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Glossary of Terms and Abbreviations 
AA Abu Alanda 

AAWDC Aqaba-Amman Water Desalination and Conveyance 

AAWDCP Aqaba-Amman Water Desalination and Conveyance Project 

ADC Aqaba Development Corporation 

ADC Aqaba Development Corporation  

AoI Area of Influence 

approx Approximately  

ASEZA Aqaba Special Economic Zone Authority 

AW Aqaba Water Company 

AWDR Aqaba Water Distribution Reservoir 

BOT Build-Operate-Transfer 

BPS Booster Pump Station 

BPT Break Pressure Tank 

Cabinet Council of Ministers  

CAPEX Capital Expenditure 

CIP Cleaning-in-Place 

CIP clean-in-place 

CO Carbon Monoxide 

DAF Dissolved Air Flotation 

DBPs disinfection by-products  

DI Ductile iron 

DMF Dual Media Filtration 

DOA Department of Antiquities 

DOLA Department of Lands & Survey 

DOS Department of Statistics  

E&S Environmental and Social  

EAs Environmental Assessments 

EBCT empty bed contact time 

EDCO Electricity Distribution Company 

EDTA Ethylenediaminetetraacetic acid 

EIB European Investment Bank 

EMARCU Environment Monitoring and Research Central Unit  

ERC Environmental Research Centre  
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ERDs Energy Recovery Devices  

ERI Economic Resilience Initiative 

ESIA Environmental and Social Impact Assessment  

ESMP Environmental and Social Management Plan  

ESS Environmental and Social Standard 

EU European Union 

FRP Fibre-reinforced plastic 

GHG’s greenhouse gases  

GMF Glass MicroFiber 

GPS Global Positioning System 

GRP Glass Reinforced Plastic 

GRP Glass Reinforced Plastic 

H&S Health and Safety  

HDPE High Density Polyethylene 

HPPs High-Pressure Pumps 

IBA Important Birds Area 

IEEs Initial Environmental Examinations 

ILO International Labour Organization  

INDC Intended Nationally Determined Contribution  

IPS Intake Pumping Station 

IUCN International Union for Conservation of Nature 

JD Jordanian Dinar 

JMA Jordan Maritime Authority  

JEPCO Jordanian Electric Power Company 

JPMC Jordan Phosphate Mines Company 

JVA Jordan Valley Authority  

KBA Key Biodiversity Area 

Km Kilometre 

LCA Life Cycle Assessment  

m3/h Cubic meters per hour 

MCM Million Cubic Meters 

MCM/y million cubic meters per year  

MF Microfiltration 

mg/L milligrams per liter 

mm millimeter 

MoA Ministry of Agriculture  
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MoEnv Ministry of Environment  

MoLA Ministry of Local Administration 

MoM Minutes of Meeting 

MPWH Ministry of Public Works and Housing 

MSS Marine Science Station  

MWI Ministry of Water and Irrigation 

NO2 Nitrogen Dioxide 

O&M Operation and Maintenance 

O3 Ozone 

OD Outside Diameter 

OPEX Operational Expenditure 

PAI Project Area of Influence  

PAP Project Affected Person 

PM10 Particulate Matter (diameter < 10 microns) 

PS Pumping Station 

PSs Pumping Stations 

PVC polyvinyl chloride  

PX pressure exchange  

QAIA Queen Alia International Airport  

Res. Reservoir  

RFP Request for proposal 

RGT Regulating Tank 

RO Reverse Osmosis 

ROW Right of Way 

LARPF Land Acquisition and Resettlement Policy-Framework 

RSCN Royal Society for the Conservation of Nature  

RSDS Red Sea Dead Sea  

RSS Royal Scientific Society  

RTMS Real‐Time Monitoring System  

SBS sodium bisulphite 

SEP Stakeholder Engagement Plan 

SLS surfactant  

SLS Sodium Lauryl Sulfate  

SMBS Sodium Meta Bisulphite 

SO2 Sulphur Dioxide 

SSC Social Security Corporation 
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SWRO Sea Water Reverse Osmosis 

TA Technical Assistance (Referring to the team working on this project as part of a WYG-
Led consortium under the ERI-ITA multi-facility contract) 

TDS Total Dissolved Solids 

THMs Trihalomethane 

ToR Terms of Reference 

TTMP Traffic and Transport Management Plan 

UAE United Arab Emirates 

UF Ultrafiltration 

UNFCCC United Nations Framework Convention on Climate Change  

USAID United States Agency for International Development 

WAJ Water Authority of Jordan 

WWTP Wastewater Treatment Plant 

μm micrometers  
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1. Introduction 
1.1. Project Background 
Jordan has limited surface and groundwater resources, which are significantly less than the international 
threshold of 500 cm per capita, which is considered "absolute scarcity” [1]. As a result, the only remaining 
option that can provide an entirely in-country and Jordan-controlled new water supply source is the desalination 
of Red Sea seawater. 

The Ministry of Water and Irrigation (MWI), on 26th February 2020, announced the launch of the Aqaba-
Amman Water Desalination and Conveyance National Project (AAWDC), describing it as “the largest water 
generation scheme to be implemented in the history of the Kingdom”. This came during a consultation 
workshop organised by the USAID to launch the Project’s first phase. In accordance with the relevant water 
strategy and projections, the Project will generate 300 MCM/year of drinking water after commissioning. The 
Project will be implemented through a build-operate-transfer (BOT) scheme. 

The Aqaba-Amman Water Desalination and Conveyance (AAWDC) Project aims at reducing the deficit in the 
country’s crucial water resources by providing a safe and reliable freshwater supply for Amman and other 
governorates in Jordan and areas along the Project pipeline route by developing a water supply infrastructure 
entirely within Jordan’s boundaries and control starting from the Southern Red Sea coast in Aqaba at the 
industrial zone and ending in the capital city of Amman. 

In outline, the AAWDC Project concept involves the development of desalination and water conveyance 
infrastructure comprising the following technical components: 

• Offshore seawater intake system and on-shore Intake Pump Station (IPS); 
• Seawater Pipeline from IPS to the SWRO Desalination Plant; 
• SWRO Desalination Plant; 
• Brine pipeline from the SWRO Desalination Plant to the IPS and offshore brine outfall system; and 
• Pump Stations, Regulating Tanks and Conveyance Pipeline from the SWRO Desalination Plant to 

Amman. 

1.2. Purpose and Need for the Project 
Jordan is classified as being a semi-arid to arid region with annual rainfall of less than 200mm over 92% of the 
land. According to the “2016-2025 National Water Strategy of the Ministry of Water and Irrigation of Jordan”, 
Jordan has one of the lowest levels of water availability per capita in the world (about 123 m3/capita/year) that 
is anticipated to decline even more during the next few years (projections for 90 m3/capita/year by 2025). 

Existing water resources in Jordan cannot sustain the increasing water demand. During the last few decades, 
the Jordanian Government has invested billions of dollars to utilise all available conventional and 
nonconventional water resources and technologies to bridge the gap between water supply and demand which 
is, evidently, widening with time. 

The unfolding of the Syrian refugee crisis since 2011 has created real emergency conditions, especially in 
Northern Jordan. Water demand has jumped by additional 21% across Jordan and 40% in the Northern 
Governorates. Therefore, the provision of water and sanitation services has become lately a serious challenge 
and a significant axis of Jordan’s water and wastewater management planning. 

Despite Jordan's severe water scarcity, more than 97% of Jordanians have access to improved water sources 
in urban areas and 91% in rural areas; whereas sewerage and wastewater treatment services cover 58% of 
the population. 

In this context, the AAWDC Project as launched by the Ministry of Water and Irrigation (MWI) is aligned with 
the objectives and targets of the National Water Strategy 2016-2025 and will drastically contribute to the 
reduction of water scarcity facing the country through the provision of a reliable and sustainable non-
conventional source of drinking water. 
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Section Contents 

4. Project Alternatives Presents the alternatives considered for the Project and the various 
advantages and disadvantages of each leading to selection of the 
preferred alternative 

5. Methods Defines the Project area of influence, presents the methods used to 
collect data on the physical, biological, and socioeconomic 
conditions within this area and describes the methodology used for 
impact assessment 

6. Environmental and 
Social Baseline  

Presents all relevant information collected on environmental and 
social conditions within the Project area of influence thus setting the 
current baseline conditions 

7. Stakeholder 
Engagement  

Describes all stakeholder engagement activities conducted to date 
regarding the Project and the main findings of these activities 

8. Impact Assessment 
and Mitigation 

Describes the anticipated positive and negative environmental and 
social impacts likely to result from the Project and the proposed 
mitigation measures 

9. Environmental and 
Social Management 
Plan (ESMP) 

Presents the Project ESMP that has been annexed as a stand-alone 
document to this report. 

10. Annexes All related annexes 
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Figure 2-1: Overall Location of AAWDC Project 

The following sections provide a more detailed description of the location of each technical component of the 
Project. 

 Intake System 

The proposed intake system will include the intake towers, the submerged intake pipelines, the IPS and the 
seawater conveyance pipeline from the IPS to the SWRO Desalination Plant. The proposed location for the 
IPS is located approx. 18 km south of Aqaba City, within the Aqaba Industrial Zone by the Red Sea and 
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Figure 2-7: Access Road within the Proposed RO Desalination Plant Site  

(West boundary of the Proposed SWRO Site) 

 
Figure 2-8: High-power Transmission Lines within the SWRO Desalination Plant Site  

(Southwest boundary of the site) 
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Figure 2-10: Location of different facilities along the Proposed AAWD Conveyance Pipeline  
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necessary inlet velocity limitations (nominally 0.15m/s where practicable). For a suitable 13m long by 5.5m 
wide intake tower structure, preliminary deign calculations showed that incorporating six (6) No. 4.5m wide by 
2.8m high intake opening screens, can be appropriate in relation to achieving required “through bar” velocity 
limits by incorporating a screen arrangement with nominally 75mm openings. The bars/screen arrangements 
at the entrance openings for each of the intake towers can be fabricated using GRP bars arranged on frame 
arrangements that can be secured/bolted to the concrete tower structure. In this respect, the GRP screen 
frames can be considered removable/replaceable if/when maintenance or cleaning is required.  

Based on the preliminary design, each intake pipeline will connect to the relevant intake tower below the sea 
bed level. In order to facilitate pigging of the intake lines (if/where this may be necessary), the intake pipeline 
will be required to continue running through the intake tower structure with an exit spur furnished with a blanked 
flange on the offshore side of the tower. At each intake tower, the inlet flow into the intake pipe connection is 
proposed to take the form of 3 No. Typ DN2300 openings (equipped with suitable flanges). During normal 
operation the 3 No. Type DN2300 inlet openings inside the intake tower will remain open whilst the blank 
flange at the end of the spur on the main intake pipe will remain closed/blanked. The requirement to access 
“inside” the intake tower to effect opening and closure of the flanges at the 3 No. Type DN2300 diameter inlet 
openings will necessitate a requirement to provide suitable diver access inside the tower. This may be provided 
in the form of a hatch/access cover in the roof slab of the tower or by temporarily removing one of the screen 
frames to allow diver access. 

