenance of site
drainage system to ensure
efficient operation;
4) all discharges will comply
with local Egyptian
guidelines.

Implementation
Schedule

Lifetime of the
plant

In addition, MDEPC/BPP will
demonstrate the validity of the
conclusions drawn in the ESIA
report. If pollutant
concentrations in the
discharge or impacts to the
surrounding aquatic
environment are found to be
above local standards or
unacceptable, options for
further mitigation will be
discussed and most
appropriate measures will be
implemented.

Monitoring

Prepare regular water
quality monitoring program
including:
1) quality of all water prior
to discharge
(continuous
monitoring of all
discharged water for
temperature and pH,
daily monitoring of
process water for COD,
TSS, oil & grease and
residual chlorine and
monthly monitoring of
light metals and other
pollutants)
2) ambient water quality in
the area affected by the
discharge plume (3monthly monitoring of
temperature, pH, COD,
BOD, TOC, DO, TSS, oil
& grease, residual
chlorine, light metals and
other pollutants.
Annual monitoring of
benthic environment within
a 2 km radius of the
discharge point (over a 3
year period)
Weekly monitoring of fish
catches on intake screens
including species, numbers
and size (over a 1 year
period).
Monitoring of the thermal
plume for consistency with
model predictions is
required. In fact there is
little presented here to
indicate that the hot water
plume is the chief water
environmental issue

Implementation

Supervision

MDEPC/BPP/
EMS

MDEPC Top
Management

Assistant Plant
Manager.

EEHC
Environmental
Management
& Studies
Sector.

Basic
parameters
as per the
Law
48/1982
and Law
93/1962

Type and
Frequency of
Reporting/
monitoring
Monthly reports
from
MDEPC/BPP/
EMS to EEHC
Continuous
monitoring of
water quality
etc.
Monthly
monitoring of
light metals and
other pollutants.
3-monthly
monitoring of the
plume.
Annual
monitoring of
benthic
environment
(over a 3 year
period).
Weekly
monitoring of
Fish Catches on
intake screens
(over a 1 year
period.
Reports are to
be available to
any of the
concerning
authorities
(EEAA, WB,
etc.).

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Monitoring
Indicators

Chapter 8- Page 28 of 43

Management
and Training

Records will be
kept and
compared on
regular basis
against Egyptian
and IFC/World
Bank standards
and impacts
predicted in
ESIA.
Summary
reports (with any
exceptions
identified) will be
submitted to the
Government
and W B etc. on
annual review
basis (or more
frequently if
required).
MDEPC/BPP/EM
S to ensure that
all employees
are given basic
induction training
on the
requirements of
the ESMP, good
site management
practices and
H&S procedures.
The Assistant
Plant Manager
will ensure
implementation
of procedures.

Indicative Cost
Estimate (US$)

Management
time for
implementation
of site
management
practices.
included in
operation cost
All costs are
included in
operation cost.

Table 8-5 (Contd.)
Operational Impact Mitigation, Monitoring and Management
Responsibility
Issue/Impact

Noise

Mitigation Measures

Specific design mitigation measures
to minimize noise impacts include:
gas turbines, steam turbine
generators; air compressors,
pumps and emergency diesel
engines are enclosed in
buildings;
air compressors are equipped
with silencers;
noisy outdoor equipment are
designed to a noise limit of 85
dB (A) at 1 m.
(If measurements after
operation indicate noise
exceedance above Law Value,
the height of the Fence of the
power plant will be increased
by around 3 m).

Implementation
Schedule

During first year
of operation.

Monitoring

When the plant
is fully
operational,
noise audit
measurements
are to be carried
out at noise
sources and at
the fence of the
power plant as
well as at noise
receptors
around the plant.

Implementation

MDEPC/BPP/EMS
Third party audit
supervised by
Assistant Plant
Manager

Supervision
MDEPC Top
Management
EEHC
Environmental
Management &
Studies Sector.

In addition, plant workers will be
provided with protective wear in
plant areas with high noise levels.
The plant will operate in
accordance with internationally
accepted health and safety
measures.
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Monitoring
Indicators

Noise level
dB(A).

Type and
Frequency of
Reporting/
monitoring
Quarterly to
MDEPC and
EEHC.
Monthly
reporting of
summary results
(or more if
requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, WB,
etc.), if required.

Management and
Training

Indicative Cost
Estimate (US$)

Should any
complaints be
received regarding
noise, these will
be logged and the
Assistant Plant
Manager will
investigate
problem.

Minimal costs
(up to US$ 10K
per annum)
required for
provision of
protective wear
(included in
operation cost).

MDEPC/BPP/EMS
to ensure that all
employees are
given basic
induction training
on the
requirements of
the ESMP, good
site management
practices and H&S
procedures. The
Assistant Plant
Manager will
ensure
implementation of
procedures.

No further
mitigation or
monitoring costs
envisaged with
the exception of
management
time.
Noise audit US$
10-20K (included
in operation
cost).

Table 8-5 (Contd.)
Operational Impact Mitigation, Monitoring and Management
Responsibility
Issue/Impact

Mitigation Measures

Implementation
Schedule

Monitoring

Implementation

Supervision

Monitoring
Indicators

Type and
Frequency of
Reporting/
monitoring

Management and
Training

Indicative Cost
Estimate (US$)

MDEPC/BPP/EMS
to ensure that all
employees are
given basic
induction training
on the
requirements of
the ESMP, good
site management
practices and H&S
procedures. The
Assistant Plant
Manager will
ensure
implementation of
procedures.

Management
time

Considered
management of
landscaped areas
to maximize visual
image and habitat
creation.

Approx. US$ 2035K for
landscaping
measures
(included in
operation cost)

Flora and Fauna
Disturbance to
habitats as a
result of noise,
vehicle and
personnel
movements.

Visual Impact
Visual image of
power plant from
surrounding
areas.

The following mitigation measures
will be implemented:
restrict personnel and vehicle
movements to access roads
and within boundaries of site
only; and
control of noise during
operation.

Lifetime of the
plant.

