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EXECUTIVE SUMMARY 

WorleyParsons was requested by Tahrir Petrochemicals to conduct seawater intake/outfall modelling 

and pipeline route identification for the Tahrir Petrochemicals Complex project. The proposed Complex 

is located to the West of the Gulf of Suez, in the Economic Zone in Ain Sokhna, 33 km southwest of 

the city of Suez and is situated close to Suez-Hurghada Road from the East and Cairo-Sokhna Road 

from the South.  

The proposed Complex will use seawater as source of water for different purposes including but to 

limited to cooling. Seawater will be collected via an intake with an inflow rate of 14,259 m3/hr. A 

marine outfall will be used to release the desalination brine/reject with a design flow rate of 8,984 

m3/hr. The proposed desalination plant and the pump station are located at Sokhna 1 (McDermott) 

Port. 

Tahrir Petrochemicals Complex intake/outfall site have the following characteristics (Figure EX- 1-1): 

• There is an existing and proposed intake/outfall for the power plant to the south of the 

proposed Complex intake/outfall location; 

• DP World Sokhna Port in the south of the proposed Complex; and, 

• Sokhna 1 (McDermott) Port to be utilised as part of the proposed Complex is to the north of 

DP World Sokhna Port 

The main objectives of this study are to: 

• Investigate feasible locations for the siting of the proposed Tahrir Petrochemicals intake/outfall 

in the vicinity of Sokhna 1 (McDermott) Port and selecting the preferred option from 

environmental, technical and economic perspective; 

• Assess compliance of the selected Tahrir Petrochemicals outfall effluent discharge with 

environmental regulations; 

• Identify the most feasible pipeline route from the pump station to the location of the Tahrir 

Petrochemicals intake/outfall; and 

• Carry out the conceptual design of the preferred location of the intake/outfall. 
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Figure EX- 1-1: Proposed Tahrir Petrochemicals Intake/Outfall location 

Key findings of this study are: 

• Currents at the proposed project site are very mild, seldom reaching values higher than 

0.2 m/s and are predominantly to the North, and North West; 

• The construction of the new power plant intake/outfall structure prevents the advection of the 

thermal plume from the existing power plant intake/outfall northwards; 

• It was found that the Option 1 was the preferred location for the Tahrir Petrochemicals 

intake/outfall and therefore, it was investigated further in this report. The results for Option 1 

show the following: 

o It complies with the environmental criteria in terms of salinity and temperature; 

o It is more than 500 m away from the shoreline as per Egyptian regulations; 

o It presents no recirculation between the Tahrir Petrochemicals intake and outfall (even 

under the assumed worst case of southerly winds); 

o It presents no risks in terms of water recirculation between the existing and proposed 

new power plant intakes/outfalls, and the selected Tahrir Petrochemicals intake/outfall 

even under the assumed worst case of southerly winds; 
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o It does not have any detrimental effect on the existing and proposed new power plant 

intakes/outfalls, DP World Sokhna Port or Sokhna 1 (McDermott) Port (including 

navigation channel to the final dredged depths); 

o It is outside the environmental noncompliance area resulting from the existing and 

proposed new power plant thermal plume. 

• The selected Tahrir Petrochemicals intake/outfall has been found to cause minimal impact on 

surrounding environment and infrastructure, particularly if positioned at depths greater than 

6 m and distances greater than 750 m. 

• The onshore and offshore route for the pipeline was developed from the pump station to the 

intake/outfall; and 

• The pipeline route may possibly consist of an inter-tidal zone of approximately 70 m, which 

has to be verified during later stages of the project based on future site specific survey data. 

Additionally a number of recommendations during later stages of the project are proposed including 

but not limited to the following: 

• Perform a topographic and bathymetric survey covering the selected pipelines route to assess 

any potential obstacles that could compromise the feasibility of the proposed route; 

• Conduct geotechnical and geophysical surveys along the proposed pipeline routes to assess 

the feasibility of excavation for the pipeline installation and definition of best shore crossing 

methods; and 

• Conduct a detailed metocean survey covering winds, waves, currents and water quality at the 

selected Tahrir Petrochemicals outfall location to improve confidence in the numerical model 

results.  
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1. INTRODUCTION 

WorleyParsons was requested by Tahrir Petrochemicals to conduct seawater intake/outfall modelling 

and pipeline route identification for the Tahrir Petrochemicals Complex. The proposed Complex is 

located to the West of the Gulf of Suez (Figure  1-1), in the Economic Zone in Sokhna, 33 km 

southwest of city of Suez and is situated close to Suez-Hurghada Road from the East and Cairo-

Sokhna Road from the South. 

 

Figure  1-1 Project Location 

The proposed Complex is designed to produce approximately (in MT/hr) 180 of Ethylene, 

171 Polyethylene, 105 Propylene, 28.6 Butadiene, 40 Benzene, 9.5 Hexene-1 and 20.5 PGO/PFO. 

The project is expected to start commercial production in Q3 2019. 

The proposed Complex will use seawater as source of water for different purposes including but to 

limited to cooling. Seawater will be collected via an intake with an inflow rate of 14,259 m
3
/hr

1
. 

(3.96 m³/s). A marine outfall will be used to release the brine with a design flow rate of 8,984 m3/hr. 

(2.50 m³/s). Based on the Pre-FEED information, the proposed desalination plant and the pump 

station are located at Sokhna 1 (McDermott) Port Area. 

                                                      
1
 The seawater normal inflow rate is 12,275 m

3
/hr.; however the model has considered larger flow rate 

to accommodate any possible future increase in the intake flow rate. 
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1.1 Study Background 

WorleyParsons has conducted various modelling and conceptual design studies [WP(2013) and 

WP(2014a,2014b)] for the feasibility of the Tahrir Petrochemicals intake/outfall pipeline and structures, 

at locations north and south of the existing and proposed new power plants.  

For this study, a revised location for the intake/outfall (Figure  1-2), which is in the vicinity of the 

Sokhna 1 (McDermott) Port area was proposed as part of the Pre-FEED information. The revised 

location of the Tahrir Petrochemicals intake/outfall is approximately 4 km north of DP World Sokhna 

Port. 

Tahrir Petrochemicals commissioned WorleyParsons to investigate the feasibility of implementing the 

intake/outfall at the revised location within the Sokhna 1 (McDermott) Port area as well as investigating 

other two alternative locations for the intake/outfall. The information provided and utilized in this report 

are based on the Pre-FEED information and takes into account the previous studies conducted for the 

proposed project as earlier mentioned in this section. 

 

Figure  1-2: Proposed Tahrir Petrochemicals Intake/Outfall Locations 
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1.2 Study Objectives 

The main objectives of this study are to: 

• Investigate feasible locations for the siting of the proposed Tahrir Petrochemicals intake/outfall 

in the vicinity of Sokhna 1 (McDermott) Port and selecting the preferred option from 

environmental, technical and economic perspective; 

• Assess compliance of the selected Tahrir Petrochemicals outfall effluent discharge with the 

applicable relevant environmental regulations; 

• Identify the most feasible pipeline route from the pump station to the location of the selected 

Tahrir Petrochemicals intake/outfall; and 

• Carry out the conceptual design of the preferred location of the selected intake/outfall. 

1.3 Scope of Work 

The scope of work of this study is limited to: 

• Preparing a numerical model that incorporates the bathymetry of the site (including Sokhna 1 

(McDermott) Port and DP World Sokhna Port access channels), and the existing and 

proposed new power plant intakes/outfalls; 

• Performing hydrodynamic modelling for selected wind conditions to resolve the coastal 

circulation using available metocean information and WorleyParsons existing calibrated and 

validated model for the Red Sea; 

• Incorporating the selected Tahrir Petrochemicals intake/ outfall into the hydrodynamic model 

and perform effluent dispersion modelling for selected wind and tidal conditions; 

• Processing and analysing modelling results; 

• Assessing the optimal route on land and sea that connects the desalination plant to the 

intake/outfall locations. 

The scope of the present study does not include assessing the impact of the proposed intake/outfall 

operations on nearby infrastructure nor the seabed, if any.  
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1.4 Site selection for new Tahrir Petrochemicals intake and 
outfall  

Three possible locations were investigated for the intake and outfall (Figure  1-3). These locations were 

selected based on WorleyParsons extensive experience in the area, previous assignments conducted 

in the vicinity of the proposed Complex location as well as the Pre-FEED information. 