Based on relevant preliminary design calculations, the intake arrangement will comprise four (4) No. DN2300 
intake pipelines, which are expected to be consistent with the desired maximum and minimum velocities, i.e., 
(a) in normal operation, with 4 No. pipes operating, velocities correspond to 0.9m/s and 1.7m/s for 50% and 
100% flow capacities respectively, and (b) in maintenance case, with 3 No. pipes operating, velocities 
correspond to 1.1m/s and 2.3m/s for 50% and 100% flow capacities respectively. 

2.2.1.1.2. Brine outfall pipeline and diffusers 

Concept diffuser configurations were developed using near-field modelling methods. It is considered, however, 
that a “far-field” model study (considering the wider dispersion of the diluted plume by successive tides, drift 
currents and wind effects etc) will be needed and required by the regulatory authorities for final Project 
environmental permitting. As such, it is considered that a “far-field” modelling study will be required at the 
detailed design stage of the Project. The far field dispersion modelling may be enhanced at the detailed 
design/execution stage of the project by incorporating wider bathymetry survey data and currents data for use 
in model “calibration”. 

Based on the preliminary design, the outfall configuration will comprise (two) 2 No. DN2300 outfall pipelines, 
which is consistent with the maximum and minimum velocities required i.e.., velocities correspond to 1.0m/s 
and 2.1m/s for 50% and 100% flow capacities respectively, considering also maintaining a pipe size common 
with that of the intake and also to have a potentially wider selection of possible suppliers to this effect. 

Based on the near-field modelling, the outfall will be designed to comprise a diffusers’ section. The concept 
design for the diffusers was based on a nominal diffuser port exit velocity of approx. 6.4 m/s. For a 100% 
operating capacity, there will be two pipelines in operation each terminating in a diffuser arrangement, around 
86m long, and each discharging nominally around half the total reject brine flow. The two 86 m long diffuser 
sections are perpendicular to the shore and arranged staggered – one further offshore than the other – such 
that the total combined diffuser length with both pipelines in operation will be just under 200 m. However, 
taking into account the outfall diffuser conceptual design and performance, it is considered preferential that, in 
the situation that the plant is in operation at a capacity up to and including 50% capacity, only one outfall 
pipeline will remain in operation. This can help ensure improved levels of dilution/near-field mixing when the 
plant is operating at a reduced capacity. Based on the preliminary design calculations, each diffuser section 
will indicatively consist of 8 sets of twin-port risers (or twin-riser pairs) of nominal diameter of 300 mm, which 
will be equally-spaced along the 86 m long diffuser section. The first riser will be located in around 25 m water 
depth. Consideration will be given so that the diffuser risers/ports be shrouded with a protective cowl to guard 
against being snagged by nets/cables etc from unauthorised vessels that may encroach into the diffuser area. 
Moreover, the diffuser area can be determined to be a restricted area and marked with buoys to be an 
exclusion area.  
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2.2.1.2. Onshore Facilities  

2.2.1.2.1. Intake Pumping Station  

The intake pumping and screening systems will be designed to deliver sufficient raw seawater to the RO 
Desalination Plant to allow continuous operation. The raw seawater pumping, and screening system will 
comprise bar screens, traveling screens with wash pumps, intake seawater pumps, and biofouling control. 

a. Screening System 

Screens will be of a robust design and proven for use in seawater intakes. They will automatically remove 
debris to protect downstream equipment from damage and to prevent the entrainment of large solids. Screen 
mesh sizing will be selected to ensure sufficient removal of marine debris to protect the plant while preventing 
blinding of the screens. 

b. Intake Pumping System (IPS) 

Seawater pumps will be designed to deliver sufficient raw seawater to the RO Desalination Plant even with 
one unit out of service. They will be capable of stable operation over the expected range of desalinated water 
production from 150 MCM/y to 300 MCM/y and expected sea level conditions. 

There will be suitable provision for ease of operation, maintenance, and cleaning of the intake pipelines from 
the intake towers to IPS, including the provision for a chlorination system and a pig-launching and receiving 
system. A chlorination system will be only provided unless manual cleaning by divers and/or mechanical 
cleaning through pigging are not technically feasible. The pig receiving station will be installed at the RO 
Desalination Plant for the pigging of the intake pipelines connecting the IPS to the Desalination Plant site. 

Annex 3 shows the site layout configuration related to the IPS as provided by the Project design team. 

2.2.1.2.2. Sea water and brine conveyance pipelines from the IPS to the SWRO desalination plant and 
from the SWRO desalination plant to the brine outfall system 

According to the preliminary design, there will be two (2) seawater pipelines from the IPS to the RO 
Desalination Plant of 2,700 mm OD each, which will be placed on the same trench of an average depth of 5 
m. A width of approx. 10 m will be required for the installation of said seawater pipelines. Annex 4 illustrates 
the plan and profile of the seawater conveyance pipelines. In addition, there will be one (1) brine conveyance 
pipeline from the RO Desalination Plant to the IPS of 2,700 mm OD, which will be placed on the same trench 
as the seawater pipelines of an average depth of 5 m. A width of approx. 5 m is required for the brine pipeline. 
Annex 5 illustrates the plan and profile of the brine conveyance pipeline. 

A 40 m right of way (ROW) is foreseen for the installation of both seawater and brine pipelines. However, this 
will need to be further verified during the detailed design. Should there be traffic restrictions within the industrial 
area, consideration will be given so that every pipe is installed in a single trench, which will need only 5 m 
width, so that a 25 m road corridor is maintained. 

2.2.1.2.3. SWRO Desalination Plant 

The AAWDC Project will be implemented in one phase and will provide 300 MCM/year of potable water to 
Amman, Aqaba, and other cities along the pipeline route from a new reverse osmosis desalination plant located 
at the new industrial area of Aqaba to address the current water supply gap. 

The selected treatment process will achieve the treated water quality goals for the Project while operating at 
the maximum production capacity. The design will ensure that the drinking water as well as brine discharge 
quality requirements set forth in the ESIA, ESMP and any other applicable permits, and the other performance 
guarantees for the AAWDC Project are maintained at all times. 

Desalinated and remineralized finished water will be pumped to the delivery points and turn-outs via the 
conveyance system while the brine and certain liquid residuals from the Desalination Plant will be discharged 
into the Gulf of Aqaba to the Red Sea as dictated by the permits. 
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Design Flows  

The SWRO desalination plant will be designed to produce 300 MCM/year of treated water in one phase. The 
system will be designed to achieve 97% availability and an overall plant recovery efficiency to product water 
ranging from 42% to 45%. 

Treatment Process 

The key water treatment process steps consist of seawater pre-treatment, single pass RO, water post-
treatment stabilization, and finally product water disinfection to provide a disinfectant residual in the distribution 
system. The overall treatment plant recovery will achieve a minimum 42% recovery. The SWRO plant will also 
include an on-site Solids Treatment System for the processing of process waste effluent streams (i.e., filters 
backwash effluents, neutralized effluents from the cleaning of membranes (CIPs), and post-treatment 
backwash effluents). Neutralized organic membrane cleaning waste will be conveyed to onsite evaporation 
ponds. Generated wastewater of domestic origin will be conveyed to an on-site Wastewater Treatment 
System. Annex 6 shows a flow diagram of the entire treatment process.  

Based on the preliminary design report for the desalination plant dated September 2021, the RO Desalination 
Plant is divided into two identical halves each with 150 MCM/y capacity, one located at the north side of the 
platform and the other at the south side. Both plants are independent, but the process train is the same for 
both including pre-treatment, RO treatment, post-treatment and treated water pumping to the Treated Water 
Storage. The Chemical Storage Building,the Solids Treatment Plant and the domestic Wastewater Treatment 
System are common for both plants. 

Pre-treatment System 

The Pre-treatment System will ensure that the raw water quality that is supplied to the SWRO will not result in 
damage or abnormally high fouling or scaling to the SWRO membranes and will allow sustained operation 
between clean-in-place (CIP) events of the RO membranes. The Pre-treatment System will include various 
necessary components, some of which are mandatory, as described below. A Raw Water quality monitoring 
system at IPS and upstream of the pre-treatment at the RO Desalination Plant will be also included in the 
system. 

1. Coagulation and Flocculation 

The treatment process will consider the addition of a coagulant, and coagulant aid, if deemed necessary, 
based on the selection of downstream processes. In the case where coagulant is used, the concentration of 
the metal coagulant in the discharge to the outfall shall comply with all pertinent regulations. If necessary to 
improve filter performance, acid addition to adjust the coagulation pH may be used. To guarantee the 
generation of appropriately sized floc, adding a coagulation, and/or flocculation chambers, upstream of the 
GMF or UF system may be considered. 

2. Clarification System 

Based on the expected raw water quality, the use of a clarification system based on either flotation or 
sedimentation principles may be included. It may be possible to bypass the clarification system during specific 
raw water quality periods. 

3. Automatic Strainers 

The feed water to the filtration system will pass through automatic strainers if the selected pre-treatment 
consists of a polymeric UF membrane filtration system. If the filtration consists of one or more stages of 
granular media filtration system or a ceramic UF membrane system, automatic strainers are not required. 

The strainers will automatically backwash based upon a timer or differential pressure reading to remove 
accumulated solids from the screening element. To protect the UF membranes from debris and macroparticles 
in the feed water that could cause damage and/or excessive fouling of the UF membranes, strainers with a 
maximum screen size of 150 micrometers (μm) will be provided upstream of the membrane skids. 

4. Filtration 

The pre-treatment process will include a filtration system to provide high-quality feed water to the SWRO 
system. The Filtration System may consider either one-stage or two-stage GMF, a combination of media 
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filtration and UF membrane filtration, or UF membrane filtration. Microfiltration (MF) may also be used in lieu 
of UF. The selected filtration system shall consistently meet the required total suspended solids (TSS) and 
SDI15 limits for filtered water to ensure stable performance of the RO System.  

4.1 Granular Media Filtration System 

If a GMF system is selected, either gravity or pressurized, the system will be designed to achieve the AAWDCP 
performance guarantees. GMF filters will be of the deep bed multimedia (anthracite over sand) type, with a 
graded gravel support layer. 

Provisions for backwash by air scouring, followed by simultaneous application of air and low-rate water, and 
finally by a high-rate water rinse, will be considered. Also, provision for filter-to-waste will be provided. 

The following design characteristics are provided for the granular media filters (GMFs) based on the 
preliminary design. It is noted that the BOT Developer will be free to select its filtration system meeting the set 
performance guarantees for the AAWDCP. 