The visual effect of the power plant
will be improved through:
creation of landscaped
boundary along the fence of
the power plant.
Ficus elastica var decora and
Ficus nitida will be propagated
and the resulting plants will be
used for decorating and
landscaping the site when
completing the new power
plant. One may obtain 200-300
individual plants from a single
tree.

Lifetime of the
plant.

No monitoring is
envisaged.

No monitoring is
envisaged.

MDEPC/BPP/
EMS

MDEPC Top
Management

Assistant Plant
Manager

EEHC
Environmental
Management &
Studies Sector.

MDEPC/BPP/EMS

MDEPC Top
Management

Assistant Plant
Manager

EEHC
Environmental
Management &
Studies Sector.

Improved visual
image

Yearly

MDEPC/BPP/EMS
to contract a
suitable firm to
manage
landscaped areas.

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Good
plantation

Chapter 8- Page 30 of 43

Table 8-5 (Contd.)
Operational Impact Mitigation, Monitoring and Management
Responsibility
Issue/Impact

Soil and
Hydrology
Spillage of oils,
chemicals or
fuels on site.

Solid Waste

Mitigation Measures

Implementation
Schedule

Good site management measures as
described under Aquatic
Environment will minimize any
potential risks. As part of this,
regular checks of bunds and
drainage systems will be undertaken
to ensure containment and efficient
operation.

Lifetime of the
plant

Good practice measures
undertaken during the
construction phase will be
continued into the operation phase
(see Table 6).
It is of highest importance that
final disposal of wastes shall be
strictly adhered to environment
friendly disposal Contract.

Lifetime of the
plant

Monitoring

Implementation

The Assistant
Plant Manager
will continuously
monitor
application of
ESMP and good
site management
practices and
take corrective
action if
required.

MDEPC/BPP

Continuous
observation of
good practices is
required to
ensure the
implementation
of good
management
practices during
operation.

MDEPC/BPP

Assistant Plant
Manager

Implementation of
Good Site
Management
practices shall be
conducted under
supervision of the
Assistant Plant
Manager.

Supervision

MDEPC Top
Management
EEHC
Environmental
Management &
Studies Sector.

MDEPC Top
Management
EEHC
Environmental
Management &
Studies Sector.
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Monitoring
Indicators

Type and
Frequency of
Reporting/
monitoring

Quality of
bunds and
drainage
systems.

6-monthly
reports from
management to
EEHC.

Efficiency of
operation.

Annual reporting
of summary
results (or more
if requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, W B,
etc.), if required.

Management
contract in
place.

3-monthly
reports from
management to
EEHC.

Functional
transfer station.

Annual reporting
of summary
results (or more
if requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, W B,
etc.), if required.

Management
and Training

Indicative Cost
Estimate (US$)

MDEPC/BPP,
through the
Assistant Plant
Manager, will
implement a
Spills Response
Plan and all
employees will
receive
corresponding
training.

Management
time

MDEPC/BPP to
ensure all
employees are
given basic
induction training
on good
operation and
site management
practices.

Management
time and costs
(<US$ 10K per
annum)
(included in
operation cost)

Table 8-5 (Contd.)
Operational Impact Mitigation, Monitoring and Management
Responsibility
Issue/Impact

Occupational
Health and
Safety,
Risks and
Hazards

Mitigation Measures

Standard international practice on
EHS issues shall be employed on
site. The mitigation measures
summarized in construction
management Table apply.
In addition, the following measures
will be undertaken:
(1) Provision of training in use of
protection equipment and
chemical handling.

Implementation
Schedule

Lifetime of the
plant

Monitoring

Regular on-site
training.
Regular staff
checks, system
checks and field
tests of
emergency
procedures by
on-site
management.

Implementation

MDEPC/BPP/EMS
Assistant Plant
Manager

Supervision

MDEPC Top
Management
EEHC
Environmental
Management &
Studies Sector.

(2) Use of protective equipment.
(3) Clear marking of work site
hazards and training in
recognition of hazard symbols.

Management
procedures in
place.
W orkers health
and safety
measured by
incidents,
injuries and
illnesses.

Type and
Frequency of
Reporting/
monitoring

Monthly reports
from
management to
EEHC
Annual reporting
of summary
results (or more
if requested) and
submitted to the
EEHC and any
other concerned
authority (e.g.
EEAA, WB,
etc.), if required.

Management and
Training

Indicative Cost
Estimate (US$)

MDEPC/BPP/EMS
to ensure that all
employees are
given basic
induction training
on H&S policies
and procedures,
Emergency
Preparedness and
Response Plan
and a Spills
Response Plan.
The Assistant
Plant Manager is
to ensure
implementation of
procedures.

Management
time and costs
(< US$ 15K per
annum)
(included in
operation cost)

MDEPC/BPP/EMS
is responsible for
ensuring that the
site emergency
response plan is
complete and
implemented prior
to commissioning
any part of the
power plant.

(4) Installation of vapour detection
equipment and control
systems.
(5) Development of site
emergency response plans.
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Table 8-5 (Contd.)
Operational Impact Mitigation, Monitoring and Management
Responsibility
Issue/Impact

SocioEconomic
Environment
Positive impacts
identified

Mitigation Measures

Fish Catch: based upon experience
with similar plants elsewhere along
the Mediterranean Sea and its
branches and the opinions of the
fishermen, impacts are very likely to
be positive.

Implementation
Schedule

First year of
operation.
(possibly 2 other
years)

Monitoring

In collaboration
with the Fishery
Authorities,
monitor any
changes to the
fish catch

Implementation

MDEPC/BPP/EMS
Assistant Plant
Manager

Supervision

MDEPC Top
Management
EEHC
Environmental
Management &
Studies Sector.
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Monitoring
Indicators

Fish catch no.
& quality

Type and
Frequency of
Reporting/
monitoring

Monthly reports
from
management to
EEHC

Management
and Training

Indicative Cost
Estimate (US$)

Included in
operation costs.