 

Figure  1-3: Location of possible intake and outfall in the Sokhna 1 (McDermott) port area 

 

Table  1-1 shows the relevant information for the three locations. It is worth mentioning that the results 

of different previous effluent dispersion modelling conducted by WorleyParsons in the Gulf of Suez 

area indicated that in order to minimize the impact of intake and outfall on the surrounding 

environment and infrastructure, the intake/outfall should be located at depths greater than -6 m and at 

a distance greater than 750 m from the coastline. 
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Table  1-1: Alternative Intake/Outfall Locations 

Description Long (° E) Lat (° N) 
Distance from the 

Shoreline (approx. m) 

Option 1 Intake 32.371500 29.671292 
2,000 

Option 1 Outfall 32.381919 29.672385 

Option 2 Intake 32.385000 29.657000 
3,000 

Option 2 Outfall 32.390000 29.660000 

Option 3 Intake 32.367000 29.675000 
750 

Option 3 Outfall 32.370000 29.676000 

 

From the identified three locations, Option 1 was selected as the preferred option. When compared to 

Option 1, it was found that: 

• Option 2: A location offshore of the proposed location (located approximately 3 km from 

shoreline) – the impact of the TPC intake and outfall on the surrounding environment is not 

expected to be significantly reduced, based on the small impact estimated at the proposed 

location. 

• Option 3: A location nearshore of the proposed location (located approximately 0.75 km from 

shoreline) – moving the intake to a location shallower than the proposed location will increase 

the impact to the surrounding environment and the risk of sediment intrusion. 

 

Based on this analysis, Option 1 for intake and outfall location is considered technically adequate. 

Selecting locations at deeper locations or to the north of Sokhna 1 (McDermott) Port would increase 

the pipe lengths to the proposed Tahrir Petrochemicals Complex compared to the selected location for 

this project, which is in fact the optimal based on pipe length and depth requirements. As for the 

environmental feasibility and compliance, it will be discussed in details in Section 4 and Section 5.  

1.5 Input Data 

 

Pre-FEED Data provided by EPC Contractors has been used to the maximum extent in the definition 

of the model inputs. In the case of inputs for which no information was available, estimations have 

been made based on information available from previous similar assignments and international 

references. Complete list of references utilized in the present study are presented in Section 9. 

The available data considered in this study includes: 

• C-Map data for the project site; Figure  1-4 shows the available C-Map bathymetry plot and 

corresponding water point data; 

• Wind records from Global Data Assimilation System (GDAS) model data covering the period 

January 2011 to December 2011; 

• Meteorological and bathymetric data for SUMED area; 
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• Location and flows of existing and proposed new intakes/outfalls, and proposed flows of the 

new TPC intakes/outfall. 

 

 

Figure  1-4: C-Map Bathymetry and Corresponding Water Point Data in the Domain 

The coordinates of the existing and proposed intakes/outfalls are presented in Table  1-2. The existing 

power plant intake consists of a trapezoidal-shaped channel approximately 600 m long while its outfall 

is a shore open channel.  

Details on the dimensions of the proposed power plant intake/outfall were not available during the 

execution of this study. For the purpose of this study these have been assumed to be the same as the 

existing power plant intakes/outfalls.  

Table  1-3 presents the flow rates and water quality characteristics of existing and new proposed power 

plant intakes/outfalls, and and Tahrir Petrochemicals Complex intake/outfall. 

  

Project Site Project Site 
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Figure  1-5: Proposed Pumpstation, and Existing and Proposed Power Plant Intake/Outfall 

Locations 

Table  1-2: Coordinates of Existing and Proposed Power Plant Intakes/Outfalls 

Description Long (° E) Lat (° N) 

Existing Power Plant Intake 32.356008 29.617519 

Existing Power Plant Outfall 32.356322 29.617981 

New Power Plant Intake 32.360000 29.623000 

New Power Plant Outfall 32.360000 29.622167 
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Table  1-3: Existing and Proposed Power Plant Intakes/Outfalls and TPC Intake/Outfall 

Characteristics 

Description 
Flow Rate 

(m
3
/s) 

Excess 

Temperature (°°°°C) 

Excess Salinity 

(PSU) 

Water depth 

(m CD) 

Existing Power Plant 

Intake
2
 

26 - 
- Shore intake 

Existing Power Plant 

Outfall
2
 

26 8 
- Shore discharge 

New Power Plant 

Intake
2 41 - 

- Shore intake 

New Power Plant 

Outfall
2
 

41 10 
- Shore discharge 

New TPC Intake
3
 3.96 - - -7.5 

New TPC Outfall
3 

2.50 3 2 -10.8 

1.6 Study Limitations  

A calibrated regional numerical model for the Red Sea was used in this study. The regional model has 

however not been calibrated with site specific data but rather available predicted water levels and in-

situ measurements, which are located elsewhere within the model domain – see Section 3.4.4 for 

details of the model calibration and validation. Additionally, available information for the study area has 

been utilized such as C-Map data (Section 1.5).. 

1.7 Assumptions 

The key assumptions of the study include: 

• The seabed and l and areas of the project have properties that allow the excavation of 

trenches for the implementation of the intake and outfall pipelines (i.e. no rocky substrate 

material); 

• The intake/outfall flow rates for the existing and proposed new power plant intakes/outfalls 

located to the south of the project site obtained from published sources are accurate; 

• The on-land route does not have obstacles impeding the implementation of the pipeline; and 

• The land proposed for the desalination plant and pump station is available. 

                                                      
2
 Data extracted from the presentation by Sayed A: Modeling of Thermal Effluents into Al-Ain Al-Sokhna Coastal 
Region by a Cooling System of New Power Plant, Suez Gulf, Egypt 

3
 According to Pre-FEED information. 
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2. LEGISLATION AND REGULATORY FRAMEWORK 

Relevant national (the Executive Regulation issued by Decree 1095 in the year 2011) and 

international standards (World Bank guidelines) are presented briefly in this section. As for the 

European Union relevant guidelines, Directive 2000/60/EC of the European Parliament and of the 

Council of 23 October 2000 stablishes a framework for Community action in the field of water policy. 

The directive stablishes that Member States should aim to achieve the objective of at least good water 

status by defining and implementing the necessary measures within integrated programmes of 

measures, taking into account existing Community requirements. The directive does not give values 

which define good water status; hence there are no reference values on water quality set by European 

legislation to be presented in this section. 

2.1 National Legislation 

The Executive Regulation issued by Decree 1095 in the year 2011 set the conditions below for the 

discharge of cooling water to the marine environment. 

• The cooling circuit shall be totally different from any other discharge process; 

• The rise of temperature shall not exceed 10 °C above the temperature of entering water, with 

a ceiling of 38 °C; 

• The cooling water is taken from same source into which it is discharged; 

• Oil and grease concentrations in the discharge shall not exceed 15 ppm. 

The legislation also states that in all cases it is not allowed to discharge to the marine environment 

except at a distance not less than 500 m from the shoreline. 

It is noteworthy that, while the allowed temperature increase caused by the discharge of cooling water 

to the marine environment is 10 °C in the national regulation, as mentioned above, the limit for 

discharge of liquids in general is only 5 °C. 

Drainage of liquid wastes is forbidden in bathing, fishing and natural protectorates’ zones. Fishing and 

natural protectorates’ zones are identified and monitored according to specific national laws.  It is 

worth noting that the proposed study area is neither considered as bathing, fishing nor natural 

protectorates zones. 

2.2 International Legislation 
 

The World Bank (1998) has set guideline values for liquid effluents; those values are presented in 

Table  2-1 and compared to national limits for a selected number of parameters. The Complex should 

comply with the more stringent values of the World Bank guideline and the Egyptian regulation.  
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Table  2-1:  National Limits, World Bank Guideline (1998) Values and Project Discharge 

Requirements 

Parameter Unit National Limit 
World Bank 
Guideline 

Discharge 
Requirement 

pH - 6-9 6-9 6-9 

Biological Oxygen 
Demand (BOD) 

mg/l 60 - ≤60 

Chromium mg/l 0.01 0.5 ≤0.01 

Copper mg/l 1 0.5 ≤0.5 

Iron mg/l 1.5 1 ≤1 

Zinc mg/l 1 1 ≤1 

Oil and Grease mg/l 15 10 ≤10 

Total Suspended 
Solids (TSS) 

mg/l - 50 ≤50 

Residual Chlorine 
(Total)

4
 

mg/l - 0.2 ≤0.2 

Temperature Increase
5
 °C 

≤5 at discharge 
point. Maximum 
ceiling of 38 ºC 

≤3 at edge of 
mixing zone 

Should not exceed 
3 ºC above the 

prevailing 
temperature. 