Multimedia filter: The AAWDCP GMF system included in the preliminary design is composed of 96 filter units 
divided into two identical plants each of three process lines (or trains) and three backwash systems (i.e., one 
dedicated backwash system per filter train). Each process line has been designed to achieve a surface loading 
rate of approximately 11 metres per hour (m/h) with one filter out of service for backwashing (n-1 configuration). 
A common feed water channel distributes water evenly across a train of individual filters. Once the water has 
passed through the filter media, it flows to a filtered water tank that provides flow equalization upstream of the 
RO process. The filter media is composed of a top layer of anthracite, a bottom layer of filter sand, and two 
supporting layers of garnet gravel. The actual number of filters and design criteria utilized should be expected 
to vary based on the detailed design of the BOT developers. 

Filtered water equalization: Filtered water from the filters of each plant flows by gravity to the corresponding 
filtered water tank. This tank provides flow equalization upstream of the RO system and is designed to provide 
13 minutes of retention time at design inlet flow of 37, 076 m3/h. The net volume of the equalization tanks is 
8,000 m3. 

GMF backwash system: The filters are assumed to be backwashed using RO brine sourced from the brine 
backwash tank and air from a low-pressure blower system of the corresponding plant.  Each filter train contains 
dedicated backwash pumps while the duty and standby blowers are common for all three filter trains for each 
plant. The backwash procedure involves first draining down the filter until the water level is approximately 100–
150 mm above the surface of the filter media. This will occur by closing the filter inlet and maintaining the 
filtered water outlet control valve at the final registered position prior to initiating the backwash. The estimated 
drain down duration is 30 minutes. Once the desired water level has been achieved, air scouring, combined 
air scouring and low rate backwashing (1,125 m3/h) followed by high rate backwashing (5,250 m3/h) will 
sequentially occur. One duty air scour blowers will be used along with a standby one. The design capacity for 
each blower is 4,125 Nm3/h. The estimated total backwash duration is 54 minutes (including drain down, low-
rate and high-rate backwash and refill). It is noted that backwashing with brine is used in several SWRO 
desalination plants, but it has the disadvantage of causing an osmotic shock to the biofiltration on Dual Media 
Filters (DMF). Instead, seawater filtrate can be used for this purpose. The BOT developers will be allowed to 
select brine or filtered seawater for filters’ backwashing purposes in their detailed design. 

GMF filter-to-waste: Once the high-rate water wash step of the backwash is complete, the filter is placed back 
into service. Initially, the filter inlet will open with the filter outlet control valve closed to allow the filter level to 
increase up to the desired operating water level. Once the desired operating level is reached, the filter outlet 
control valve will slowly open with the filter-to-waste isolation valve open and filtered water to filtered water 
tank isolation valve closed. While the filter is ripening, low-quality filtered water will be sent to the outfall via 
the brine reservoir rather than the RO system. The flow rate of the filter–to-waste is assumed to be 788 m3/h. 
Initially, the filtered water will primarily be made up of RO brine remaining in the filter at the conclusion of the 
backwash. Once the desired filter-to-waste duration timer has expired (approx. 30 minutes), the filtered water 
will be redirected to the filtered water tank. 

4.2 Ultrafiltration (UF) System 

If a UF or MF system is selected, the system will be designed to achieve the AAWDCP performance 
guarantees. UF backwash water source can be either filtered water or RO brine. If brine backwash is selected, 
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the process will also include the provision to perform backwashing using filtrate water during episodes where 
there is a significant increase in the organics content of the raw water. 

Membrane modules will be assembled in racks of equal capacity. Each rack will be capable of independent 
operation throughout its process sequences upon initiation. 

The effluents generated during the cleaning-in-place of the UF membranes will be first neutralised and then 
sent to the on-site solids treatment system for further processing before discharged to the brine chamber for 
outfall disposal. 

5. Cartridge Filters 

The feed water to the SWRO system will pass through cartridge filters unless a UF system pre-treatment is 
selected and directly coupled with the RO system, without an intermediate break tank. 

Based on the preliminary design report for the desalination plant dated September 2021, the following design 
characteristics are provided for the cartridge filters. 

RO Feed Water Cartridge Filtration: Five-micron cartridge filters are located upstream of the RO system of 
each plant to remove particulates that may have been introduced into the water after GMF or by biological 
activity in the filtered water tank. The cartridge filters of each plant are divided into two process lines: one 
dedicated to the HPP feed water pumps and one dedicated to the ERD feed water pumps. Each set of cartridge 
filters is designed to maintain the desired loading rate with one unit out of service (total of 36 cartridge filters, 
18 per plant, 9 per process line). For both lines, the number of filter elements per vessel is 433 each having a 
length of 178 cm. The design capacity of the HPP and ERD process lines are 17,288 m3/h and 19,788 m3/h 
respectively with one unit offline. 

6. Periodic Pre-treatment System Disinfection  
6.1 Periodic Disinfection 

The Pre-treatment System will include processes to prevent the build-up of biological organisms and biofilms 
in the raw water pipeline(s) and pre-treatment system. Periodic disinfection will be provided at the intake tower, 
screening, and IPS, as well as at the pre-treatment processes located downstream of the IPS. Based on the 
preliminary design report for the desalination plant dated September 2021, intermittent chlorination will be 
used upstream of the RO system which is anticipated to result in lower biofouling rates and less chlorine 
consumption than continuous chlorination. 

In the preliminary design, intermittent shock chlorination in the RO feed water pipelines at the RO Plant for 7 
hours every 15 days is sought for fouling control. Whereas for the protection of the RO membranes, de-
chlorination with sodium bisulphite is also sought. A dedicated gas chlorinator is included in the design for this 
dosing point along with the sodium bisulphite dosing for de-chlorination. Two chlorine gas carrier water pumps 
will be used along with one standby pump at two dosing points of the plant feed. 

If chlorine gas is selected, all chlorine buildings will have chlorine gas detectors, automatic shutdown system 
to isolate storage drums, and chlorine gas scrubber(s).  

Considering the length of the intake pipelines from the IPS to the SWRO plant (of approx. 3 km) and the fact 
that that shock chlorination only slows down and does not eliminate the growth of macrofouling, the cleaning 
of the intake pipelines will require mechanical means (pigging and/or manual cleaning) to ensure operation at 
the set plant availability. Continuous chlorination may also be employed to reduce the required frequency of 
mechanical cleaning.  

6.2 Intake System Macrofouling Strategy 

The intake pipelines from the sea to the onshore (IPS) will have a macrofouling strategy to ensure sufficient 
seawater supply that subsequently ensures the RO Desalination Plant availability. The intake pipelines from 
the intake towers to the IPS are anticipated to be relative short at less than 200 m and it should be possible to 
maintain hydraulic intake capacity in these short length pipelines by the use of diver cleaning or by the use of 
mechanical pigging without the use of chlorine. 

Further, there will be two large diameter (2.7 m) pipelines from the IPS to the RO Desalination Plant, at a 
distance of approx. 3km. If these pipes can be mechanically pigged, then chlorine dosing should not be needed 
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for intake fouling control. However, if mechanical pigging is not technically feasible, the pipe fouling control 
strategy will require the intake pipes to be manually cleaned, and the use of shock or continuous chlorination 
will likely be essential to reduce the frequency of manual pipe cleaning requirements, with the note that shock 
chlorination only slows down and does not eliminate the growth of macrofouling.   

6.3 Residual Chlorine Neutralization 

The treatment process will include the addition of sodium bisulphite (SBS) injection point(s) to neutralize any 
residual chlorine in the pipeline upstream of the SWRO system. At no time should there be any free chlorine 
in: 

• the feed to the SWRO membranes to avoid any irreparable oxidation damage of the membranes; or 
• the RO brine stream at the outfall monitoring point. 

Ultimately, the macrofouling strategy and the need for feed water chlorination at pre-treatment will be left free 
to the BOT Developer’s detailed design.  

However, considering that: 

• Residual chlorine itself can be eliminated from the brine at the RO Desalination Plant using de-
chlorination chemicals such as Sodium Bisulphite (SBS);  

• The use of chlorine generates carcinogenic by-products THMs, which cannot be eliminated from the 
brine through neutralisation and would end up discharged into the marine environment with the RO 
brine; and 

• The special and very sensitive nature of the marine environment of the AAWDC Project 

the use of chlorine for macrofouling control and RO pre-treatment shall be avoided unless there is not other 
technical alternative. 

7. Antiscalant and Acid/Base Chemical Injection 

The process may include antiscalant addition upstream of the SWRO system to provide optimum operating 
conditions and avoid scale deposition on the SWRO membranes. If an antiscalant is required to be used, 
nitrogen - free antiscalants must be selected for the RO process. The nitrogen-free antiscalants must also be 
biodegradable for more rapid decomposition in the sea. 

If required, sulfuric acid or caustic soda may be used for pH adjustment. 

Seawater Reverse Osmosis System 

The SWRO system will be designed with a maximum recovery of 47% to produce the required total permeate 
production while meeting the contractual Desalinated Water quality goals over the specified range of feedwater 
TDS and temperature. 

Based on the preliminary design report for the desalination plant dated September 2021, the following design 
characteristics are provided for the SWRO system. 

RO and ERD Feed Water Transfer Pumps: The RO feed water pumping system of each plant is divided into 
two pump groups: one dedicated to supplying the High-Pressure Pumps (HPPs) and one for the Energy 
Recovery Devices (ERDs). This arrangement allows for improved control flexibility and reduced energy 
consumption overall, as the ERD system requires less suction pressure than the HPP. Both pumping systems 
are divided into 9 pumps and one standby pump (total of 40 pumps, 20 pumps per plant, 10 pumps per 
HPP/ERD system). Under normal operation the design capacity is 1,921 m3/h and 2,199 m3/h for the HPP and 
ERD feed pump respectively. Both pump groups are connected to the filtered water tank through a dedicated 
suction header for each plant. 

RO Membrane Skids: The purpose of the RO system is to remove dissolved constituents of concern for 
potable water consumption, including sodium, chloride, sulphate, bromide, boron, and other constituents with 
elevated levels in seawater. The AAWDCP RO system is composed of 18 RO skids per plant (total of 36 RO 
skids), each plant is divided into three trains of six skids. Each individual RO skid has a dedicated HPP and is 
designed to operate with a maximum recovery rate of 47%. The overall RO system is designed to maintain 
nominal permeate production with one skid offline for clean-in-place (CIP) or maintenance. 
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Based on the preliminary design, aconventional packaged activated sludge WWTP will be provided including 
the following process treatment steps: 

• Pretreatment; 
• Aeration; 
• Sedimentation; 
• Disinfection. 

The description of the different process treatment steps is presented below. 

Pretreatment 

The pretreatment step involves the settlement of a portion of the suspended solids and the reduction of the 
suspended organic matter load. 

Aeration 

The aeration step allows for the degradation of organic matter and nutrients present in the wastewater using 
biomass. Excess biomass (sludge) will be digested aerobically in the aeration reactor itself obtaining stabilized 
sludge. 