Table 8-5 (Contd.)
Operational Impact Mitigation, Monitoring and Management
Responsibility
Issue/Impact

Mitigation Measures

Implementation
Schedule

Monitoring

Training programs and health
and safety measures will
include knowledge about
HIV/AIDS awareness,
prevention and treatment.

Lifetime of the
plant

Regular on-site
training.

Implementation

Supervision

MDEPC/BPP/EMS

EEHC
Environmental
Management &
Studies
Sector.

Monitoring
Indicators

Type and
Frequency of
Reporting/
monitoring

Management and
Training

Indicative Cost
Estimate (US$)

MDEPC/BPP/EMS
to ensure that all
employees are
given basic
induction training
on safeguard and
protection policies
and procedures.

Management
time and costs
(< US$ 30K
per annum)

Communicable
Diseases

Specialized service provider
will be sub-contracted by the
Consulting Engineer and
included in the BoQ
depending on the approach.

Regular staff
checks,
system checks
and field tests
of safeguard
and protection
procedures by
on-site
management.

Assistant Plant
Manager

Management
procedures in
place.
Workers
safeguard and
protection
measured by
illnesses.

The service provider would
also talk about other
communicable diseases
such as STD, TB and
Hepatitis B and C.
The information would be
imparted to construction
workers especially those
coming in from outside the
project area through
seminars, pamphlets and
peer discussions.
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Monthly
reports from
management
to EEHC
Annual
reporting of
summary
results (or
more if
requested) and
submitted to
the EEHC and
any other
concerned
authority (e.g.
EEAA, etc.),
if required.

Table 8-6
Summary of Implementation Cost of the ESMP
No.
1

2

Phase of Implementation
Construction Phase
Pre-commissioning Monitoring
(ambient air quality monitoring
equipment)

Cost in US$
Measures

Monitoring

120 K
1325 K

(with possible support
from the Arab Funds)

138 K
155 K
70
20
20 K

All others
Training
Operation Phase
Training
Sub. Total
Grand Total

Source of
Funding
MDEPC
MDEPC

MDEPC
MDEPC
MDEPC
MDEPC

190 K
1658 K
1848 K

Table 8-6 shows that the total implementation cost of the environmental and
Social Management Plan is about US$ 1.5 million, which amounts to about
0.18% of the total project cost.

8.4

BASELINE MONITORING OF THE
PRE-CONSTRUCTION ENVIRONMENT

8.4.1

Baseline Air Quality Survey Using Air Quality Monitoring System
Objectives
Monitoring of air quality parameters such as NO2 and SO2 offers an
appropriate method of obtaining hourly, daily, monthly and annual mean
pollutant concentrations over a wide spatial area. A continuous monitoring
program continued over an extended period, enables measured 1 hr, 24 hr
and annual mean pollutant concentrations to be compared with relevant
Egyptian, IFC/World Bank, and other lending Banks guidelines. It provides a
baseline against which to evaluate short-term impacts measured using
continuous NO2 , SO2, CO and TSP analyzers.
The main objective of the proposed air quality monitoring program is to
determine the effect of emissions from the Burullus C.C. Station. Prior to the
commencement of a monitoring program, the number and location of
monitors that are required to provide adequate aerial coverage need to be
determined. Consideration should be given to the effects of existing sources,
nearby terrain, meteorological conditions, and the pollutant to be monitored
as well as their associated averaging times.
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Natural gas will be used as the primary fuel, and no. 2 fuel oil will be used for
emergency purpose only with a total firing period not to exceed 7 days per
year. For the siting study of permanent monitoring stations, only the normal
gas-fired scenario was analyzed.
Methodology
Based on the U.S. Environmental Protection Agency guidance (EPA, 1987),
air dispersion modeling should first be performed to determine the general
locations(s) of maximum air pollutant concentrations from the proposed
source.
To determine the magnitude and locations of maximum background air
quality impacts, the AERMOD model, developed of the EPA-approved
Industrial Source Complex (ISC-Prime) was used for the study. The AERMOD
mode was also used for a stack height determination analysis conducted for
the Burullus C.C. Project (see Section 6.2).
In addition, as indicated in Section 5.4, there were four existing background
air quality monitors located within the Burullus C.C. plant site. These four
onsite monitors have collected sufficient ambient records to form a good base
of representative background data (Energy & Environment Research Center
(E2RC), Tabbin Institute for Metallurgical Studies (TIMS), Ministry of Industry
& Foreign Trade, July 2015).
In general, air quality monitors should be placed at (a) the expected area of
the maximum concentration from the new source, and (b) the maximum
combined impact area(s).
Generally, two to three sites would be sufficient for most situations in multisource areas. In areas where there are no significant existing sources, one or
two sites would be sufficient.
For convenience, the maximum impact locations derived in Section 6.2 are
presented by the polar coordinate and the conventional x-y coordinate. Both
coordinates use the same origin as shown in Figure 8-3.
1-hour, 24-hour and annual maximum impact areas were considered in the
design of the monitoring network.
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Figure 8-3
Burullus Air Quality Monitoring Locations

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 8- Page 37 of 43

As indicated in Table 6-7(B), the maximum total combined 24-hour impact
level (93.48 g/m3, including the background level) is under the Egyptian 24hour limit of 150 g/m3. The maximum 24-hour impact level of the Burullus
C.C. power project is 78.60 g/m3 (excluding the background level).
The maximum combined 1-hour impact level, including the highest value
during 2014, is 277.04 g/m3. The Burullus C.C. plant contributed
239.84 g/m3 at this location.
Based on the results presented in Table 6-7, the maximum annual impact
area consistently occurred between 130o and 140o to the south - east from
plant north at a distance of 348 m from the origin point intermediating all the
Burullus C.C. power stack group locations. The majority of the 24-hour
maximum impact areas due to the operation of the four Burullus Combined
Cycle Modules occurred between 130 o and 140o at a distance 421 m. The
maximum 1-hour impact levels are very similar among the three years (2012,
2013 & 2014) considered. The majority of the maximum impact areas
occurred between 130o and 140o at plant south – east and at a distance of
about 456 m. A comparison of the estimated maximum concentrations with
the relevant standards is given in Table 6-7.
Figure 8-3 depicts the locations of the Maximum of daily average of NO2
concentrations and the Maximum of annual average of NO2 concentrations.
The suggested monitoring locations are presented in Figure 8-3. Areas,
instead of the precise points, are suggested because in some cases, it is
simply not practical to place monitors at the indicated modeled locations.
However, it is recommended that an air quality monitoring system composed
of 2 or 3 monitoring stations will be utilized. The monitoring station equipped
with meteorological monitoring system will be located near to, or within, the
Burullus C.C. power plant site, the other one or two stations will be located
one down wind within the designated area and the other (if any) upwind.
Reporting
Reports will be prepared by MDEPC/BPP on a quarterly basis, and be
prepared as continuous monitoring concentration summaries.
8.4.2