Maximum ceiling of 
38 ºC 

2.3 National & International Legislation Assessment 

The present study focuses mainly on seawater salinity and temperature. The corresponding National, 

World Bank (1998), and Project regulations that were considered in this chapter are presented in 

Table 2-2. 

Table  2-2: National limits, World Bank guideline values and project discharge requirements 

Parameter Unit National Limit 
World Bank 
Guideline 

Discharge 
Requirement 

Residual 
Chlorine (Total)

4
 

mg/l - 0.2 ≤0.2 

Temperature 
Increase

5
 

°C 
≤5 at discharge 
point. Maximum 
ceiling of 38 ºC 

≤3 at edge of 
mixing zone 

Should not exceed 3 ºC 
above the prevailing 

temperature. Maximum 
ceiling of 38 ºC 

                                                      

4
 “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 mg/l 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 mg/l). 

5
 The effluent should result in a temperature increase of no more than 3 °C at the edge of the zone where initial 

mixing and dilution take place. Where this zone is not defined, use 100 m from the point of discharge when there 

are no sensitive aquatic ecosystems within this distance (World Bank). 
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The salinity and total residual chlorine are different parameters; however, they are closely related. 

Further reading on the relationship of PSU to chlorine and conductivity can be found in the standard 

reference i.e. UNESCO (1981). The typical amount of chlorine present in seawater at 35 PSU (35,000 

mg/l) would range between 0.5 to 10 mg/l. For the present study, excess salinity (difference of the 

salinity due to the discharge to ambient water) of 2 PSU limit was introduced to limit chlorine disposal 

to less than 0.2 mg/l in the mixing zone. 

Excess Temperature (difference of temperature due to the discharge to ambient water) of no more 

than 3°C at the edge of mixing zone is permitted. A 100 m radius was assumed as mixing zone as per 

World Bank (1998) guidelines. 
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3. HYDRODYNAMIC MODELLING  

Hydrodynamic modelling for selected wind conditions has been performed to simulate the coastal 

circulation at the project site. This section presents an assessment of the currents at the project site 

and a description of the hydrodynamic modelling carried out in this study. 

3.1 Red Sea & Suez Gulf Characteristics  

The Red Sea is a semi enclosed basin which separates Africa from Arabia. The Red Sea connects to 

the Indian Ocean via the Straits of Bab el Mandeb and the Gulf of Aden, and extends approximately 

2000 km in the NW-SE direction. The Sinai Peninsula, the Gulf of Aqaba, and the Gulf of Suez 

(leading to the Suez Canal) are located to the north of the project site. The sea is underlain by the Red 

Sea Rift which is part of the Great Rift Valley. 

Water level variations are governed by the astronomical tide, especially in the northern and southern 

Red Sea. Meteorological forcing is also believed to be a major contributing factor to the sea level 

variations in the central part of the Red Sea.  

Tidal currents are noted as being predominantly weak in the Red Sea (UKHO, 2004). The 

predominant currents tend to set in the north-west or south-east direction, however with significant 

variation. Due to the weak tidal currents it is expected that wind and wave driven currents will govern 

current speeds in the shallow areas. 

The annual surface water temperature in the Suez Gulf site area varies between 16°C (recorded in 

February) to 30.4°C (recorded in August). The highest monthly average surface water temperatures 

are 27.1°C in July and 28.0°C in August. 

3.2 Description of MIKE 21/3 HD 

MIKE 21/3 HD is a modelling system for 2D and 3D free-surface flows (DHI, 20011a) applicable to the 

simulation of hydraulic and environmental phenomena in lakes, estuaries, bays, coastal areas, and 

seas. MIKE21/3 HD FM is a version of the flow model based on a finite volume numerical solution of 

the shallow water equations; this version been applied in this study.  In 2D mode, the model can be 

used to simulate a wide range of hydraulic and related items, including tidal exchange and currents, 

storm surges, heat transfer, wave induced currents, and sediment transport. In 3D mode, a wider 

range of phenomena can be simulated, including thermal and saline stratification and baroclinic flows. 

The principal information provided by MIKE21 HD FM includes water levels, depth-averaged currents, 

and exchange coefficients. Whilst the use of the 2D model leads to significantly shorter simulation 

times than the 3D model, a drawback lies in the assumption of the constant vertical structure of the 

flow, which can lead to an inaccurate description of the effects related to the buoyancy of hot water, 

which is under consideration in this study.  The constant vertical structure of the flow assumed in the 

regional model has minor implications to the overall results due to the following reasons: 
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• The model boundaries are sufficiently far from the site to have an influence on results; 

• The water temperature and salinity are not expected to vary considerably along the water 

column away from the site; 

• The outfall dispersion “footprint” extends within the domain of the local model only; 

• Water depths at the site are shallow; therefore, water column stratification is expected to be 

negligible. 

3.3 Methodology 

The modeling methodology adopted in this study is discussed below.  

3.3.1 Regional 2D Model 

• A regional model covering the whole Red Sea was set up via MIKE 21 HD 

• The model was forced with: 

- GDAS (Global Data Assimilation System) data set for wind and pressure. GDAS 

provides time varying wind and air pressure maps; 

- Predicted tidal levels at the Gulf of Aden (south entrance of the Red Sea) sourced 

from the global astronomical tide model FES’2004 (Le Provost, 1999); 

• Boundary conditions of the local 3D model were extracted at the required boundary locations. 

3.3.2 Local 3D Model 

• A local 3D model was setup to carry out brine dispersion modelling 

• The hydrodynamics for the local 3D model were forced with the boundary conditions from the 

regional model, and intake and outfall discharges. The worst case meteorological conditions 

for the advection and dispersion were also provided as input into the brine dispersion models 

used to quantify the potential water recirculation between existing and proposed new power 

plant intakes/outfalls and the proposed Tahrir Petrochemicals Complex intake/outfall; 

• The local 3D model was used to identify the feasible locations for the Tahrir Petrochemicals 

Complex intake and outfall and to perform the detailed intake/outfall modelling assessment for 

the selected location. 

3.4 Regional Model Setup 

This section provides an overview of the regional model setup. 

3.4.1 Model Description 

The model domain was selected to cover the entire Red Sea and the Gulf of Aden (Figure  3-1) to 

allow for the best possible prediction of water levels and currents at the project site. 
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Figure  3-1: Extent and Bathymetry of the Red Sea Model 

3.4.2 Bathymetry 

The coverage and bathymetry of the Red Sea model is depicted in Figure  3-1. The model mesh 

comprised of approximately 36,000 triangular elements of varying size, ranging from as large as 30 km 

in the Gulf of Aden near the open boundary to as small as a few hundred of metres in the proximity to 

the project site. The gridded bathymetry was derived from digital admiralty charts C-Map (DHI, 2011b) 

by linear interpolation of soundings, supplemented by in-house digitized Admiralty Chart “Ports in the 

Gulf of Suez” (UK Hydrographic office, www.ukho.gov.uk, 2012) and high-resolution survey data of the 

area in the proximity to the TPC site. 

3.4.3 Model Forcing 

The two-dimensional Red Sea model was forced with the combined action of astronomical tide, 

prescribed at the open boundary, and meteorological forcing.  
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W IND FORCING  

The GDAS data set was considered as meteorological forcing for the model for the calibration and 

validation stages. GDAS has a spatial resolution of 0.5°x0.5º and a temporal resolution of three hours, 

making it ideal for providing meteorological forcing to the hydrodynamic model of the Red Sea.   

WATER LEVELS AT OPEN BOUNDARY  

The model open boundary was located along the line crossing the Gulf of Aden from approximately 

(48°31'01.20"E, 11°19'04.80"N) to (47°51'03.60"E, 13°56'31.20"N), as indicated in Figure  3-1. 

Boundary conditions were derived from the global astronomical tide model FES’2004 (Le Provost, 

1999).  

3.4.4 Model Calibration and Validation 

The Red Sea model was calibrated and validated as described below: 

• The water level predictions assessed by the hydrodynamic model were initially compared to 

the C-Map tidal predictions (DHI, 2011b) at the tidal station of Aden to provide an initial 

confirmation of the boundary conditions sourced from the global astronomical tide model, FES 

2004, at the open boundary of the model; 

• The model coefficients were then tuned to obtain the best possible agreement in terms of tidal 

water level variations at several C-Map tidal stations including Shadwan Island (formerly 

known as Shaker Island) in the northern portion of the Red Sea, Jeddah in the central portion 

of the Red Sea and Al Mukha in the southern portion of the Red Sea; 

• The model predictions using the coefficients derived in the previous calibration exercises were 

compared to the in situ measurements available to WorleyParsons for other projects. 