The aeration treatment step will include the following equipment: 

• Aeration system, which supplies air through fine bubble diffusers from air blowers, oxygenating the 
biomass for oxidation of the organic matter; 

• Recirculation system, which allows the recirculation of the secondary settled sludge from the 
secondary clarifier to the aeration reactor. 

• Sludge wasting system, which allows to extract the excess biomass from the aeration reactor or from 
the secondary clarifier. 

Nutrient Removal 

If the BOT Developers select to treat the wastewater and send the treated wastewater effluent to the RO Plant 
brine outfall for final disposal, a nutrient removal process shall be designed and installed in order to meet the 
ESIA nitrogen and phosphorus limits.  

Secondary clarifier 

The clarification step consists of the flocculation and sedimentation of the biomass from the aeration reactor. 
The clarified supernatant from the secondary clarifier will be gravitationally conveyed to the disinfection basin.  

Disinfection 

The disinfection step consists of a process of chlorination of the effluent in a chlorine contactor tank in order 
to inhibit the growth of microbial activity.  

Ancillary Facilities 

The WWTP treated effluent will be stored in a treated wastewater tank with sufficient capacity to contain the 
water for approximately 2 days of treatment.  

In addition, the treatment plant will operate in fully automatic mode. The BOT Developer will provide and 
operate a SCADA monitoring system developed by an experienced operator for controlling each treatment 
process step status and treated effluent quality.  

Sludge Storage 

Excess biomass (sludge) will be thickened and stored in a separate tank for final disposal.  

The maximum stabilized thickened sludge production will be around 2 - 3 m3/month, which will be stored in a 
separate tank for final disposal. The sludge quality shall comply with JS1145:2016. 

Sludge Disposal 
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Figure 2-12: Aqaba reservoir 2 at SWRO plant site 

 

2.2.1.2.5. General Layout of SWRO Desalination Plant 

Based on the preliminary design, the RO desalination plant and its complementary infrastructure will be 
constructed on multiple graded areas (i.e., platforms). This platform configuration has been defined to optimize 
the available space for the desalination plant and its complementary infrastructure, due to the topographic 
complexity, existing wadis, and existing infrastructure of the available site.  

More specifically, based on the preliminary design report for the desalination plant dated September 2021, the 
desalination plant will be constructed on Platform 2, which is the largest of three platforms and is bounded by 
a highway on its western boundary. The treated water reservoir and the treated water pump station (BPS1) 
will be constructed on Platform 1, which is the smallest of the three platforms and is bounded by a highway on 
its eastern boundary. The evaporation ponds and electrical substation will be constructed on Platform 3, which 
is on the south side of Platform 1 on the other side of Wadi 4 and is bounded by a highway on its south 
boundary There is a 38 m elevation difference between Platforms 1 and 2: Platform 2 is located at an elevation 
of +75 - +80 m.a.s.l. , Platform 1 is located at an elevation of +115 m.a.s.l. and Platform 3 is located at an 
elevation of +70 m.a.s.l. Annex 7 presents the general layout of the RO desalination plant and its related 
facilities, based on the preliminary design report. 

The BOT Developer will be free to optimise the arrangement of the RO Desalination Plant process facilities 
within the available land plot by considering the associated physical and geotechnical constraints. 

 Water Conveyance Component 

The alignment of the conveyance pipeline was selected based on the alignment provided by MWI, minimizing 
the total length of the pipeline, resulting in minimal disruption to agricultural areas and providing accessibility 
for construction and maintenance. The water conveyance comprises the following technical components: 
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Figure 2-13: Booster Pump Station 2 

 
Figure 2-14: Booster Pump Station 3 

















 
 
Economic Resilience Initiative  
– Infrastructure Technical Assistance 
 
 

[ESIA Study – Task 1.15 Report]     Tetra Tech, [05th April 2022] | 45 

 
Figure 2-24: Schematic Profile of the AAWDC Project components  
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Desalinaton Plant EDCO 235.2 202.8 980.3 
1) Based on 300 MCM/y desalinated water production and average seawater quality conditions.  

 Schedule of Works 

The BOT scheme execution is expected to take place at the end of 2021 and last for six years, until the end 
of 2027. This will include two years for tendering, negotiation, and financial close in addition to four years for 
the construction activities.  

Milestone Tagreted Date 

RFP distribution to qualified bidders Q4 2021 

Bid preparation by bidders Q2 2022 

Bid evaluation and selection Q3 2022 

Negotiation with preferred bidders Q4 2022 

Financial close Q2 2023 

Construction commencement Q2 2023 

Operation  Q2 2027 
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3. Legal and Administrative Framework  
3.1. Authorities and Institutions 

 Water Sector Management and Planning  

The main institution that takes responsibility for water administration in Jordan is the Ministry of Water and 
Irrigation (MWI) and it is the AAWDC Project Promoter.  

The Ministry of Water and Irrigation (MWI) is responsible for the overall national leadership on policy, 
strategic direction and planning. Under Bylaw No. 14 of 2014, MWI assumes full responsibility for water and 
public sewage and all related projects in the Kingdom. MWI aims to upgrade, develop and regulate the water 
sector and enhance the quality of water services. MWI's mandate is mainly to: develop sectorial policies and 
strategies; endorse plans and programs related to water resources protection; implement international 
agreements; develop laws, bylaws, regulations and normative and technical standards; develop private sector 
partnerships; supervise the implementation of strategic plans and programs; and follow up on the performance 
of the water companies and utilities. 

Under the umbrella of MWI, the Water Authority of Jordan (WAJ) is responsible for the operational 
management of the water sector, which includes bulk water supply and retail distribution where 
commercialization of distribution services has not occurred. WAJ is mandated for all operational functions of 
the water sector including management of water and wastewater services; regulation of construction and 
quality of service provision projects, operations and maintenance; monitoring of all levels of sector services; 
and supervision of the water utilities and water companies. WAJ recommends water service cost changes and 
capital projects, but the Government of Jordan through the Council of Ministers (Cabinet) has the ultimate 
regulatory authority, especially for setting tariffs. 

Miyahuna is a government‐owned (WAJ) utility company that operates through commercial entities to provide 
retail distribution and other functions such as water and wastewater treatment in Greater Amman as well as 
Balqa, Zarqa and Madaba with several hundred thousand of customers. Miyahuna ensures that operations 
follow Jordanian regulatory requirements.  

 Government Departments and Institutions  

The Ministry of Environment (MoEnv) has a mission to maintain and improve the quality of Jordan’s 
environment, conserve natural resources and contribute to sustainable development through effective policies, 
legislations strategies, monitoring and by mainstreaming environmental concepts into all national development 
plans. The MoEnv includes many technical divisions among which are the land use, environmental impact 
assessment, water quality and air quality monitoring divisions. The environmental monitoring department of 
the MoEnv is responsible for water resources quality monitoring. Water quality analysis is subcontracted to the 
Environment Monitoring and Research Central Unit (EMARCU) of the Royal Scientific Society (RSS). The 
responsibility of EMARCU is to collect and make available water quality data from a Real‐Time Monitoring 
System (RTMS) and from national water testing Laboratories located at WAJ, JVA, and the Environmental 
Research Centre (ERC). The MoEnv has implemented a monitoring program to monitor and assess the quality 
of water in different water resources in the Kingdom and in cooperation with the RSS through “The National 
Project for Monitoring Water Quality in Jordan”. The project monitors the quality of water at different locations 
across the Kingdom. 

The Ministry of Local Administration (MoLA) contributes to the achievement of local governance that 
enhances the independence of municipalities and enables them to carry out their duties within the concepts of 
integrity and good governance. MoLA supports, guides, and assists the municipalities and other local 
governance institutions through providing technical support, programs and projects that enhance local 
governance. 

The Aqaba Special Economic Zone Authority (ASEZA) is a separate governance entity, sitting within the 
Aqaba Governorate. It was established in 2001 over a 375 km2 (37,500 hectares) area around the port city of 
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Aqaba. The zone includes Jordan’s entire marine coastline of 27km. Its purpose is to attract and facilitate 
investment in Aqaba in the areas of industry, port development, tourism, infrastructure, utilities and services.  

ASEZA has the authority of a municipality, as well as being the regulator for permitting investments including 
environmental permitting. Economic entities wishing to operate in the Zone register with ASEZA. The Zone 
offers a low tax environment to stimulate economic activity, attract investments, promote exports and deliver 
social, economic and environmental benefits to the people of the region and the country. ASEZA has sole 
jurisdiction over environmental regulation within Aqaba Special Economic Zone including the entire coastline.  

Aqaba Development Corporation (ADC): In 2004, ASEZA and the Jordanian Government launched the 
Aqaba Development Corporation (ADC) as the development agency for the Aqaba Special Economic Zone. 
ADC is a Government and ASEZA owned company which was given ownership of all Government held assets 
in the Zone (including the ports and the airport), and mandated to develop the Zone, through infrastructure 
development, and business enablers, and through managing the key assets. One of ADC’s main roles is the 
attraction of private sector developers and operators in the Zone. ADC also has the responsibility of 
implementing the ASEZA Master Plan.  

Jordan Maritime Authority (JMA) regulates, controls and develops the maritime sector in Jordan including 
all maritime transportation modes and the related labor force. The Authority is responsible for the inspection 
and regulation of shipping, ship movements, ship safety, and records. While the Authority has a role in the 
regulation of on-board equipment, the role of the environmental regulator with regard to pollution in marine 
environment and coastline lies with ASEZA. 

The Royal Jordanian Navy conducts daily patrols of port areas and keeps a patrol boat on 24‐hour watch in 
the ship anchorage area next to the Main Port. The Navy, in collaboration with the Ports Corporation, assists 
in preventing polluting discharges from ships and helps bring the polluters before the courts. The Naval Base 
is located between the Marine Park and the Southern Port area. 

Municipalities. Jordan has close to 100 local municipalities providing local government services such as 
waste collection, street cleaning, street and road maintenance, public lighting, culture and sports. Municipalities 
are run by a mayor who answers to a locally elected municipal council. Municipalities in Jordan vary greatly in 
size from populations of less than 5,000 people to greater than 100,000 people. They also vary in capacity. 
Municipalities relate to the central Ministry of Local Administration. 