Aquatic Environment
At the request of the MDEPC/EEHC/AMG a field survey was undertaken by
Institute of Marine Sciences & Fisheries (IMSF) representatives and by
National Research Center staff of the Burullus C.C. shoreline segment area
fronting the power station site. The results of this survey shall be retained as
a baseline comparison for Sea monitoring during power plant operation.
In addition, site management practices and site drainage systems will be
continuously monitored by the site Assistant Plant Manager to ensure that no
pollutants reach the aquatic resources.
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8.4.3

Archaeology and Cultural Heritage
Throughout construction, activities will be closely supervised by personnel
trained to recognize potential archaeological finds. Should a potential find be
uncovered, the mitigation measures described in Section 7.2.8 will be
employed.

8.5

MONITORING OF IMPACTS DURING
POWER PLANT OPERATION

8.5.1

Stack Emissions
Stack emissions will be monitored continuously during plant operation at a
representative point in the stack. Operational monitoring of stack emissions
shall comprise monitoring the levels of:
Oxides of Nitrogen;
Sulfur Dioxide;
Carbon Monoxide; and
Total Suspended Particles and PM10.
The automatic monitoring system used will be linked to an alarm to warn
when emission limits (as stated in Section 2) for each pollutant are being
approached.
Concentrations will be recorded as hourly rolling averages and reports on
stack emissions monitoring will compare recorded emissions against
predicted levels and Egyptian, WB and other lending Banks guidelines (as
given in Section 2). Reports will be submitted to the EEAA, the WB and any
other concerned authority on an annual basis (or as required).

8.5.2

Ambient Air Quality - Validation of Modeling Predictions Using
Continuous NOx, SO2 and TSP Analyzer
Objectives
The use of a continuous NOx, SO2, CO and TSP analyzer allows for baseline
air quality monitoring on a continuous basis. The provision of two continuous
monitors (or three: one at the site, one upwind and the third downwind) will
provide the basis for “validating” the predictions made in the ESIA. The
monitors will also include a weather station providing data on air temperature,
wind speed, wind direction and mixing heights on a continuous basis. These
monitors shall, also, be connected electronically to the EEAA ambient
monitoring system.
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Methodology
The monitors will be purchased and installed as far in advance of plant startup as possible so that baseline data can be collected for the two (or three)
sites, using equipment capable of measuring short-term averages.
Training will be provided to the nominated operatives in relation to use,
maintenance and troubleshooting for the equipment. The equipment will be
monitored on a daily basis by MDEPC/BPP to ensure that it is working
correctly. Daily maintenance monitoring can be undertaken remotely by
downloading the recorded results from the analyzers at upwind and
downwind locations to the shelter at the project site (i.e. the analyzers do not
need to be physically checked daily). The results will be checked by
MDEPC/BPP to ensure they are realistic and also to check against
anomalies. Daily down-loading of data will also ensure that continuous
records are maintained in the event of equipment failure or power shortage.
The Burullus C.C. construction and operational monitoring of air quality
around the power project will include the parameters summarized in Table
8-7.
Reporting
The equipment measures air quality on a continuous basis and is capable of
calculating and reporting on short-term averages. Twenty-four hour and 1hour averages would be appropriate measurements to record.
Annual reports will be provided to the EEAA and to the WB or any other
concerned authority (via MDEPC/BPP) (or more frequently if required),
highlighting key features and comparing the results with air quality standards
(as presented in Section 2), with the predictions in the ESIA report, with
respect to gas supply failure and subsequent emergency use of light fuel oil
(sollar), baseline air quality and worst case air quality predictions, once the
plant is operational.
8.5.3

Aquatic Environment
Monitoring of impacts of the power plant on the aquatic environment will
include monitoring of the quality of the discharge water, Sea shoreline and
benthic sediments, ambient water quality and the impact on aquatic flora and
fauna. The survey techniques and areas will be comparable to the survey
undertaken by both of the Institute of Marine Sciences & Fisheries (IMSF)
and the National Research Center during July 2015. The survey will include
the area affected by the thermal plume (i.e. 100m from the discharge point).
The operational monitoring of cooling water and effluent discharge will
include the parameters summarized in Table 8-8 below.
Monitoring data will be analyzed and reviewed at regular intervals and
compared with Egyptian, EEAA, IFC/World Bank and other lending Banks
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guidelines (as given in Section 2). Records of monitoring results will be kept
in a suitable format and will be reported (in summary format with any
exceptions identified) to the responsible government authorities and the WB,
or any other concerned authority as required. As a result, the project
company, in discussion with the EEAA, EEHC and any other concerned
authority, will review the need to implement any additional mitigation features,
such as provision of further water treatment facilities on site and also on the
need to continue monitoring.

8.5.4

Waste Monitoring
Wastes generated on site and collected for disposal by skilled firms will be
referenced, weighed and recorded. Environmental audits will be undertaken
which will assess the quality and suitability of on- and off-site waste
management procedures.

Table 8-7
Monitoring Program for Ambient Air Quality, Noise and Vibrations

Item

Monitoring Parameters

Monitoring
Locations

Indicative
Cost
Estimate
(US$)

Quarterly during
most of the
construction
period.