Kindly refer to Appendix I for details of the model calibration and validation. 

3.5 Local 3D Model Setup 

This section provides an overview of the local 3D model setup. 

3.5.1 Model Description 

The extent and bathymetry of the local 3D model are shown in Figure 3-2, which also indicates the 

open model boundaries. The boundary conditions for the local 3D model were set as varying water 

levels, which were interpolated from the results of the regional model. The validation of the regional 

model is considered sufficient for the purpose of this study. A detailed view of the bathymetry in the 

vicinity of the project area is presented in Figure  3-3.   
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Figure  3-2: Extent and Bathymetry of the Local Model 

TPC Project 
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Figure  3-3: Detailed View of Bathymetry in the Vicinity of Project Area 

 

The mesh of the local 3D model (Figure  3-4) has 5,822 triangular elements with grid resolution varying 

up to 50 m in the vicinity of the proposed intake/outfall to approximately 500 m in the deeper extents of 

the model domain. The regional model has a resolution of 200-300 m and, therefore, the boundary 

conditions for the local 3D model were linearly interpolated to obtain a boundary condition at each of 

the elements of the local 3D model. The local 3D model domain was resolved by ten (10) equidistant 

layers in the vertical direction. 
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Figure  3-4: Bathymetry (with Mesh Elements) of the Local 3D Model 

Project 

site 
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3.5.2 Setup Parameters and Model Limitations 

The local 3D model considered the following setup formulations, parameters and limitations: 

• Ten (10) vertical equidistant layers; 

• 43,200 time steps were considered at time step interval of 60s (30-day period); 

• Density assumed as a function of water temperature and salinity; 

• k-ε (k-epsilon) turbulence model was used to describe mixing in vertical direction; 

• Smagorinsky formulation with a coefficient of 0.2 m
-1

 was used to describe diffusion in 

horizontal directions; 

• Wind shear stress was assumed to be a quadratic function of wind speed; 

• Seawater temperature and salinity at the boundaries were considered constant. The 3D 

model represents stratification and it is considered as part of the dispersion; however, due 

to the lack of in-situ water temperature measurements, the temperature at the beginning of 

the simulations assumed constant seawater temperature through the water column; 

• Ambient temperature and salinity were assumed to be constant at 26 °C and 40 PSU, 

respectively, which correspond to typical conditions. These values are based on mean 

annual climatology that could vary from 24-32°C for temperature and 38-44 PSU for salinity. 

Change in ambient salinity has negligible impacts on the results; 

• The impact of waves was not taken into account. Wave action increases mixing and 

normally helps to minimize recirculation between intakes and outfalls. Therefore, it is 

assumed that worst-case scenarios for recirculation will occur when there is no wave action; 

• Local 3D model simulations were run for a period of 30 days covering both neap and spring 

tides, which was assumed to be enough to reach a quasi-equilibrium state at the project 

site. 

3.5.3 Wind Conditions 

A typical/representative wind profile based on available hindcast wind data, GDAS, was selected for 

the north and winter winds. The Local 3D model was simulated for the following wind conditions: 

• Calm conditions (no wind): This case is important as very little dispersion would be expected 

due to the relatively weak tidal currents. Any excess temperature and salinity from the 

discharged effluent (brine) could potentially “build-up” and accumulate around the site. The 

boundary conditions from the regional model without meteorological forcing were considered 

during this simulation. 

• Spatially constant, wind time series predominantly from the North: This case is important 

as wind blowing from the North could push the discharged effluent (brine) from the proposed 

outfall towards the proposed intake, and towards the DP World Sokhna Port. This could 

potentially lead to recirculation of effluent (brine) and could also affect the environment and/or 

existing infrastructure (Figure  3-5).  
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Figure  3-5: Wind Speed and Direction used in the North Wind Simulations 

• Spatially constant, wind time series predominantly from the South: Wind time series data 

has been extracted from GDAS for the simulation period which is predominantly from South 

reaching a maximum speed of 7.5 m/s, as presented below (Figure  3-6). This case is important 

as wind blowing from the South could push the discharged effluent (brine) from the proposed 

outfall towards the planned Sokhna 1 (McDermott) Port. This could potentially lead to 

recirculation of effluent (brine) and could also affect the environment and/or existing 

infrastructure.  

 

 

Figure  3-6: Wind Speed and Direction used in the South Wind Simulations 
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3.6 Results 

Figure  3-7 shows the currents at the site during typical flood phase for the runs with tides alone. The 

results indicate that currents at the site are very mild.   

 

Figure  3-7: Current Patterns at the Project Site during typical Flood Phase for No Wind 

Conditions 

 

Figure 3-8 and Figure  3-9 show the statistical mean and maximum current speeds near the site for the 

one month simulation period for the no wind condition. The mean and maximum current speeds at the 

proposed outfall locations are 0.02 m/s and 0.04 m/s, respectively. 

Project site  
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Figure  3-8: Statistical Mean Current Speeds near Project Site 

 

 

 

 

 

Project site 
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Figure  3-9: Statistical Maximum Current Speeds near Project Site 

Project site 
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4. EFFLUENT DISPERSION MODELLING 

Effluent dispersion modelling has been carried out to assess the proposed TPC intake/outfall location 

in terms of environmental compliance and recirculation. 

4.1 Methodology  

Intake/outfall characteristics as presented in Section  1.4 were incorporated into the local 3D 

hydrodynamic model. The following scenarios were investigated: 

• Scenario 1 (Baseline): Existing and proposed new power plant intakes and outfalls under tidal 

currents only; 

• Scenario 2 (Baseline): Existing and proposed new power plant intakes and outfalls under tidal 

currents and N wind conditions; 

• Scenario 3 (Baseline): Existing and proposed new power plant intakes and outfalls under tidal 

currents and S wind conditions; 

• Scenario 4: Existing and proposed new power plant intakes and outfalls in addition to the 

selected intake and outfall under tidal currents only; 

• Scenario 5: Existing and proposed new power plant intakes and outfalls in addition to the 

selected intake and outfall under tidal currents and N wind conditions; 

• Scenario 6: Existing and proposed new power plant intakes and outfalls in addition to the 

selected intake and outfall under tidal currents and S wind conditions; and, 

• Scenario 7: Existing and proposed new power plant intakes and outfalls in addition to the 

selected intake and outfall (as multiple diffuser) under tidal currents and S wind conditions; 

The simulations were performed based on a single point diffuser to assess the worst case scenario 

with the exception of Scenario 7 which was selected as a multiport diffuser based on the worst case 

from Scenario 1 to 6. All simulations assumed discharge from the bottom for the selected outfall and 

surface discharge was considered for the existing and proposed new power plant outfalls.. 
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4.2 Baseline Scenarios:  
Existing and proposed power plant intakes and outfalls only 
Scenario 1 (No Wind), Scenario 2 (N wind) and Scenario 3 
(S Wind) 

Figure  4-1 to Figure  4-6 present the temperature dispersion plots for Scenario 1, Scenario 2 and 

scenario 3 respectively.  

The summary of the results are: 

• The existing intake and outfall show a small sign of recirculation in terms of temperature; 

• The size of the plume and the temperature increase indicate that the existing intake/outfall is 

not in accordance with environmental regulations. The increase in temperature from the 

effluent discharge from the existing power plant outfall is in excess of the 3°C, and there is 

recirculation of the effluent; 

• A maximum temperature of 34-36°C (Figure  4-1, Figure  4-3 and Figure 4-5) is noticed at the 

surface in the vicinity of existing outfall, while at the bottom it is in the range of 30-32°C 

(Figure 4-2, Figure  4-4 and Figure  4-6). The ambient temperature is 26°C; 

• Results indicate that N and S winds influence a slightly larger area to the south indicating that 

the wind influences the spreading of the plume. 