Other entities include: 

• Ministry of Interior 

• Ministry of Public Works and Housing 

• Ministry of Planning and International Cooperation 

• Ministry of Transport 

• Ministry of Labour 

• Ministry of Health 

• Ministry of Agriculture 

• Department of Lands and Survey (DLS) 

• Public Security Directorate / Traffic Department 

• Ministry of Social Development  

• Ministry of Energy and Mineral Resources 

• Ministry of Tourism and Antiquities 

• Public Security Department 

• Civil Defence Directorate 

• Royal Society for the Conservation of Nature 
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• The Royal Department for Environmental Protection 

• Miyahuna 

• Aqaba Water Company 

• Jordan Institution for Standards and Metrology 

• Energy & Minerals Regulatory Commission 

• Central Electricity Generating Company - Aqaba Thermal Power Station 

• National Electric Power Company 

• Jordan Hejaz Railway 

• Land Transport Regulatory Commission  

• Aqaba Company for Ports Operation and Management 

• Aqaba Port Marine Service Company 

• Aqaba Container Terminal 

 Donors and Financing Institutions  

The European Investment Bank (EIB) is the long-term financing body of the European Union (EU). It 
promotes EU policies through financial and other forms of support to sustainable investment projects. The 
increasing prominence given to environmental and social considerations within the EU and throughout the 
other regions of operation of the Bank is reflected in its priority lending objectives. The Bank regularly reviews 
its environmental and social requirements and operational practices. 

The European Investment Bank has worked over the past years to provide facilitated financing through loans 
and technical and investment grants to Jordan to finance projects in key sectors, including water and sanitation, 
and to strengthen the efficiency and sustainability of water resources management in the Kingdom. EIB is the 
Contracting Authority for the study of the Preliminary Risks Assessment and ESIA for the Aqaba-Amman Water 
Desalination and Conveyance Project.  

The environmental and social policies, principles and standards as well as the operational practices of the EIB 
derive from and reflect the evolving EU approach and that of other international institutions towards the 
promotion of environmental sustainability and social well-being to achieve the goals of sustainable 
development. 

All projects financed by EIB must comply with the environmental and social requirements of the Bank. The EIB 
seeks to enhance the environmental and social sustainability of all the projects that it is financing, in particular, 
climate change, biodiversity and ecosystems considerations. These are integrated into the lending policies 
and practices of the Bank.  

Projects that receive financing priority by the Bank are those that make a significant contribution to the Priority 
Areas and Thematic Strategies of the EU Sixth Environment Action Program (EAP), and/or fulfil the objectives 
of EU Urban and Public Health strategies, including the Leipzig Charter. 

EIB continuously reviews and upgrades its approach to climate change to guide its lending and operational 
practices related to climate change mitigation and adaptation in support of the European Climate Change 
Program and the EU Action Plan on Climate Change and Development. 

The Statement applies to all forms of EIB financing, in all regions of Bank operations in both the public and 
private sector. EU principles and standards are the guide for all projects financed by the EIB. In the case of 
co-financing, the Bank can accept a common approach based on the relevant requirements of one of its 
financial partners, for reasons of consistency and harmonization, and to avoid duplication. 

The United States Agency for International Cooperation (USAID) leads international development and 
humanitarian efforts to save lives, reduce poverty, strengthen democratic governance and help people 
progress beyond assistance. USAID works to strengthen the water and wastewater infrastructure in Jordan, 
improve water sector management, protect natural resources, increase water supply, and conserve water use. 
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USAID has provided substantial assistance to the water sector in Jordan through construction of wastewater 
and water treatment plants, community-based water projects in all governorates, major improvements to 
Amman’s water network, the establishment of the Aqaba Water Company, and the rehabilitation of Jordan’s 
water infrastructure. 

USAID uses the Environmental Impact Assessment process to evaluate the potential impact of USAID’s 
activities on the environment prior to implementation. USAID's environmental procedures assure that the 
potential adverse impacts of development activities on ecosystems, environmental resources, and human 
health and welfare are identified prior to implementation; that this information fully informs the decision of 
whether or not to proceed to implementation; and that activities are designed and implemented to minimize 
these impacts. 

22 CFR 216 (Reg. 216) is the US federal regulation defining USAID’s pre-implementation environmental 
impact assessment process. The output of this process is Reg. 216 documentation – Requests for Categorical 
Exclusion (RCEs), Initial Environmental Examinations (IEEs), and Environmental Assessments (EAs). All EAs 
and most IEEs establish mandatory environmental “conditions” (or mitigation measures) that must be fulfilled 
during the implementation of the project or activity to protect the environment and human health and welfare. 

Based on USAID’s environmental safeguards and procedures, the EIA process consists of two main phases; 
Screening or Preliminary Assessment and Detailed EIA Study. Most USAID-funded projects involve low or 
moderate risks which require preliminary environmental assessments. Only activities with significant potential 
adverse impacts require a detailed EIA study. 

USAID's factsheet on stakeholder engagement in the environmental and social impact assessment process 
provides background information on stakeholder engagement as well as clear guidance and best practices to 
assist USAID staff and partners in incorporating stakeholder engagement into USAID’s environmental 
procedures. 

3.2. National Policies and Legislation 

 Policies and Strategies 

The National Water Strategy (2016-2025). The Strategy, developed by MWI, focuses on building a resilient 
water sector based on a unified approach for a comprehensive social, economic and environmentally viable 
water sector development. It recognizes the main sector stakeholders and proposes a policy-driven 
implementation plan that ensures coordination and integration of efforts based on individual and collective 
accountability and efficiency. The Strategy links water scarcity with water security and builds on recent 
successes in achieving the Millennium Development Goals. It takes into account the challenges of meeting 
the growing national water demand, the impact of continued water scarcity, the changing geo-political 
scenarios, emerging needs, and Jordan's commitment to the global sustainable development goals for 2016-
2025. The Strategy contains provisions for climate change and water-energy nexus. It calls for increased 
private sector participation and new water source options including harvesting water, brackish and seawater 
desalination, increased storage of water runoff, and artificial recharge. 
Jordan's Climate Change Policy. Jordan submitted its commitment to the United Nations Framework 
Convention on Climate Change (UNFCCC) in September 2015 in the form of Intended Nationally Determined 
Contribution (INDC). The Kingdom put forward a dual target: an "unconditional" target of 1.5% reduction of 
greenhouse gases (GHG’s) by 2030 compared to business-as-usual scenario, and a "conditional" target of 
12.5% reduction by 2030 if financial assistance by the international community is made available. The INDC 
refers to 70 projects that have been identified to reach the 14% target and indicates that the energy sector 
(inclusive of generation and transport) represent 73% of total GHG emissions.  

The Sector Strategic Guidance Framework of the National Climate Change Policy of the Hashemite Kingdom 
of Jordan (2013-2020) calls for building the adaptive capacity of communities and institutions in Jordan in order 
to increase the resilience of natural ecosystems and water resources, as well as agricultural resources, to 
climate change. 

 Laws, Regulations and Standards 

3.2.2.1. Laws 
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Environmental Protection Law 6 of 2017 

This law is the cornerstone for environmental protection in Jordan and although it repeals its predecessor, 
Environmental Protection Law 52 of 2006, all regulations and standards issued pursuant to Law No. 52 of 2006 
remain valid under Law No. 6 of 2017. This Law consists of 33 articles that aim at protecting the environment 
and provides that the Ministry of Environment is the authority responsible for environmental protection. It also 
provides that the Ministry together with the related parties shall develop the policies and prepare the plans and 
programs, work on forecasting climate change, follow the implementation of international environmental 
agreements, protect the biodiversity, and identify areas that need special attention, MoEnv’s responsibilities 
according to the Law include, but are not limited to, the following: Setting necessary policies and plans for 
environmental protection; and issuing specifications to fulfil environmental quality objectives. This is applied in 
the process of licensing and license renewal of facilities. 

The regulations issued by MoEnv include handling of hazardous substances and their final disposal. The entry 
of hazardous substances and waste into the Kingdom is prohibited through the provisions of the Law. The Law 
introduces the need to carry out Environmental Impact Assessments (EIAs) for certain projects prior to their 
commencement. MoEnv grants approval for environmental studies and projects submitted on behalf of any 
official entity to a donor agency. Penalties and consequences associated with environmental violations are 
further described in the Law. 

The Law stipulates that MoEnv is responsible for ensuring ambient quality, environmental protection, and water 
resources protection against pollution and for securing the quality of irrigation water supplies.  

Aqaba Special Economic Zone Law No. 32 of 2000 

Article 52 states that the Commissioner of Environmental Affairs of ASEZA shall assume the powers of Ministry 
of Environment for the purpose of protecting and maintaining the environment in Aqaba region and for ensuring 
sustainable development. In particular, Article 6 stipulates that all legislation in force in the Kingdom shall apply 
to the Zone unless superseded by contradiction by the provisions of ASEZA legislation. This means, that more 
stringent legislation in the ASEZA area will supersede (weaker) national legislation. 

Water Authority of Jordan (WAJ) Law No. 18 of 1988 

Article 24 stipulates that the Water Authority has the right to install private or public pipelines, or maintain them, 
through public roads. In case this is not possible for technical reasons, according to its sole evaluations, the 
Authority has (as added by Law No. 62 of 2001) the right to install these pipes within private lands and real 
estates. The Water Authority or its agents shall restore in all cases the conditions as they were before 
implementing the installations. The Water Authority shall assess the amounts of compensation to be paid to 
the owner if he suffered any loss. The Water Authority has the right to enter private lands and real estates to 
carry out its above‐mentioned works stated in this Article.  

Public Health Law No. 47 of 2008 

Public Health Law No. 47 of 2008 is a framework law that establishes the responsibilities of the Ministry of 
Health over public health issues, including monitoring and surveillance for diseases. Protecting the 
Environment in Emergency Situations (Regulation No. 26 of 2005 governs government planning in case of 
emergencies). 

Agriculture Law No. 13 of 2015 

Developed by the Ministry of Agriculture (MoA), this law prohibits the disposal of any type of solid or liquid 
waste or other harmful substances in the environment. Owners of any project or establishment must ensure 
that no borders of forests or agricultural areas are to be violated. There are several legislations that relate to 
the protection of ecosystems and biodiversity in Jordan, including the legal mandates of the Royal Society for 
the Conservation of Nature (RSCN), the Environmental Protection Law No. 6 of 2017, and Regulation No. 43 
of 2008 for the Classification of Birds and Wild Animals Species Forbidden from Hunting. 
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Antiquities Law No. 20 of 2004 

This law, developed by Ministry of Tourism and Department of Antiquities, outlines the responsibilities and 
necessary actions to ensure the protection and conservation of the country’s cultural heritage including 
archaeology. The Law outlines the required actions to be undertaken for the appraisal of archaeological objects 
and sites and their importance. In addition to penalties associated to the violation of any provisions of this law. 

Labour Laws and Regulations 

 Labour Law No. 8 of 1996 and its amendments: This applies to private sector labour and includes 
occupational health and safety requirements. 

 Labour Law Amendment No. 26 of 2010: Related to rights and protection of non-Jordanian workers. 
 The Social Security Law No. 1 of 2014. 
 Social Security Corporation (SSC) Law – Work Injuries Instructions. 
 Regulation on Preventive Medical Care and Treatment for Institutional Workers (No. 42, 1998). 
 Regulation on Protection and Safety from Industrial Machinery and Equipment on Worksites (No. 43, 

1998). 
 Instructions ‐ Initial Medical Examination of Workers in Institutions of 1999 which requires periodic 

medical examination of workers in certain risky environments, including working in waste management. 
 Instructions for the Protection of Workers against the Risks of the Work Environment No. 8 of 1996. 