On site of the project
and its surroundings.

Measurement
cost: US$70K

Continuous
monitoring during 6
months ahead of
commissioning.

2 locations minimum:
at maximum
predicted pollution
concentration and
downwind.
Third location, if any,
will be 1 km upwind.

Approx. US$
1000-1500K

Monthly

6 locations
minimum: at nearest
residences

Management
time and
costs (US$
10k)

Sampling
Frequency

Construction Phase
Air Quality
Dust emissions caused by
construction activities,
construction vehicle
movements, and transport of
friable construction materials.

Noise

NO2 , SO2 , CO, TSP
and PM10.

Decibels (dB) A
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Table 8-7 (Contd.)
Monitoring Program for Ambient Air Quality, Noise and Vibrations

Item

Monitoring Parameters

Sampling
Frequency

Monitoring
Locations

Indicative
Cost
Estimate
(US$)

Operation Phase
Air Quality
Emissions
from stack are not expected
to exceed standards.

Automatic monitoring of stack
emissions for NOx, SO2,
particulate matter and carbon
monoxide (CO) via test ports
installed in the main stack.
In addition, conduct surrogate
performance monitoring.

Ambient air quality affected
by emissions from the power
plant.

Install (at least) two continuous
NOx, SO2, CO, PM10 & TSP
monitoring stations to monitor
short-term concentrations in the
area predicted to have the highest
impacts on humans (as there are
sensitive environments). The
analyzer station near or within the
site boundaries will include a
continuous monitor of
meteorological conditions
(temperature, wind speed, wind
direction and mixing heights).

Noise

Continuous
and/or 24 hour
average
Continuous
and/or passive
samples every
2/4 weeks

2 locations minimum:
at maximum
predicted pollution
concentration and
downwind.
Third location, if any,
will be 1 km upwind.

Included in
the plant
operation

6-10 sites at nearest
receptors and fence
around the plant

Noise
audit
US$ 10-20K
(included in
operation
cost)

The analyzer
stations will be
electronically
connected to the
plant controlling
room and may
be connected to
the EEAA
monitoring
system.

Bi-annually to
annually

Third
party
(e.g.
NRC)
Measuring
instruments
and
equipment.
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Table 8-8
Monitoring of the Aquatic Environment During Operation
Issue

Parameter

Frequency of

Method

measurements

all

Continuous automatic monitor in
discharge structure

Continuous

COD, BOD, TSS, Oil & Grease,
residual chlorine of effluent

Sample taken from water in
discharge structure and submitted
for lab. Analysis

Daily

Heavy metals & other pollutants
of effluent.

As above

Temperature profiles are to be
monitored to compare with the
thermal plume predictions.

Either measuring the geometry or
the total area of say the 3o and 5o
envelopes and compare with model
predictions.

First Operation
of the plant.

Ambient Water
Quality

Temperature, pH, COD, BOD,
TOC, DO, TSS, oil & grease,
residual chlorine, heavy metals &
other pollutants

Grab sampling and analysis within
the area of the discharge plume

3-monthly

Flora &
Fauna (1)

Benthic flora & fauna

Transect sampling (following same
method as in baseline monitoring)
within a 2 km radius of the
discharge point

Annual

Entrainment (2)

Fish entrainment on screens

Removal and analysis of any debris
caught in intake screens

Weekly

Water Quality

Temperature &
discharged water

pH

of

Monthly

Notes:
(1) To be undertaken for the first 3 years of plant operation.
(2) To be undertaken for the first year of plant operation.
Abbreviations:
COD: Chemical Oxygen Demand
BOD: Biological Oxygen Demand
TOC: Total Organic Carbon
DO: Dissolved Oxygen
TSS: Total Suspended Solids
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9.

CONSULTATION AND DISCLOSURE

9.1

INTRODUCTION AND GENERAL APPROACH
In order to ensure that the views and interests of all project stakeholders are
taken into accounts, public consultation has been carried out according to the
World Bank and other lending Banks guidelines and EEAA requirements
which require coordination with other government agencies involved in the
ESIA, obtaining views of local people and affected groups. This consultation
has been undertaken as part of the Environmental and Social Impact
Assessment process. The process of this consultation is also implemented in
accordance with World Bank and other lending Banks requirements for
Phase I and Phase II consultations.
This section summarizes the activities which have been undertaken in Phase
I, the results of consultation and a summary of the activities which have been
undertaken as a complementary procedure (Phase II). It, also, summarizes
the activities which may be undertaken, under this condition, during the
construction and operation of the power plant.

9.1.1

Public Consultation Regulations and Requirements
In accordance with EEAA guidelines and World Bank requirements, namely
the Bank's Operational Policy (OP) 4.01 Environmental Assessment and
other key documents, and the other lending Banks regulations namely
Environmental and Social Assessment Procedures for Public Sector
Operation, affected groups and NGOs must be consulted as part of the
environmental assessment of projects. The primary purpose of this provision
is to protect the interests of affected communities. Therefore, the ESIA
process should include consultation and disclosure of information to key
stakeholders involved in and/or affected by the Burullus C.C. power plant
project.
The objectives of consultation and disclosure are to ensure that all
stakeholders and interested parties, are fully informed of the proposed
project, have the opportunity to voice their concerns and that any issues
resulting from this process are addressed in the ESIA and incorporated into
the design and implementation of the project.
Egyptian Law number 4 of 1994 and its amending Law 9/2009, which
address the environment, do stipulate and refer directly to public consultation
within the ESIA process. Also, its importance may be inferred from the
inclusion
of
representatives
of
environmental
non-governmental
organizations on the Board of Directors of the EEAA. Furthermore, the EEAA
“Guidelines for the Basis and Procedures of Environmental Impact
Assessment (EIA) – Sector Guidelines” (Jan. 2009) suggest discussions with
local stakeholders and interested parties during scoping and preparation of
the ESIA.
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9.2