Salinity plots are not shown for the baseline scenarios as the existing intake/outfall consists only of 

heated effluent with no salinity increase compared to ambient water.
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Figure  4-1: Maximum Temperature Plume at Surface for Scenario 1 (Tidal Currents Only) 
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Figure  4-2: Maximum Temperature Plume at Sea bed for Scenario 1 (Tidal Currents Only) 
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Figure  4-3: Maximum Temperature Plume at Surface for Scenario 2 (Tidal Currents Only) 
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Figure  4-4: Maximum Temperature Plume at Sea bed for Scenario 2 (Tidal Currents Only) 
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Figure  4-5: Maximum Temperature Plume at Seabed for Scenario 3 (Tidal Currents Only) 
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Figure  4-6: Maximum Temperature Plume at Surface for Scenario 3 (Tidal Currents Only) 
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4.3 Existing and proposed power plant intake and outfall  plus 
new TPC intake and outfall 
Scenario 4 (No Wind), Scenario 5 (N wind) and Scenario 6 
(S Wind) 

 

Figure 4-7 to Figure  4-18 present the salinity and temperature dispersion plots including the selected 

intake/outfall. 

Figure 4-19 to Figure  4-21 shows the time series for water temperature and salinity at the intake and 

outfall for Scenario 4, Scenario 5 and Scenario 6, respectively. 

The summary of the results are: 

• The maximum salinity plots (Figure  4-7, Figure  4-11 and Figure  4-15) show that salinity at the 

bottom is in the range of 40.1-41.0 PSU, while its extent is reduced and concentration lowered 

to 40.1 PSU at the surface indicating that the increase compared to ambient is less than 1 

PSU at all depths; 

• The maximum temperature plots (Figure4-9, Figure 4-13 and Figure 4-17) show that 

temperature at the bottom is in the range of 26-28°C, while the temperature at the surface is 

27.5°C indicating that the increase compared to ambient is less than 2°C at all depths; 

• The new TPC outfall at this location has negligible impacts on the existing and proposed new 

power plant intakes in terms of salinity and temperature for the conditions simulated; 

• The selected outfall at this location has negligible impacts on the proposed site for the Sokhna 

1 (McDermott) Port in terms of salinity and temperature for the conditions simulated; 

• The plume from the selected intake/outfall does not reach the vicinity of the shoreline for any 

of the simulated conditions; 

• There is minimal recirculation of brine between the selected intake and outfall (<0.1 PSU). 
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Figure  4-7: Maximum Salinity Plume at Seabed for Scenario 4 (Tidal Currents Only) for Single 

Port Diffuser 
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Figure  4-8: Maximum Salinity Plume at Surface for Scenario 4 (Tidal Currents Only) for Single 

Port Diffuser 
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Figure  4-9: Maximum Temperature Plume at Seabed for Scenario 4 (Tidal Currents Only) for 

Single Port Diffuser 
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Figure  4-10: Maximum Temperature Plume at Surface for Scenario 4 (Tidal Currents Only) for 

Single Port Diffuser   
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Figure  4-11: Maximum Salinity Plume at Seabed for Scenario 5 (Tidal Currents and N Wind) for 

Single Port Diffuser   
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Figure  4-12: Maximum Salinity Plume at Surface for Scenario 5 (Tidal Currents and N Wind) for 

Single Port Diffuser   
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Figure  4-13: Maximum Temperature Plume at Seabed for Scenario 5 (Tidal Currents and 

N Wind) for Single Port Diffuser   
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Figure  4-14: Maximum Temperature Plume at Surface for Scenario 5 (Tidal Currents and 

N Wind) for Single Port Diffuser   
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Figure  4-15: Maximum Salinity Plume at Seabed for Scenario 6 (Tidal Currents and S Wind) for 

Single Port Diffuser   
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Figure  4-16: Maximum Salinity Plume at Surface for Scenario 6 (Tidal Currents and S Wind) for 

Single Port Diffuser   
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Figure  4-17: Maximum Temperature Plume at Seabed for Scenario 6 (Tidal Currents and 

S Wind) for Single Port Diffuser   
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Figure  4-18: Maximum Temperature Plume at Surface for Scenario 6 (Tidal Currents and 

S Wind) for Single Port Diffuser   
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Figure  4-19: Time Series of Water Temperature and Salinity at Surface above Intake and Outfall 

(No Wind) for Single Port Diffuser   
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Figure  4-20: Time Series of Water Temperature and Salinity at Surface above Intake and Outfall 

(N Wind) for Single Port Diffuser   
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Figure  4-21: Time Series of Water Temperature and Salinity at Surface above Intake and Outfall 

(S Wind) for Single Port Diffuser   
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4.4 Existing and proposed power plant intake and outfall plus 
new TPC intake and outfall with Multiport Diffusers 
Scenario 7 (Tidal Currents and S winds) 

This scenario defined the outfall system as multiport discharges (Figure  4-22) with a uniform distance 

between them. The discharge volume has been equally divided between the 5-points (i.e. 0.50 m
3
/s). 

 

Figure  4-22: Typical Arrangement of Multi- Port Diffuser in the Model 

The diffusers were proposed at the final 50 m of the outfall at 5 m intervals based on baseline 
simulations and previous experience with similar projects. Nevertheless, for the feasibility of model 
simulations, the diffusers were implemented every 10 m. Finer mesh had to be used in the model in 
order to keep diffusers at 5 m intervals and this would result in an increase in simulation time as well 
as model instability. Significant changes in results were not expected if the model was setup to keep 
diffusers at every 5 m. 

Figure  4-23 to Figure  4-26 present the salinity plume and temperature dispersion plots. 

The summary of the results are: 

• As the outfall was schematized as multiport diffusers, the temperature and salinity are better 

mixed in the column of water; 

• The selected outfall at this location has no impacts on the existing intake; 

• The temperature/salinity plume from the selected outfall has a north, north-easterly trajectory 

and has no impacts on the existing intake; 

• Results indicate that an outfall at this location with the intake to the south is feasible with no 

risks to the existing and proposed power plant intake/outfall; 

• A comparison with single diffuser indicates that multi-point discharge is slightly more efficient 

than single port diffuser. 
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Figure  4-23: Maximum Salinity Plume at Seabed for Multi-port Diffusers 
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Figure  4-24: Maximum Salinity Plume at Surface for Multi-port Diffusers 
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Figure  4-25: Maximum Temperature Plume at Seabed for Multi-port Diffusers 
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Figure  4-26: Maximum Temperature Plume at Surface for Multi-port Diffusers  
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Figure  4-27: Time Series of Water Temperature and Salinity at Surface above Intake and Outfall 

for Multi-port Diffusers 
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5. COMPARISON OF MODELLING RESULTS AGAINST 
APPLICABLE ENVIRONMENTAL CRITERIA  

This section presents the assessment of the effluent dispersion model results against environment 

regulations presented in Section  2.3.  

5.1 Excess Salinity Plots 

Figure 5-1 to Figure  5-6 presents the excess salinity plots at the seabed and surface under no wind, 

N wind and S wind conditions for the single and multiport diffusers. The purple circle around the 

selected outfall locations represents the 100 m radius of the World Bank regulations (WB) mixing 

zone. The results show that the selected location complies with the limit of the World Bank guidelines. 

It is worth noting here that there is no limit for salinity in the national regulation. 

 

Figure  5-1: Excess Salinity at Seabed (Left) and Surface (Right) for No Wind – Single Discharge 
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Figure  5-2: Excess Salinity at Seabed (Left) and Surface (Right) for N winds – Single Discharge 

 

Figure  5-3: Excess Salinity at Seabed (Left) and Surface (Right) for S winds – Single Discharge 
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Figure  5-4: Excess Salinity at Seabed (Left) and Surface (Right) for No Wind – Multiport Diffuser 

 

Figure  5-5: Excess Salinity at Seabed (Left) and Surface (Right) for N winds – Multiport Diffuser 
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Figure  5-6: Excess Salinity at Seabed (Left) and Surface (Right) for S winds – Multiport Diffuser 

5.2 Excess Temperature Plots 

 

Figure 5–7 to Figure  5-12 present the excess temperature plots at the seabed and surface under no 

wind, N wind and S wind conditions for the single port and multiport diffusers. The purple circle around 

the selected outfall locations represents the 100 m radius of the World Bank regulations (WB) mixing 

zone. The results show that the selected location complies with the limit of the national regulation and 

the more stringent World Bank guidelines. 
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Figure  5-7: Excess Temperature at Seabed (Left) and Surface (Right) for No Wind – Single 

Discharge 

 

 

Figure  5-8: Excess Temperature at Seabed (Left) and Surface (Right) for N winds – Single 

Discharge 
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Figure  5-9: Excess Temperature at Seabed (Left) and Surface (Right) for S winds – Single 

Discharge 
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Figure  5-10: Excess Temperature at Seabed (Left) and Surface (Right) for No Wind – Multiple 

Diffuser 

 

Figure  5-11: Excess Temperature at Seabed (Left) and Surface (Right) for N winds – Multiple 

Diffuser 
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Figure  5-12: Excess Temperature at Seabed (Left) and Surface (Right) for S winds – Multiple 

Diffuser 

5.3 Discussion 

 
The following conclusions were drawn based on the comparison between the modelling results and 
environmental criteria: 

• The selected intake/outfall meets the marine environmental criteria in terms of temperature 

and salinity under the simulated conditions and does not have any detrimental effect on the 

existing and proposed new power plant intakes/outfalls 

• There is no increasing trend in the temperature or salinity with time indicating that the effluent 

is well mixed in the water column without any accumulation over the simulation period 

• The selected intake/outfall is not expected to have detrimental effects on the Sokhna 1 

(McDermott) Port to the north, DP World Sokhna Port to the south of the project site 

• The selected outfall does not cause any recirculation of brine with the TPC intake or with the 

existing and proposed new power plants. 