These instructions include the requirements to reduce the risk to health and safety of workers in certain 
environments and protective measures (such as PPE), welfare facilities (e.g. changing rooms), noise 
and lighting levels. 

 Jordanian Standard JS 525:1987 - Heat Levels in the Work Environment. 
 Jordanian Standard JS 524:1987 - Lighting Levels in the Work Environment. 
 Jordan is a member of the International Labour Organization (ILO) and has ratified seven of the core 

conventions in addition to 13 other conventions. 

Real Estate Ownership Law No. 13 of 2019 

This law is the legal instrument in Jordan for land acquisition and applies to all cases of land acquisition in the 
country through its Chapter 9 (Articles 178-213). No land can be acquired away unless it is for a public benefit 
project and there is fair and just compensation. The law requires direct negotiation between the purchasers 
for public benefit project and landowners until an agreement is reached. If an agreement cannot be reached 
between the two parties, cases can be referred to the courts. Any land acquisition must be approved by the 
Council of Ministers. Additional information about this law and the land acquisition process can be found in the 
Land Acquisition and Resettlement Policy Framework (Annex 8). 

Law on Guarantee of Access to Information No. 47 of 2007 

Article 7 of the Law states that, "Every Jordanian has to right to obtain the information he/she requires in 
accordance with the provisions of this Law, if he/she has a lawful interest or a legitimate reason therefore”. 
Article 8 obligates officials "to facilitate access to information and guarantee the disclosure thereof without 
delay and in the manner stipulated in the present Law".  

Other Laws 

Additional laws that are relevant to the project include: 

• Social Security Law No. 1 of 2014 

• Prevention of Human Trafficking Law No.9 of 2009 

• Traffic Law No. 49 of 2008 

• Protection of Cultural Heritage and Sites Law No. 5 of 2005 

• Solid Waste Management Framework Law No. 16 of 2020 

3.2.2.2. Regulations 

Environmental Classification and Licensing Regulation No. 69 for 2020 and amendment No. 97 for 2020 

This regulation sets out the EIA process in Jordan and is developed by virtue of Clause A of Article 5 of the 
Environment Protection Law No. 6 of 2017. Its annexes provide screening criteria, listing the types of projects 
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which require a comprehensive EIA or a preliminary EIA study, and those for which neither is needed. For 
Category 1 projects, a public scoping hearing is required to prepare the EIA Terms of Reference (ToR). The 
Regulation requires that the EIA describe the project and environmental baseline conditions, and cover impacts 
to be assessed, and mitigation measures to be developed. 

Based on this regulation, the AAWDC Project is classified as Category 1 (High Risk) Project thus requiring a 
comprehensive environmental impact assessment. 

Regulation No 21 for 2001 for the Protection of the Environment in the Aqaba Special Economic Zone 

Defines the environmental impact assessment process applicable in ASEZA in its Articles 8 to 24. According 
to Annex 2 of the regulation, Industrial estate development projects are subject to a comprehensive EIA. 

Regulation for the Protection of Air No. 28 of 2005 

This regulation describes the requirements of several entities including the Ministry of Environment in relation 
to protecting the environment against air pollution. This regulation is supported by Jordanian Standard – 
Ambient Air Quality (JS1140/2006). This standard outlines the technical requirements and allowable limits for 
air pollutants in regards to ambient air quality. Several pollutants are considered including CO, SO2, NO2, and 
TSP. The presence of stationary air emission sources at the RO Plant, pumping stations and other major 
stationary emission sources may trigger Jordanian Standard 1189 of 2006 - Maximum Allowable Limits of Air 
Pollutants Emitted from Stationary (JS 1189/2006). 

Regulation for the Prevention of Health Nuisances within Municipal Areas, Regulation No. 1 of 1978 
and its amendments 

This Regulation operates under the Law of Municipalities and requires preventing health nuisances and 
avoiding adverse impacts on the environment and public health. This is applicable to the proposed sites of 
some project components. 

Other Regulations 

Additional relevant regulations include the following: 

• Regulation on Protecting the Environment from Pollution in Emergency Situations No. 26 of 2005 

• Soil Protection Regulation No. 25 of 2005 

• Management, Transportation and Handling of Harmful and Hazardous Substances Regulation No. 24 
of 2005 

• Regulation for Obligatory Employment of Jordanian Workforce from Surrounding Communities in 
Development Projects No. 131 of 2016 

• Regulation No. 43 of 2008 for the Classification of Birds and Wild Animals Species Forbidden from 
Hunting 

• Regulation No. 43 of 1998 on Protection and Safety from Industrial Machinery and Equipment on 
Worksites  

• Regulation No. 26 of 2005 governs government planning in case of emergencies 

• Regulation on Preventive Medical Care and Treatment for Institutional Workers No. 42 for 1998 

3.2.2.3. Instructions and Standards 

Noise Prevention - Instruction for Reduction and Prevention of Noise for 2003 

This instruction describes the requirements of several entities including the Ministry of Environment for 
protecting the environment against noise pollution, in relation to the noise levels outside the work environment 
(i.e., the fence of the facility). Noise levels within the work environment are listed under the Ministry of Labour’s 
(MoL) “Instruction for the Protection of Employees and institutions against risk of work Environment”. This 
instruction outlines the noise limits within the workplace and the number of acceptable exposure hours. 

Drinking Water Standards (JS 286/2015) 
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Table 3-2: JS893/2021 Characteristics and standards for reclaimed water reused for irrigation purposes 

Parameter 

Limits according to the uses 
mg/l (unless indicated otherwise) 

Parks, 
playgrounds 

and roadsides 
within cities 

Fruit trees, 
side roads 
and green 

areas 

Agricultural 
crops, field 
crops and 

forest trees 

Flowers 
customized 

for uses 

BOD5 30 100 200 15 

COD 100 200 300 50 

Dissolved oxygen  2< -- -- 2< 

Total suspended solid 50 100 100 15 

pH 6-9 a 6-9 a 6-9 a 6-9 a 

Turbidity 10 b -- -- 5 b 

NO3 - N 16 16 16 16 

TN 70 70 70 70 

E-coli 100 c 1000 c -- 1.1 c 

Intestinal Hemlines Eggs 2 >d 1 >d 1 >d 1 >d 

FOG 8 8 8 8 

MBAS 100 100 100 15 

Total dissolved solid 1500 1500 1500 1500 

Phenol 0.02 0.02 0.02 0.02 

PO4 - P 10 10 10 10 

Cl 500 500 500 500 

SO4 500 500 500 500 

HCO3 400 400 400 400 

SAR 9.0 e 9.0 e 9.0 e 9.0 e 

Al 5.0 5.0 5.0 5.0 

As 0.1 0.1 0.1 0.1 

Be 0.1 0.1 0.1 0.1 

Cu 2.0 2.0 2.0 2.0 

F 2.0 2.0 2.0 2.0 

Fe 2.0 2.0 2.0 2.0 

Li 2.5 2.5 (0.075 
citrus) 2.5 0.075 

Mn 0.4 0.4 0.4 0.4 

Mo 0.27 0.27 0.27 0.27 

Ni 0.2 0.2 0.2 0.2 

Pb 0.2 0.2 0.2 0.2 

Se 0.05 0.05 0.05 0.05 

Cd 0.01 0.01 0.01 0.01 
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Parameter 

Limits according to the uses 
mg/l (unless indicated otherwise) 

Parks, 
playgrounds 

and roadsides 
within cities 

Fruit trees, 
side roads 
and green 

areas 

Agricultural 
crops, field 
crops and 

forest trees 

Flowers 
customized 

for uses 

Zn 5.0 5.0 5.0 5.0 

Cr 0.1 0.1 0.1 0.1 

Hg 0.006 0.006 0.006 0.006 

V 0.1 0.1 0.1 0.1 

Co 0.05 0.05 0.05 0.05 

B 2.4 2.4 2.4  

CN 0.1 0.1 0.1 0.1 
a Unit 
b nivilometer 
c Bacillus - most likely number or CFU/100ml. 
d Egg per liter. 
e Sodium absorption rate%. 

 

Others 

Additional instructions that are relevant to the Project implementation include: 

• Instructions on Safety Measures to Prevent the Spread of Coronavirus at construction sites 
(07/04/2020) 

• Instructions for Management of Solid Waste of 2006 

• Instructions for the protection of workers and institutions from occupational hazards/risks issued by 
virtue of Article (79) of Labour Law No.8 of 1996 

• Instructions for the Protection of Workers against the Risks of the Work Environment No. 8 of 1996 

• Instruction for Reduction and Prevention of Noise of 2003 

• Initial Medical Examination of Workers in Institutions of 1999 

• Work Injuries Instructions. 

3.3. International Standards and Commitments 

 EIB Standards 

The EIB requires that project promoters apply good international practices. Relevant standards are identified 
in discussions between the Bank and the project promoter during project preparation, appraisal and negotiation 
and are applied by the project promoter during project implementation and operation. The standards, though 
derived from EU environmental law, are supplemented where necessary by other good international practices, 
and the Bank reserves the right to require standards that are more stringent than EU legal requirements. Where 
justified within the framework of the Statement, the Bank also reserves the right to apply a phased approach 
to the implementation of its standards. 

The EIB requires that all projects that it finances comply at least with:  

- Applicable national environmental laws and regulations;  
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- Applicable EU environmental law, notably the EU EIA Directive and the nature conservation Directives, as 
well as sector-specific Directives and "cross-cutting" Directives; and 

- The principles and standards of relevant international environmental conventions incorporated into EU 
law.  

With reference to the EIA Directive, the EIB requires that its provisions are respected in particular related to 
the following:  

- An EIA should be carried out if a project is likely to have a significant impact on the environment; for an 
Annex II project according to the EIA Directive, the decision not to carry out an EIA should be justified.  

- The public concerned should be given early and effective opportunities to participate, to express comments 
on the project and to receive a response to those comments. 

- Any residual impacts should be suitably mitigated, compensated and/or offset.  

In projects for which the EIB requires a formal EIA, the EIA process and content must be consistent with the 
requirements of the EU Directive. 

The EIB restricts its financing to projects that respect human rights and comply with EIB social standards, 
based on the principles of the Charter of the Fundamental Rights of the European Union and international 
good practices. EIB expects that all policies, practices, programs and activities developed and implemented 
by the project promoter should pay special attention to the rights of vulnerable groups.  

3.3.1.1. EIB Criteria for Project Classification  

The objective of Directive 2011/92/EU on the assessment of the effects of certain public and private projects 
on the environment (the Environmental Impact Assessment, or EIA, Directive) is to ensure that projects that 
are likely to have a significant effect on the environment are adequately assessed before they are approved. 
The EIA Directive of “1985” has been amended three times, in 1997, in 2003 and in 2009. 