CONSULTATION METHODOLOGY
The adopted methodology for the public consultation comprises two phases,
including four elements, namely:
Phase I
discussions with local stakeholders during scoping and preparation of
this ESIA-Report, including the organization of Public Scoping Sessions
in the Kafr esh-Sheikh Governorate;
discussions with local stakeholders and interested parties during
preparation of the environmental documents for local permitting
requirements;
Phase II
the organization of a Public Consultation Meeting in the Kafr esh-Sheikh
Governorate, and
on-going consultation through an “open-door” policy during construction
and operation of the power plant.
As far as public disclosure is concerned, major initiatives to inform the public
and interested parties about the Burullus C.C. Power project include the
following:
press advertisement describing the project and inviting interested parties
to attend the public meeting and review the Draft Final ESIA Report;
distribution of an invitation and copy of the Non Technical Summary (in
Arabic) describing the context of the power plant, the technology
employed, the impact on the environment, the mitigation measures and
the ESMP; and
disclosure of the Draft Final ESIA Report, including the Executive
Summary, locally and via the World Bank, if required, and the other
lending Banks Infoshops.
A Public Consultation and Disclosure Activities (PCDA) are designed and
implemented in accordance with World Bank and the EEAA guidelines. The
purpose of the Activities is to establish the process by which MDEPC/BPP
will consult and involve stakeholders in the planning, development,
construction and operation of the power plant.
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9.2.1

Stakeholders
During the ESIA process, stakeholders for the project have been identified
and include the following:
Local Council and District Authorities;
Government Regulatory Agencies;
Local business and commercial interests;
Local people including population representatives;
Environmental research organizations; and
NGOs and other environmental interests.
A full list of primary stakeholders is presented in Table 9-1.
Table 9-1
Primary Stakeholder Organizations

Organization
Kafr esh-Sheikh Governorate
Markaz Burullus and Markaz Baltim Zones
Egyptian Electricity Holding Company (EEHC)
Egyptian Electricity Transmission Company (EETC)
Local Electricity Authority (Mid Delta Electricity Production Company “MDEPC”)
Egyptian Environmental Affairs Agency (EEAA)
Ministry of Water Resources and Irrigation (MoWRI)
Burullus population representatives
Ministry of Transport
Burullus Transport Department
Egyptian General Petroleum Corporation (EGPC)
Egyptian Natural Gas Holding Company (EGAS)
Kafr esh-Sheikh "City Gas" Company
Supreme Council of Antiquities
Egyptian General Authority for Shore Protection
National Research Center, State Ministry of Scientific Research and Technology
General Authority for Fishery Development, Ministry of Agriculture
Egyptian General Authority for Meteorology
National Authority for Remote Sensing and Space Sciences (NARSS)
Active NGOs in the project wider area.
Local People Representatives.
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9.2.2

Management and Participation
Public consultation and disclosure is managed and undertaken by AL-AMAR
Consulting Group S.A. (AMG) and MDEPC with participation from EEHC.
Phase II of the consultation and disclosure process, which includes local
disclosure of the Draft Final ESIA-Report and a public meeting, is undertaken
in close collaboration with the local authorities, namely the Kafr esh-Sheikh
Governorate. Concerned stakeholders including local industry, economic
representatives and local people, have been, and will continue to be,
requested to actively participate in this process.
It was not anticipated that any further notification will be required, for
example, the posting of notices locally, since local communities or
settlements near the power station site were notified by the MDEPC/BPP.
Further, it was very evident from the scoping sessions that the attendance of
the Kafr esh-Sheikh Governor or his representative, the MDEPC’s Chairman,
and the President of Burullus Local People Council, at the public meeting will
ensure media coverage.

9.3

PHASE 1 CONSULTATION

9.3.1

Consultation Undertaken by AMG, EEHC and MDEPC
During the preparation of an ESIA-Report for local permitting requirements,
AMG, EEHC and MDEPC undertook consultations with a variety of
organizations to assist them in the identification of environmental and social
concerns and the overall development of the project. These stakeholders
included the Egyptian Electricity Holding Company (EEHC), Mid Delta
Electricity Production Company (MDEPC), Egyptian Environmental Affairs
Agency (EEAA), the Kafr esh-Sheikh Governorate and the Markaz Council of
Burullus, including Baltim & Gamasah zones, Egyptian General Authority for
Shore Protection, Hydraulics Research Institute, Institute of Marine Sciences
and Fisheries, SIEMENS and local population leaders.
The purpose of these consultations was primarily to provide information
regarding the project, identify published and non-published sources of
relevant data and information relating to the site and surrounding area, obtain
views on the scope of the project, and open channels for ongoing
discussions.
The key environmental and social issues raised during this consultation
process are summarized in Table 9-2 and these issues were subsequently
taken into account in the preparation of ESIA documentation both for local
permitting requirements and this ESIA report.
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Table 9-2
Key Environmental Issues Associated with the Development of the Proposed
Burullus C.C. Power Plant Identified During Local ESIA Consultation
Subject

Description of the Key Issues

Air Quality

Level of stack emissions from the power plant and the resulting
compliance with air quality standards during normal operation and
emergency periods, i.e. if the gas supply is interrupted.
Potential for cumulative air quality impacts due to the simultaneous
operation of the proposed New Burullus power plant and nearby
industrial facilities.

Aquatic Ecology

Vulnerability of aqua-culture from liquid effluents and the sea
water.

Mediterranean Sea
Shoreline & Seabed
Morphology

Vulnerability of shoreline and riverbed due to erosion and
sedimentation processes resulting from intake and discharge
system.

Noise

Levels of noise which will be experienced at local receptors.

Hazardous Waste

Vulnerability of human health from materials containing hazardous
matters, if found, during construction and operation.

Traffic

Traffic generation, especially during construction, and the potential
for congestion on local roads, particularly Coastal International
Regional Highway.

Socio-economic

Employment.
Demand for Local Services.

Land Acquisition/
Compensation

Level of compensation in case of land acquisition (if any).