 

Since there is no evident increase in salinity close to the intake due to the effluent discharge being 

adequately diluted to the ambient salinity levels, the temperature will be the factor used to assess 

recirculation patterns. 

The local 3D model automatically accounts for recirculation by constantly adjusting the outfall 

temperature (T) to be ∆T higher than the intake temperature at each time step. As discussed in 
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Section 3.5.2, the simulations have been performed with a constant ambient temperature of 26°C. 

This means that temperature build-up due to recirculation is simulated explicitly. The simulation results 

have been anaylsed to determine the recirculation of the thermal plume from the Complex outfall back 

to the Complex intake. The results Figure 4-7 to Figure 4-26 and Figure 5-1 to Figure 5-12 are used to 

assess the recirculation pattern between the Complex intake and outfall. These plots show that the 

temperature difference between intake and outfall does not increase by more than 0.5°C, which would 

indicates there is no significant temperature build up i.e. recirculation of heated effluent over the 

simulation period. Moreover, the outfall does not increase the ambient temperature of the 

surroundings by more than 3°C. 
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6. SELECTED INTAKE AND OUTFALL ROUTE IDENTIFICATION 

This section presents the proposed preliminary route for the onshore and offshore intake/outfall 

pipelines that was selected based on the Pre-FEED data. Should there be any changes/modification in 

the As-built design; the proposed route is to be updated accordingly..  

6.1 Upland Restrictions 

The route identification considered the following restrictions that were proposed by the Client: 

• The pipeline route should follow where possible existing roads; 

• The pipeline route should minimize roads, highways and fences crossings. 

6.2 Route Description 

The proposed route for the intake/outfall is presented in Figure  6-1 and consists of: 

• The pipelines leave the pumpstation to the shoreline; 

• The pipelines then extend into the ocean where the intake and outfall pipes diverge at a depth of 

approximately -2 m CD; 

• The outfall pipeline continues to the south east to a depth of -10.8 m CD; 

• The intake pipeline continues to the south-south east to a depth of -7.5 m CD; 

• The outfall pipeline length is 1 960 m 

• The intake pipeline length is 1 450 m. 
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Figure  6-1: Proposed Pipeline Route for selected Intake and Outfall 

 

Table  6-1: Coordinates of Pipeline Route Identification Points 

Point Long 

(° E) 

Lat 

(° N) 

A  (Pump Station) 32.361076 29.681355 

B 32.367500 29.681500 

C (Selected Intake)
 32.371500 29.671292 

D (Selected Outfall) 32.381919 29.672385 
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7. SUMMARY OF RESULTS AND RECOMMENDATIONS 

This section presents the summary of results presented in this study including a list of 

recommendations. It is worth mentioning that these results and recommendations are based on the 

Pre-FEED data. In case of changes/modification to the present data, an update of both the results and 

recommendations is required. 

The key findings of this study are as follows: 

• Currents at the site are very mild, seldom reaching values higher than 0.2 m/s and are 

predominantly to the North, and North West; 

• The construction of the new power plant intake/outfall structure prevents the advection of the 

thermal plume from the existing power plant intake/outfall northwards; 

• The selected intake/outfall modelling results showed that: 

o It complies with both the national and WB applicable environmental criteria in terms of 

salinity and temperature for the cases of single and multiple diffuser; 

o It is more than 500 m away from the shoreline as per Egyptian regulations; 

o It presents no recirculation between the selected intake and outfall (even under the 

assumed worst case of southerly winds); 

o It presents no risks in terms of water recirculation between the existing and proposed 

new power plant intakes/outfalls, and the selected intake/outfall (even under the 

assumed worst case of southerly winds); 

o It does not have any detrimental effect on the existing and proposed new power plant 

intakes/outfalls, the DP World Sokhna Port or the Sokhna 1 (McDermott) Port; 

o It is outside the environmental noncompliance area resulting from the existing and 

proposed new power plant thermal plume 

• The onshore and offshore route for the pipeline was developed; and 

• The pipeline route may possibly consist of an inter-tidal zone of ~70 m, which has to be 

verified during the later stages of the project with survey data. 

The following recommendations are proposed: 

• Present the selected intake/outfall and pipeline route to all stakeholders to confirm that the 

proposed location and route are feasible. The proposed pipeline route and desalination plant 

location will be refined as part of the next design phases;  

• Perform a topographic and bathymetric survey covering the pipelines route to assess any 

potential obstacles that could compromise the feasibility of the proposed route; 

• Conduct geotechnical and geophysical surveys along the proposed pipeline routes to assess 

the feasibility of excavation for the pipeline installation and definition of best shore crossing 

methods; and 
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• Conduct a detailed metocean survey covering winds, waves, currents and water quality at the 

selected outfall location to improve confidence in the numerical model results (Figure  7-1). 

This should be done using an Acoustic Doppler Current Profiler (ADCP) or similar, a 

meteorological station, and a CTD (Current, Temperature and Density) Profiler. The survey 

data will also support the establishment of more detailed design conditions. 

 

 

Figure  7-1: Proposed Metocean Measurement Locations  
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8. SUPPORTING INFORMATION FROM PREVIOUS STUDY 

This section presents concept design for different components of the intake/outfall supporting 

structures (e.g. mixing chamber). This design is based on the Pre-FEED data and to be updated 

according to the As-Built design in case of any modifications/changes. 

8.1 On-Land Water Mixing Chamber 

8.1.1 Introduction 

WorleyParsons scope of work includes investigating an on-land mixing chamber that could minimize 

either costs or detrimental effects to the environment. This section presents the analytical analyses 

performed to assess the feasibility of implementing an on-land mixing chamber at the project site. 

Figure  8-1 presents an example of a mixing chamber.  

The study considered the alternative: Desalination Plant effluent is mixed with seawater in a mixing 

chamber to dilute its salinity to the levels required by the environmental authorities before discharging 

to the sea.  

An option of using fresh water in a mixing chamber to dilute its salinity to the levels required by the 

environmental authorities is not considered since there are not known sources of fresh water at the 

project site. 

Mixing chambers normally use two different homogenized effluents before discharging into the sea 

and not very often mixing chambers are used to dilute water from one single effluent. The on-land 

mixing chamber is investigated in this study as per client request. 

 

Figure  8-1: Example of Mixing Chamber 
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8.1.2 Methodology  

The methodology followed by WorleyParsons to investigate the feasibility of implementing a mixing 

chamber is as follows: 

• The dilution required for Desalination Plant effluent mixed with sea water was assessed via 

analytical calculations 

• The required size of the mixing chambers is assessed based on required dilution 

8.1.3 Dilution Calculations 

The first step of the analysis is to evaluate the concentrations of desalination plant effluent in 

comparison to the effluent discharge to the ocean to meet the environmental criteria. The minimum 

dilution requirements depend on the effluent parameters, the ambient ocean water quality, and the 

water quality standards (i.e. environmental requirements). The dilution factor, S, was obtained for 

salinity values using the relation below: 

S = (Cd – Cs) / (CWQO – Cs)  

Where CWQO is the WQO concentration (regulatory requirement), Cs is the background concentration 

in the ambient water (i.e. concentration of the water that is discharged into the mixing chamber), Cd is 

the concentration in the effluent. 