Before any decision is taken to allow a project to proceed, the possible impacts it may have on the environment 
(either from its construction or operation) are to be identified and assessed. The Directive also ensures the 
participation of environmental authorities and the public in environmental decision-making procedures. In 
particular, members of the public concerned must be given the opportunity to comment on any proposal while 
all options are still open, i.e., before a final decision is taken by the competent authority on a request for 
development consent. When approving a project, the competent authority is required to take into consideration 
the results of consultations and to inform the public, notably on the measures envisaged to avoid, reduce or 
compensate for environmental impacts. 

Subject to EU's Directive on EIA, Article 2(4), all projects listed in Annex I are considered as having significant 
effects on the environment and require an in accordance with Articles 5 to 10, while for projects listed in Annex 
II, Member States shall determine whether the project shall be made subject to an assessment in accordance 
with Articles 5 to 10. For projects listed in Annex II, the national authorities have to decide whether an EIA is 
needed. This is done through a "screening procedure" which determines the effects of projects on the basis of 
thresholds/criteria or a case-by-case examination. However, the national authorities must take into account 
the criteria laid down in Annex III. The projects listed in Annex II are in general those not included in Annex I 
(railways, roads, waste disposal installations, wastewater treatment plants), but also other types such as urban 
development projects.  

Although Annex I of the Directive stipulates that "Works for the transfer of water resources between river basins 
where that transfer aims at preventing possible shortages of water and where the amount of water transferred 
exceeds 100 million cubic meters/year", it does, however, exclude projects from the Annex if the transfer 
involves piped drinking water. Annex II includes "Installations of long-distance aqueducts" as one of its projects 
thus leaving the decision up to the national authorities to determine the need for an EIA based on screening 
its environmental impacts. 

3.3.1.2. EIB Environmental and Social Standards 

EIB Environmental and Social Principals and Standards are presented in the EIB Statement of Environmental 
and Social Principals and Standards (ESS) for the year 2009, and are elaborated and explained in the 
European Investment Bank Environmental and Social Handbook (2013). EIB's environmental and social 
standards are: 

 ESS 1: Assessment and Management of Environmental and Social Impacts and Risks 
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 ESS 1: Pollution Prevention and Abatement 
 ESS 1: Biodiversity and Ecosystems 
 ESS 4: Climate-related Standards 
 ESS 5: Cultural heritage 
 ESS 6: Involuntary Resettlement 
 ESS 7: Rights and Interests of Vulnerable Groups 
 ESS 8: Labour Standards 
 ESS 9: Occupational and Public Health, Safety and Security 
 ESS 10: Stakeholder Engagement 

EIB social standards aim to "protect the rights and enhance the livelihoods of people directly and indirectly 
affected by projects financed by the EIB" (EIB, 2009). Outcomes expected and targeted from the enforcement 
and implementation of these standards are oriented toward the benefit of individual well-being, social inclusion 
and sustainable communities.  

EIB social standards pay particular attention to the rights and interests of vulnerable groups. They provide 
clear basis for assessment of vulnerability and the main vulnerable groups (e.g., women, people with 
disabilities, indigenous communities, ethnic groups, etc.) 

Practices and procedures related to the implementation of the EIB Standards are based on the second volume 
of the EIB Environmental and Social Handbook (2013). These procedures provide detailed elaboration on the 
objectives to achieve, means (framework and tools) of achieving the objectives, and procedures to fully comply 
with the set-forth standards. 

The EIB Standards are based on the principles of the Charter of the Fundamental Rights of the European 
Union and international good practices and address all obligations and requirements related to the international 
conventions and agreements on social and human rights. 

 USAID Requirements 

USAID uses the Environmental Assessment process to evaluate the potential impact of USAID’s activities on 
the environment prior to implementation. USAID's environmental procedure ensure that the potential adverse 
impacts of development activities on ecosystems, environmental resources, and human health and welfare 
are identified prior to implementation; that this information fully informs the decision of whether or not to 
proceed to implementation; and that activities are designed and implemented to minimize these impacts. The 
procedures are a life-of-project process for achieving sustainable actions that promote community self-
reliance. 

22 CFR 216 (“Reg. 216”) is the US federal regulation defining USAID’s pre-implementation environmental 
impact assessment process. The output of this process is Reg. 216 documentation – Requests for Categorical 
Exclusion (RCEs), Initial Environmental Examinations (IEEs), and Environmental Assessments (EAs). All EAs 
and most IEEs establish mandatory environmental “conditions” (or mitigation measures) that must be fulfilled 
during the implementation of the project or activity to protect the environment and human health and welfare. 

Based on USAID’s environmental safeguards and procedures, the EIA process consists of two main phases: 
Screening or Preliminary Assessment and Detailed EIA Study. Most USAID-funded projects involve low or 
moderate risks which require preliminary environmental assessments. Only activities with significant potential 
adverse impacts require a detailed EIA study. 

 EU Directives 

This section provides a brief description of the relevant EU Directives that are considered as most applicable 
to the AAWDC Project. 

Directive 85/337/EEC - Directive on EIA 

This directive was in force since 1985 and has been amended recently in 2014. It is applied to various public 
and private projects. The amended EIA Directive 2014 came into force on May 15th 2015, amending 
2011/92/EU, stating that it will “simplify the rules for assessing the potential effects of projects on the 
environment.” Member States must implement it by May 16th 2017. The EIA Directive 2014 makes a number 
of changes, including a new definition of EIA and standardization of the EIA screening process across Member 
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States with information that developers must provide for the screening process to be prescribed. There is also 
clarification that the cumulative impact of a project and other existing or approved projects should be 
considered as part of the screening process; and a requirement for the main reasons behind the screening 
decision or screening opinion to be published at the same time, as well as a new time frame for the screening 
process (to be carried out within 90 days). 

It should be noted that the Jordanian EIA legislation (No. 37 of 2005) is broadly in line with the process required 
by the EU Directives, although it is somehow limiting on matters of social assessment, consultation, information 
disclosure, and implementation and follow up especially in relation on the ESMP. 

Directive 98/83/EC - The Drinking Water Directive 
This directive regulates the quality of water intended for human consumption. Its objective is to protect human 
health from adverse effects of any contamination of water intended for human consumption by ensuring that it 
is wholesome and clean. The latest amendments include Commission Directive (EU) 2015/1787 of 6 October 
2015. The Drinking Water Directive applies to all distribution systems serving more than 50 people or supplying 
more than 10 cubic meter per day, but also distribution systems serving less than 50 people / supplying less 
than 10 cubic meter per day if the water is supplied as part of an economic activity. 

The Directive provides the essential quality standards at EU level. It requires the regular monitoring and testing 
of a total of 48 microbiological, chemical and indicator parameters. In general, World Health 
Organization's guidelines for drinking water and the opinion of the Commission's Scientific Advisory 
Committee are used as the scientific basis for the quality standards in the drinking water. 

Directive 91/271/EEC on Urban Wastewater Treatment 

Council Directive 91/271/EEC concerning urban wastewater treatment was adopted on the 21st of May 1991 
to protect the water environment from the adverse effects of discharges of urban wastewater and from certain 
industrial discharges. For this purpose, it sets out provisions relative to the collection, treatment and discharge 
of urban wastewater and the treatment and discharge of wastewater from certain industrial sectors. The areas 
into which urban wastewater entering collecting systems shall be discharged are divided into: (a) sensitive 
areas; and (b) less sensitive areas for which specific discharge limit values apply (Annex I and Annex II of the 
Directive refer). On the 27th of February 1998 the Commission issued Directive 98/15/EC, which amended 
Directive 91/271/EEC, with regards to clarifying the requirements of the Directive 91/271/EEC in relation to 
discharges from urban wastewater treatment plants to sensitive areas, which are subject to eutrophication. As 
a result, Table 2 of Annex I of the Directive 91/271/EEC was subsequently amended.  

Directives related to Labour and Working Conditions 

 Directive 2006/54/EC – Equal opportunities 

 Directive 2002/14/EC – Informing and consulting employees 

 Directive 2000/78/EC – Equal treatment 

 Directive 89/391/EEC – OHS‐ Framework & Directive 

 Directive 2009/104/EC – Use of work equipment 

 Directive 92/58/EEC – Safety and/or health signs 

 Directive 89/656/EEC – Use of personal protective equipment 

 Directive 89/654/EEC – Workplace requirements 

 Directive 2009/161/EU – Occupational exposure limit values 

 Directive2012/18/EU – Major‐accident hazards 

 Directive 90/269/EC – Manual handling of loads 

Directive 96/62/EC - Air Quality Framework Directive 

This directive describes the basic principles for assessing and managing air quality in Member States. The 
directive lists the pollutants for which air quality standards and objectives will be developed and specified in 
legislation 
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Directive 2002/49/EC - Assessment and Management of Environmental Noise 

This Directive relates to the assessment and management of environmental noise. It is the main EU instrument 
to identify noise pollution levels and to identify the necessary action both at Member States and at EU level. 
Since this EU Directive does not specify noise limits, the IFC “Environmental, Health, and Safety (EHS) 
Guidelines: Environmental – 1.7 Noise Management” are referred to for noise limits specifications. 

Directive 2008/98/EC - Waste Framework 

This directive sets the general framework of waste management requirements and the basic waste 
management definitions for the EU. It determines the basic concepts and definitions related to waste 
management and lays down waste management principles such as the "polluter pays principle" or the "waste 
hierarchy". 

Directives relating to Public Participation 

 Directive 2003/04/EC – Access to Environmental Information 
 Directive 2003/35/EC – Providing for Public Participation 

 

Directive 2009/147/EC of the European Parliament and of the Council of 30 November 2009 on the 
Conservation of Wild Birds 

This directive provides a legal framework for the protection of all wild birds in the EU, including their eggs, 
nests and habitats. It also prohibits the sale, transport for sale, keeping for sale and the offering for sale of live 
or dead birds and of any readily recognisable parts or derivatives of such birds. 

Council Directive 92/43/EEC of 21 May 1992 on the Conservation of Natural Habitats and of Wild Fauna 
and Flora 

This directive addresses the conservation of natural habitats and of wild fauna and flora and aims to promote 
the maintenance of biodiversity, taking account of economic, social, cultural and regional requirements. 

3.4. Gaps in Relevant Environmental and Social Regulations 

The following table presents the gaps that exist between the national environmental and social requirements 
in Jordan and those of EIB particularly as they relate to the following key aspects: Environmental Permitting, 
Environmental Management, Land Acquisition, and Public Consultations and Disclosure. 