9.3.2

Consultation during the ESIA Process
A scoping sessions for this ESIA undertaken by AMG in collaboration with the
EEHC and MDEPC, took place during June- July 2015, during which a wide
selection of personnel from different orientations contributed actively to its
activities.
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The key objectives of this consultation were to identify primary and secondary
stakeholders, ensure that they had received sufficient information about the
project during earlier consultation activities and to identify their immediate
concerns.
The sessions were organized to include the following activities:
Presentation of the ESIA scope as per the TOR;
Breakdown of the activities to highlight the issues that the attendees
might comment on;
Explain the environmental issues and invite the participants to raise their
concerns about possible negative impacts; and
Conduct the discussions and invite the owner, local authorities and
agencies to participate in the discussions.
The issues raised during the scoping session are summarized in Table 9-3
below.

9.3.3

Mini-meetings with Affected Stakeholders
In addition to the scoping sessions, several mini-meetings were held with
some particular affected stakeholders for taking their viewpoints into
consideration.
The purpose of taking these viewpoints into account was to improve project
viability. The World Bank (1991) has found that where such views are
seriously considered and incorporated in the EA process, projects are likely
to be more successful. The Bank provides some useful guidance regarding
the extent and level of stakeholder involvement in the EA process in its
Sourcebooks (World Bank, 1991-Chapter 7).
Mini-meetings were held with fishermen on the Baltim area, the academia
representatives, Gamasah village Administration, MDEPC project staff,
General Authority for Fishery Development and some active NGOs in wider
Burullus zone, namely Burullus Association for Social Aid, Environment
Protection and Local Burullus Services.
These mini-meetings were seen important for:
informing interested groups and individuals about the proposed
development, its potential impacts, and measures which will lessen
impacts and protect the environment;

_______________________________________________________________________________________________________________________________________

ESIA for Burullus, 4800MW Combined Cycle Power Plant
September 2015

Chapter 9- Page 6 of 10

Table 9-3
Key Issues Raised During ESIA Scoping
Key issue
discussed

Comments

Overall Project

All parties consulted expressed their overall approval for the project.
Local Stakeholders commented that the power plant will be central to securing
power supply for the industrial and commercial activities in the area and will
benefit the local economy through labor opportunities.

Social and
Economic
Impact

Local stakeholders and council leaders considered the social and economic
impact of the plant to be wholly positive.

Land
Acquisition/
Compensation

There was a clear and common appreciation when fair compensation rules were
explained.

Waste water
discharge and
the aquatic
environment

All local stakeholders expressed concern about the quality and quantity of water
in the Mediterranean Sea Burullus segment and the quality of water which will
be discharged from the power plant. It was, however, acknowledged that there
are no significant aquatic ecosystems close to the power plant. The suggestion
was made that treated sanitary wastewater could be used for irrigation of
landscaped areas and treated industrial wastewater would be directed to the
water discharge system.

Air Quality

There was a big concern over the following issues:
compliance with air quality standards and the effect that noncompliance and subsequent plant closure could have on security of
employment in the area;
accumulated effects and the impact of the power project, even
though it is a non-degraded air shed area;
back-up light fuel oil is used in residential areas, but Burullus project
area, as identified in physical planning scheme for Kafr esh-Sheikh
Governorate Region, belongs to an development setting after the
plant construction and operation.

Ecology of the
Site

There was significant attention to keeping a landscape area inside the power
plant fence. Also, there was a considerable concern about the safe and healthy
background of the cultivated land south of the project site.

Shoreline &
Seabed
Morphology

Some parties expressed their fears of causing damaging effects due to
sedimentation and erosion processes associated with service & cooling water
abstraction and discharge.

Environmental
Compliance

An underlying concern expressed by all local stakeholders was compliance with
environmental regulations. Assurances from MDEPC are sought to the effect
that MDEPC will guarantee implementation of the environmental compliance
measures which will be stated in the Environmental and Social Management
Plan.
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providing opportunities for timely feedback;
identifying problems, needs and values;
minimizing misunderstandings about the scope and impacts of the project
and increase public confidence in the proposed development; and
contributing to an increased awareness and understanding of project
plans and activities.

9.3.4

Conclusions from Phase 1 Consultations
The main results of Phase I consultation was to successfully raise the level of
local awareness about the plant, to identify the immediate local concerns and
to seek stakeholder involvement in the implementation of the project.
The three issues of key concern to the stakeholders consulted were the
impact of the plant on the cultivated area to the South of the project site,
compliance with environmental standards, particularly with regard to air and
wastewater discharge quality and the potential economic impacts on the local
community. These concerns have been addressed within the ESIA process
and measures to ensure compliance are incorporated into the Environmental
and Social Management Plan (ESMP). The ESMP will be implemented by
MDEPC/BPP as a condition of compliance with the EEAA regulations and of
financing from the World Bank and other lending Banks.

9.4

PHASE II CONSULTATION AND DISCLOSURE
Phase II of the public consultation and disclosure process included the
disclosure of information about the project (advertisement, invitation including
a copy of the Non-Technical Summary (in Arabic) and public access to the
Draft Final ESIA Report) and organization of a public meeting.
The Draft Final ESIA report, together with the Non-Technical Summary in
Arabic, has been disclosed locally for 30 days at the offices of the MDEPC,
very close to the Talkha power plant, EEHC offices and at the offices of the
local AL-AMAR Consulting Group S.A. in Cairo.
In order to make people aware of the disclosure of the Draft Final ESIA
Report, an advertisement was placed in the national newspaper AlGomhoryyah in Arabic on ------------------ 2015. The advertisement also drew
readers attention to the date and venue of the proposed public meeting.
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------------------ 2015. The aim of the meeting was to present and explain the
results of the Draft Final ESIA Report to local stakeholders, to provide them
with the opportunity to raise any further or additional concerns and to ensure
that all issues are taken into account in the Final ESIA Report and
corresponding ESMP. Further concerns raised during Public Consultation
Meeting are summarized in Table 9-4 below.
Phase II Consultation and Disclosure activities and the Public Consultation
Meeting Report are reported in Volume IV.