The dilution factor for a mixing chamber using desalination plant effluent and seawater using the 

effluent and ambient water values described in Table 1-2 is as follows: 

• Desalination plant effluent with sea water requires a dilution of approximately 3. 

Dilution factors indicate that the mixing chamber needs to be supplied by a flow 3 times higher 

(approx. flow of 5.64 m
3
/s) than the effluent if using seawater and 1.04 times larger (approx. flow of 

1.955 m
3
/s) than the effluent if using fresh water. Using fresh water for the mixing chamber is, 

however, an unrealistic possibility that has been included for completeness of the report. 

8.1.4 Size of Mixing Chamber 

The mixing chamber that will fulfil the dilution requirements presented in previous section should have 

a volume of approximately 500 m
3
 which could be achieved with a mixing chamber having the 

following dimensions: 15 m long, 10 m width and 5 m tall. The mixing chamber would need to be 

optimized with wall overpass to ensure enough mixing is achieved before leaving the chamber. A 

sketch of the potential mixing chamber is presented in Figure  8-2.  
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Figure  8-2: Schematic Diagram of Mixing Chamber 

8.1.5 Feasibil ity of Mixing Chamber 

The results and analyses presented in previous sections indicate that mixing the desalination plant 

effluent seawater in a mixing chamber will reduce the salinity levels of the effluent. Mixing the effluent 

with three times the flow of seawater will result in levels within the environmental criteria. 

A mixing chamber, however, will require the installation of an additional intake to bring water to the 

chamber, which at present, appears not to be cost effective. 

The implementation of a mixing chamber is, therefore, not recommended for this project due to the 

following reasons: 

• Numerical modelling results indicate that a conventional intake and outfall subsea pipeline will 

meet the environmental regulations; 

• The mixing chamber will require an additional intake and/or additional requirements for the 

planned intake pipeline resulting in additional costs. 
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8.2 Intake and Outfall  Concept Design 

Figure  8-3 presents the concept design of the selected intake and outfall structures and its main 

components. These components are described in the next sections in the same order as the water 

flowing from the ocean to the plant and back to the ocean: 

• Intake structure 

• Subsea intake pipeline 

• Tidal zone intake pipeline 

• Intake pump station 

• Outfall land pipeline 

• Outfall tidal zone pipeline 

• Outfall subsea diffusers 

 

Figure  8-3: Intake and Outfall Concept 
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The selection of the technologies presented in the following section is based on: 

• Concept level analytical calculations; 

• Site conditions; 

• Published sources covering similar projects; 

• WorleyParsons experience in similar projects. 

The selected options will be further refined as part of the preliminary design phase. 

8.2.1 Intake structure 

A velocity cap intake structure (Figure  8-4) and a wedge wire intake structures (Figure  8-5) are 

considered feasible options for the proposed intake and outfall. 

The velocity cap intake structure consists of a cylindrical structure with cover that permits water flow to 

enter peripherally. The cap is designed to create horizontal flow path into the intake to protect fish and 

recommended velocity range from 0.15 to 0.45 m/s.  The cover converts the vertical flow into 

horizontal flow to reduce fish entrapment. The size of the lower chamber should be optimized to 

ensure that low intake velocities at the screens are achieved.  

The upper surface of the cap should be located well below the minimum water surface to minimize 

wave forces. The water depth of the intake structure should be below the depth limit for effect of 

breaking waves while the lower edge of the intake should be located at least 0.5 m above the seabed 

to minimize sediment intrusion.  

 

Figure  8-4: Example of Velocity Cap Seawater Intake 
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Wedge wire intakes or sometimes called passive screens slotted screens constructed of trapezoidal 

shaped “wedge wire”. The cylindrical screens have openings ranging from 0.5 to 10 mm and are 

oriented on a horizontal axis with screens sized to maintain a velocity normally less than 15 cm/s to 

minimize debris and marine life impingement. Passive screens are best suited for areas where an 

ambient cross flow is present. 

 

Figure  8-5: Example of Wedge wire Intake 

A velocity cap seawater intake was selected for the selected intake due to the following reasons: 

• The required intake flow rates are large and out of the normal range for wedge wire intakes. 

• Velocity cap intake is commonly used for large intake/outfall flows. 

• The intake is at a depth of 7.5 m which allows the implementation of a velocity cap intake. 

• Velocity cap intakes normally have a single intake structure while wedge wire intake normally 

consists of 2 or more intake structures. 

The concept design of the selected intake is presented in Figure  8-6. 

 

Figure  8-6: Concept of Seawater Intake Structure 
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8.2.2 Subsea Intake Pipeline 

For the calculation of the diameter of intake pipeline, following parameters have been considered: 

• Intake flow rate is considered as 3.96 m
3
/s 

• Velocity of intake pipeline is assumed as 1.5 m/s  

The assumed velocity of 1.5 m/s inside the pipeline is within the range of minimum (1.0m/s) and 

maximum (3.0m/s) velocity acceptable for a flow inside a pipe under pressure.  

These parameters results in internal diameter of the pipe as 1.8 m and considering HDPE pipe, the 

external diameter of the pipe is obtained as 2.0m.Thus, the intake subsea pipeline proposed at this 

stage as having a diameter of 2.0 m and made of HDPE. It is envisioned that the pipeline will be 

buried in the seabed by approximately 1 – 2 m and placed on top of a bedding layer and covered by 

PEA gravel as shown in Figure  8-7. This cross section applies from the intake structure to the surf 

zone. The trench for the pipeline assumes that the seabed is suitable to be excavated and slopes will 

be determined based on geotechnical properties. At present, a slope of 1 in 2 is proposed for the 

trench slopes.  

 

Figure  8-7: Concept of Seawater Subsea Intake Pipeline  

8.2.3 Inter-t idal Intake Pipeline 

A different cross section is proposed for the tidal zone where trenched slopes are normally difficult to 

maintain due to tidal currents and wave action. At the tidal zone a temporary vertical trench supported 

by temporary sheet pile is proposed as shown in Figure  8-8. The pipeline will be placed on a bedding 

layer made of granular material. A rip rap scour protection layer will be placed on top of the pea gravel 

to minimize erosion. 
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Figure  8-8: Concept of Intertidal Intake Pipeline – Surf and Intertidal Zone 

8.2.4 Pump Station 

As per the available information, the intake pump station design flow is around 3.96 m
3
/s. The 

following criteria/assumptions are considered for sizing the pumps and pump station:  

• A static head difference between pump and discharge point at treatment plant of 10 m is 

assumed 

• Friction head loss due to the land intake pipe is calculated using Colebrook White equation 

• Sump of the pumps will be directly below the pump station 

• Pump configuration is 4 working and 2 standby, which complies with N-2 reliability criteria 

• The power of each pump shall be approximately 120 KW based on WorleyParsons experience 

in similar projects in the region 

Based on the above information, at present the minimum area requirement for the pump station is 

around 500 m
2
, which includes pump basin, pumps and required equipment. It should be noted that 

the area provided will be properly assessed during the next design phases once the pump 

configuration is finalized. 

8.2.5 Onshore Intake and Outfall  Pipeline 

Following criteria/assumptions are considered for sizing the intake and outfall land pipelines.  

• Hydraulic calculations of head losses in the system are carried out using the Darcy-Weisbach 

equation as follows: 

H = k * L/D * v
2
/2g 
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Where:   

H = head loss   (m) 

k = friction coefficient  

L = length of pipeline  (m) 

D =diameter of pipe  (m) 

v = flow velocity    (m/s) 

g = gravity acceleration, 9.81  (m/s
2
) 

• For the analysis, HDPE pipe of SDR 17, PE100, PN 10 has been considered. It should be 

noted that internal pipe sizes is used for the analysis 

• Higher friction coefficient (0.06) is considered by allowing for friction loss due to marine growth 

inside the pipeline 

• Velocity of the flow inside the pipeline is considered to be 1.5 m/s 

• The lengths of pipelines for intake and outfall on land from pumping station until desalination 

plant are approximately 100 m for each of them. 

• Intake design flow is around 3.96 m
3
/s and brine discharge flow (outfall) is around 2.50 m

3
/s 

As presented in Section  8.2.2, the outside diameter of intake pipeline is 2.0 m. Similarly, considering 

outflow flow rate of 2.50 m
3
/s and 1.5 m/s of flow velocity, the internal diameter of outfall is estimated 

as 1.45 m, which results in external diameter of 1.6 m for HDPE pipes.   