9.5

ONGOING FACILITY FOR PUBLIC CONSULTATION AND DISCLOSURE
The World Bank and the many of the other lending Banks also require that
the consultation process is ongoing during the construction and operation
phases of the project. To this effect, MDEPC/BPP has stated its commitment
to maintaining long term and mutually beneficial open dialogue with local
authorities, industrial and commercial interests and local people, through its
Safety and Environment Officer during construction and Assistant Plant
Manager during operation. A key role of this post consultation will be to
ensure that local stakeholders have an opportunity to raise questions,
comments or concerns and that all issues raised are answered promptly and
accurately.
The site of the power plant is relatively remote from areas of dense
population, being situated in the area of the Burullus, an area designated for
power generation use. The nearest populations during the operational life
would be the residential colony of the power plant itself. It is not considered
necessary therefore, to recommend any further public consultation measures
over and above those committed to above.
Disclosure of information will also continue throughout project construction
and operation. The primary emphasis here will be to assure stakeholders that
the environmental mitigation, monitoring and management practices
established in the ESIA and its ESMP are being implemented and the
environmental standards and guidelines dictated by the Egyptian
government, the World Bank and other lending Banks are being met through
a comprehensive monitoring and reporting process. MDEPC/BPP is required
under Egyptian law, to maintain an Environment Register of written records
with respect to environmental impacts from the power plant. In addition, an
annual report containing technical data relating to the monitoring program will
be prepared by the MDEPC/BPP and submitted to the EEHC, EEAA, and any
of the other lending Banks.
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Table 9-4
Further Concerns Raised During ESIA Public Consultation Meeting
Key issue discussed

Comments

Service & Cooling
Water

Local Council’s representative raised the issue of algae suppression at the
intake structure using Sodium Hypochlorite.
There was a recommendation to the Engineering Consultant of the project
to review and check chlorine dosage system on the basis of local Egyptian
aquatic environment.

Air Quality

Impact of the western Benchmark C.C. Power Project (under construction)
(30 km to the west), in addition to Burullus C.C. power project on air quality
in the Burullus region.

Sea Water
Abstraction and
Discharge System

Concerns raised about the construction effects of the intake and discharge
structures.

Socio-economic
Impact of the Project

There was an emphasize on the necessity of hiring most of the plant
workers from the Burullus Region.

Complementary
Initiatives and
Project Benefits

There was a concern that the Project Company should consider enhancing
the project benefits through its social corporate responsibilities program.
Resulting from the community requests that local population, both men and
women, be considered for employment opportunities, the Power Company
shall ensure that the construction companies recruit local people willing and
able to participate in the implementation of the project. The Project
Company will conduct a local social dialogue with people residing around
the power plant for soliciting opinions on what they really need of social
services that the power plant could provide for them. Social and
recreational facilities for the staff of the Power Company shall be
accessible by the local people upon request.
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ABBREVIATIONS AND ACRONYMS

AADT

Annual Average Daily Traffic (based on full year counts)

ADT

Average Daily Traffic (based on less than a year counts)

BOD

Biochemical Oxygen Demand

BPIP

Building Profile Input Program

BPP

Burullus Power Plant

CAA

Competent Administrative Authority

CAPMAS

Central Agency for Public Mobilization and Statistics

CTG

Combustion Turbine Generator

COD

Chemical Oxygen Demand

CWDS

Circulating Water Discharge Structure

DCS

Distributed Control System

DHV

Design Hourly Volume

DO

Dissolved Oxygen

DS

Dissolved Solids

EAAQLs

Egyptian Ambient Air Quality Limits

EAP

Environmental Action Plan

EEA

Egyptian Electricity Authority

EEAA

Egyptian Environmental Affairs Agency

EEHC

Egyptian Electricity Holding Company

E2RC/TIMS

Energy & Environment Research Center, Tabbin Institute for Metallurgical
Studies

EETC

Egyptian Electricity Transmission Company

EGAS

Egyptian Natural Gas Holding Company

EGPC

Egyptian General Petroleum Corporation

EGSMA

Egyptian Geological Survey and Mining Authority

EHS

Environmental Health and Safety
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EIA

Environmental Impact Assessment

EIB

European Investment Bank

ENIT

Egyptian National Institute of Transport

ESIA

Environmental and Social Impact Assessment

ESMP

Environmental and Social Management Plan

EUPS

Egyptian Unified Power System

FHWA

Federal Highway Administration, (US)

GARBLT

General Authority for Roads, Bridges and Land Transport

GEP

Good Engineering Practice

GDP

Gross Domestic Product

GIS

Gas-Insulated Switchgear

HCM

Highway Capacity Manual

HGVs

Heavy Goods Vehicles

HRSG

Heat Recovery Steam Generator

IFC

International Finance Corporation

IMSF

Institute of Marine Sciences and Fishery

ISC-Prime

Industrial Source Complex/Plume Rise Model Enhancements

LFO

Light Fuel Oil

LOS

Level of Service

MDEPC

Mid Delta Electricity Production Company

MoERE

Ministry of Electricity & Renewable Energy

MSDSs

Material Safety Data Sheets

MWe

Mega-Watt electrical

NDEDC

North Delta Electricity Distribution Company

NFRA

National Fire Protection Authority

NO2

Nitrogen Dioxide

NOx

Nitrogen Oxides
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NRIAG

National Research Institute of Astronomy and Geophysics

OSHA

Occupational Safety and Health Administration

PCBs

Polychlorinated Biphenyls

PCDP

Public Consultation and Disclosure Plan

pcph

passenger car per hour

PCPHPL

Passenger car per hour per lane

PHF

Peak Hour Factor

PM10

(inhalable) Particulate Matter

RIGW

Research Institute for Ground Water

SO2

Sulfur Dioxide

SS

Suspended Solids

STG

Steam Turbine Generator

TDS

Total Dissolved Solids

TIS

Traffic Impact Study

TOC

Total Organic Carbon

TSP

Total Suspended Particulates

TSS

Total Suspended Solids

TWA

Time-Weighted Average

V/C

Volume to Capacity Ratio

vph

vehicle per hour

WB

World Bank
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