A diameter of 2.0 m and 1.6 m for the intake and outfall pipelines, respectively, is presently proposed 

as this diameter has been used with similar flows in the region and has been further justified by 

conceptual level calculations considering flows, expected velocities and expected losses. Head loss 

due to friction of the pipe is around 0.36 m for land intake pipe and 0.45 m for land outfall pipe. These 

pipe diameters also apply for the subsea intake and outfall pipelines. The exact pipeline diameter and 

details should be refined as part of the next design phases. 

 

Figure  8-9: Cross Section of Standard Onshore Intake and Outfall Pipeline 
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8.2.6 Inter-Tidal Subsea Outfall  Pipeline 

The logic for the inter-tidal subsea outfall pipeline is very similar to the intake pipeline as shown in 

Figure  8-7. 

8.2.7 Outfall  Diffusers 

As early discussed in Section  4.4, the concept design proposed by WorleyParsons includes 

implementing a series of diffusers at 5 m centres for the last 50 m of the pipelines (10 diffusers) as 

shown in Figure  8-10 and the concept design drawings. According to general practice, initial dilution of 

20 - 30 times is considered to be sufficient and diffuser characteristics have to be designed 

accordingly.  

WorleyParsons performed calculations using empirical methods and results indicate that a dilution of 

20 to 50 times is expected at the diffuser locations depending on the final diffuser selected. The 

diffusers are tentatively proposed to include duckbill valves but different types of diffusers will be 

investigated as part of the next design phases. The orientation of the diffusers is presently proposed to 

be bi-directional to maximize near field dispersion considering that currents at the site are relatively 

mild. The advantages of using the outfall diffusers have been proved via numerical modelling. 

The dispersion distance and dilution at each diffuser has to be determined in the detailed design 

phase. The numerical models such as CORMIX or available analytical formula shall be applied to 

assess dispersion characteristics. 

 

 

Figure  8-10: Concept of Seawater Subsea Outfall Diffusers 
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Appendix I -  Regional Model Calibration & Validation  

 



   

TAHRIR PETROCHEMICALS COMPLEX, ECONOMIC ZONE, AIN SOKHNA, EGYPT 

INTAKE/OUTFALL MODELLING  

\\egcaiwpfil01v\projects\environment\project\455-ej6195 tahrir - naphtha cracker esia\22.2 workshare (dubai)\22.02 reports\rev 01_final\intake & 
outfall_rev 01_final.doc 
  455-EJ6195-00-EN-REP-003 Rev 1 : 13.01.2015 

The Red Sea model domain was selected to cover the whole Red Sea and a portion of the Gulf of 

Aden (Appendix Figure 1) to allow for the best possible prediction of water levels and currents at the 

project site.   

 

Appendix Figure 1: Extent and bathymetry of the Red Sea Model 

The model is calibrated in three different stages as described in the next sections: 

• The water level predictions assessed by the hydrodynamic model were initially compared to 

the C-Map tidal predictions (DHI, 2011b) at the tidal station of Aden to provide an initial 

confirmation of the boundary conditions sourced from the global astronomical tide model 

FES 2004 at the open boundary of the model 

• The model coefficients were then tuned to obtain the best possible agreement in terms of 

tidal water level variations at several C-Map tidal stations including Shadwan Island (formerly 

known as Shaker Island) in the northern portion of the Red Sea, Jeddah in the central 

portion of the Red Sea and Al Mukha in the southern portion of the Red Sea 

• The model predictions using the coefficients derived in the previous calibration exercises 

were compared to the in situ measurements available to WorleyParsons 



   

TAHRIR PETROCHEMICALS COMPLEX, ECONOMIC ZONE, AIN SOKHNA, EGYPT 

INTAKE/OUTFALL MODELLING  

\\egcaiwpfil01v\projects\environment\project\455-ej6195 tahrir - naphtha cracker esia\22.2 workshare (dubai)\22.02 reports\rev 01_final\intake & 
outfall_rev 01_final.doc 
  455-EJ6195-00-EN-REP-003 Rev 1 : 13.01.2015 

Model Comparison against Tidal Station Close to Model Open Boundary 

Water levels obtained from the hydrodynamic model were compared to predicted tidal levels at Aden 

(Appendix Figure 1) to verify the validity of the boundary conditions at the open boundary of the 

model.  Aden is located relatively close to the open boundary; therefore, the good agreement of the 

model with this tidal station (Appendix Figure 2) confirms the validity of the boundary conditions 

applied at the models open boundary. 

 

Appendix Figure 2: Comparison of Modelled Water Levels and C-Map Predictions at Aden, 

UTC Time 

Calibration of Red Sea Model  

The second stage of the model calibration consisted of trying to represent as accurately as possible 

the C-Map tidal water level predictions at several locations within the Red Sea including Shaker 

Island in the northern part of the Red Sea, Jeddah in the central part of the Red Sea and Al Mukha in 

the southern part of the Red Sea. 

The following tasks were performed aimed at obtaining the best matching between C-Map tidal 

stations and the model predictions: 

• Calibration of bottom shear stress in shallow areas (particularly straights of Bab El Mandab 

Strait).  

• Calibration of the magnitudes of constituents in the tidal potential. This involved adjusting the 

magnitudes of 11 major tidal constituents in the tidal potential formulation in MIKE21 

software (DHI, 2008). The tidal harmonics at the open boundary that resulted in the best 

agreement between C-Map and the model predictions are presented in Appendix-Table 1. 

Appendix-Table 1: Calibrated Harmonics at the Open Boundary in Tidal Potential Formulation. 

Harmonic Period, day Amplitude, m Earthtide 

M2 12.4206012 0.575217 0.693 

O1 25.8193417 0.23858543 0.695 

S2 12 0.267845459 0.693 

K2 11.9672348 0.072880664 0.693 
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Harmonic Period, day Amplitude, m Earthtide 

N2 12.6583482 0.110132785 0.693 

K1 23.9344696 0.336026289 0.736 

P1 24.0658902 0.111189061 0.706 

Q1 26.8683566 0.045707076 0.695 

MF 13.660791 0.099081054 0.693 

MM 27.554553 0.052282097 0.693 

SSA 182.6211 0.04615807 0.693 

A few examples of comparisons between the Red Sea model results and C-Map prediction at 

several tidal stations are depicted in Appendix Figure 3, Appendix Figure 4, and Appendix Figure 5. 

Locations of these stations are indicated in Appendix Figure 1.  The C-Map and model predictions 

agree relatively well, and main differences are mainly attributed to the lack of accurate SA and SSA 

tidal constituents, which can only be accurately resolved from long term water level measurements 

(i.e. SSA and SA require, 6 months and one year continuous measurements, respectively). 

 

Appendix Figure 3: Comparison of Astronomical-Tide Red Sea Model with C-Map Prediction 

of Tide at Shaker IS Station (Northern Red Sea) 

 

Appendix Figure 4: Comparison of Astronomical-Tide Red Sea Model with C-Map Prediction 

of Tide at Jeddah 
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Appendix Figure 5: Comparison of Astronomical-Tide Red Sea Model with C-Map Prediction 

of Tide at Al Mukha (South of the Red Sea) 

Model Calibration and Validation against In-situ Measurements 

The model was also calibrated in terms of wind friction coefficients using wind and pressure maps to 

achieve the best agreement with the measured water levels recorded by FUGRO (FUGRO 2008) 

and WorleyParsons 2011. The relation between wind friction τ  and wind speed W  was obtained 

based on an iterative process considering the wind speed and friction relations recommended in the 

MIKE 21 software manual. The best results were obtained with the following relation: 

( )








>

≤<⋅

≤

⋅=

m/s 25       W0.007275,+.00363750

m/s 25W7        ,7)/18-(W0.007275+.00363750

m/s 7       W.0036375,0
2

Wτ  

Modelled water levels and currents were also compared with the water levels derived from the 

(WorleyParsons, 2011) offshore and nearshore ADCP measurements. Appendix Figure 6 shows the 

model results and the in-situ measurements are in relatively good agreement indicating that the 

model is able to predict water levels at the Jeddah site in KSA reasonably well. 

 

Appendix Figure 6: Comparison of Measured and Modelled Water Levels at OS1 

WorleyParsons ADCP Location (period 1st Nov 2011 to 27 Dec 2011) 
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Appendix II -  Local 3D Model Setup  
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Appendix III -  Concept Design Drawings  

 

 




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DRAWING LIST

Existing Intake/Outfall
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Ø1600 OUTFALL PIPE

Ø2000 INTAKE PIPE
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