Table 3-3– Gaps in Regulations and Measures to Bridge them 
Requirement Gaps Measures to Bridge Gaps 

Environmental 
Permitting 

 The EIA is regarded as a permitting 
requirement to fulfil Jordanian legal 
requirements and is often commissioned 
after the project proponent has made key 
project decisions especially those related to 
project alternatives, site selection, project 
size, etc. According to the EIA regulation 
(Environmental Classification & Licensing 
Regulation No. 69 of 2020), the Ministry of 
the Environment is the sole authority 
responsible for requesting, screening, 
reviewing, and approving environmental 
impact assessment studies in areas 
outside the boundaries of Aqaba region. 

 ASEZA has sole jurisdiction over 
environmental regulation within Aqaba 
region including the entire coastline and 
thus ASEZA's Environmental Clearance 
Procedures apply to all economic activities 
and projects located there.  

 Larger projects in Jordan are often donor‐

 The more stringent of the two 
requirements has been 
applied for the project.  

 EIB requirements were used 
for aspects not covered by 
local Jordanian legislation 
especially related to public 
consultations and land 
acquisition.  
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Requirement Gaps Measures to Bridge Gaps 

financed (including by EIB) and so are 
appraised to donor requirements which are 
usually more stringent than national 
Jordanian requirements especially in areas 
related to social impacts, land acquisition, 
public consultation and gender integration. 

Environmental 
Management 

 Jordanian legislation does not allocate 
sufficient resources to conduct post‐
permitting follow up regarding the 
implementation of the provisions of 
Environmental Management Plans 
especially during the construction phase 
(as the operation phase is mostly covered 
through the auditing process).  

 There are inadequate provisions for 
institutionalizing controls and performance 
requirements and applying them on 
contractors and project operators.  

 Projects that have obligations to monitor 
and report on environmental performance 
(e.g. air emissions, discharges, etc.) often 
do so under different legislation. 

MWI, in cooperation with the 
environmental authorities, to 
allocate sufficient resources to 
ensure the full and timely 
implementation by the BOT 
Developer of the requirements of 
the Environmental and Social 
Management Plan (which is part 
of the ESIA) including the 
monitoring and reporting 
requirements. 

Resettlement 
and Land 
Acquisition 

 The Jordanian Real Estate Ownership Law 
No. 13 of 2019 does not recognize 
displaced people (physically or 
economically) without formal legal rights. 
Furthermore, it does not recognize the term 
‘involuntary resettlement’. 

 The focus in Jordanian legislation is 
confined to land and assets such as 
buildings, trees and other fixed objects 
which may be expropriated or damaged by 
the project.  

 Resettlement assistance is not covered 
except for the provision of cash 
compensation for the loss of land or assets 
for persons with formal legal rights.  

 Loss of value and economic resettlement 
are not covered by the local legislation. 

 The Jordanian legislation does not require 
the preparation of Resettlement Action 
Plans or Livelihood Restoration Plans, nor 
to undertake a socio‐economic survey prior 
to commencing project activities. 
Furthermore, it does not require performing 
consultation with project affected people or 
conducting monitoring or reporting.  

 The Jordanian legislation offers the owner 
the right to negotiate to reach agreement 
over the compensation and to refer the 
case to the courts but only as it relates to 
the amount of the compensation. 

 Project affected persons and host 
communities have very limited opportunity 
under the law to participate in defining or 
agreeing eligibility criteria.  

Under the terms of the contract, 
MWI will: 
 Develop a Resettlement 

Action Plan or a Livelihood 
Restoration Plan. 

 Undertake a full socio‐
economic survey prior to 
commencing project activities. 

 Maintain open communication 
channels and on-going 
consultations with project 
affected people throughout 
the project lifecycle.   

 Establish a grievance 
mechanism accessible to all 
project affected persons 

 Conduct regular monitoring 
and reporting.  

 
Disputed tribal lands in some 
parts of Jordan including the 
project area can sometimes be 
problematic. MWI (through the 
Resttlement Action 
Plan/Livelihood Restoration 
Plan) will pay special attention to 
this issue. 



 
 
Economic Resilience Initiative  
– Infrastructure Technical Assistance 
 
 

[Task 1.15 ESIA – AAWDC Project]     Tetra Tech, [05th April 2022] | 64 

Requirement Gaps Measures to Bridge Gaps 

Public 
Consultations 
and Disclosure 

 Jordan's local legislation require one or two 
consultation sessions during ESIA 
preparation that are open to the public and 
for which feedback can be obtained to feed 
into the study while EIB requires 
stakeholder engagement throughout the 
duration of the project including during 
construction and operation. 

 The EIB also requires full dislosure of all 
ESIA documents while this is not 
necessarily required by local legislation. 

 Stakeholder engagement, 
including disclosure and 
dissemination of information, 
should be planned for and 
carried out in line with the 
principles of prior, informed 
and free engagement and 
informed participation, in 
order to lead to broad 
community support by the 
affected communities and 
longer-term sustainability of 
the project’s activities.  

 MWI must adopt, update and 
implement the Project’s 
Stakeholder Engagement 
Plan (Annex 9) and provide 
stakeholders with access to 
timely, relevant and 
understandable information, 
and to engage relevant 
internal and external 
stakeholders throughout the 
project life to ensure effective 
communication. 

 MWI and the BOT Contractor 
must ensure that the level of 
engagement corresponds to 
the type and scale of the 
potential impacts and will take 
the concerns of stakeholders 
into consideration in decision-
making. 

 
Grievance 
Mechanism 

 While some form of grievance mechanism 
exists at the various relevant agencies 
(MoEnv, ASEZA and MWI), a formal 
project-related Grievance Mechansim is 
not required by the legislation. This 
mechanism is required according to EIB 
standards. 

 Applying EIB standards will 
ensure that a grievance 
mechanism is established and 
grievances from affected 
communities and other 
stakeholders are recorded, 
addressed and managed 
appropriately. 

 

3.5. Multilateral Environmental Agreements 
Jordan is a signatory to a number of international environmental conventions and multi-lateral environmental 
agreements, treaties, and protocols aiming at protecting the environment. The most relevant to the AAWDC 
Project are the following: 

 Kyoto Protocol on Climate Change, 2003 
 Ramsar Convention of Wetlands of International Importance, 1971 
 Vienna Convention and the Montreal Protocol for the Protection of the Ozone Layer, 1988 
 Basel Convention on the Control of Trans-boundary Movements of Hazardous Wastes and their 

Disposal, 1992 
 UN Convention to Combat Desertification (UNCCD), 1996 



 
 
Economic Resilience Initiative  
– Infrastructure Technical Assistance 
 
 

[Task 1.15 ESIA – AAWDC Project]     Tetra Tech, [05th April 2022] | 65 

 Cartagena Protocol on Bio-safety, 2003 
 Convention on the Protection of African-Eurasian Migratory Waterfowls, 1996  
 Convention on the Conservation of Migratory Species of Wild Animals, 1979  
 Stockholm Protocol on Persistent Organic Pollutants (POPs), 2004 
 Convention on Biological Diversity (CBD), 1994 
 Jordan is a member of the International Labour Organization (ILO) and has ratified seven of the core 

conventions in addition to 13 other conventions. 
o Right to Organise and Collective Bargaining Convention, 1949 (No. 98)  
o Forced Labor Convention, 1930 (No. 29)  
o Abolition of Forced Labor Convention, 1957 (No. 105)  
o Minimum Age Convention, 1973 (No. 138)  
o Worst Forms of Child Labor Convention, 1999 (No. 182)  
o Equal Remuneration Convention, 1951 (No. 100)  
o Discrimination (Employment and Occupation) Convention, 1958 (No. 111) 

3.6. Project Ownership 
The Ministry of Water and Irrigation is the main public water institution in Jordan. The Water Authority of 
Jordan (WAJ) operates under the umbrella of MWI and is responsible for the operational management of water 
facilities including water supply and wastewater treatment in Jordan. The AAWDC Project will be owned by 
the Government of Jordan through MWI, the Project Promoter. Since the Project is planned to be implemented 
through a BOT scheme, the BOT contractor will operate the project for an agreed duration, mostly 25 - 35 
years, after which it is transferred to the Jordanian government. 

3.7. Project Categorization and Permitting 

 National Environmental Requirements 

According to the Environmental Classification and Licensing Regulations No. 69 for 2020 and its amended 
regulation No. 97 for 2020, desalination projects and projects supplying water to a population of over 100,000 
are required to undergo a comprehensive environmental impact assessment (EIA) to be approved by the 
MoEnv. Consequently, the Project Promoter (MWI) has addressed MoEnv as per the formal letter No. 
1/5/39/1259 dated September 28, 2020 in order to classify the AAWDC Project. In line with the regulations, 
MoEnv has concluded that the AAWDC Project requires conducting a comprehensive EIA as per its letter No. 
4/7/6983 dated October 01, 2020 included in Annex 1. On the other hand, on July 01, 2021, MoEnv. has 
approved the submitted TOR as per their formal letter No. 4/7/5141 included in Annex 1. 

ASEZA has sole jurisdiction over environmental regulation within Aqaba Special Economic Zone including the 
entire coastline and thus ASEZA's Environmental Clearance Procedures apply to all economic activities and 
projects located there. Screening is conducted by ASEZA's environmental department to decide the nature 
and extent of the environmental analysis to be carried out for a proposed project/activity. The classification of 
each proposed project depends on the type, location, sensitivity, and the scale of the proposed project, as well 
as the nature and magnitude of its potential impacts. As per Regulation No 21 for 2001 for the Protection of 
the Environment in the Aqaba Special Economic Zone, Category I projects require a comprehensive EIA due 
to the expected significant environmental impacts of its activities. Category II projects require a preliminary 
environmental evaluation. Similarly, MWI has addressed ASEZA as per letter No. 1/5/26/1258 dated 
September 28, 2020 for the same purpose of screening the AAWDC Project. ASEZA had also concluded that 
the AAWDC Project requires conducting a comprehensive EIA as per its letter No. 2/1/13778 dated October 
21, 2020 included in Annex 1 along with ASEZA’s approval on the submitted TOR, as per formal letter No. 
02/01/6241 dated May 10, 2021. 

 EIB Criteria for Project Classification  

EIB Environmental and Social Standard # 1 - Assessment and Management of Environmental and Social 
Impacts and Risks - outlines the project promoter’s responsibilities in the process of assessing, managing and 
monitoring environmental and social impacts and risks associated with a project. This Standard applies to all 
operations likely to have significant and material environmental and social impacts and requires that risks be 
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taken into account at the earliest possible stage of the decision-making process. According to this standard, 
projects which are likely to have significant effects on the environment, human health and well-being must be 
subject to an assessment according to the EU EIA Directive 2011/92/EU. 

The objective of Directive 2011/92/EU on the assessment of the effects of certain public and private projects 
on the environment (the EIA Directive) is to ensure that projects that are likely to have a significant effect on 
the environment are adequately assessed before they are approved. The EIA Directive of 1985 and its 3 
amendments have been codified by Directive 2011/92/EU, which has been further amended in 2014 by 
Directive 2014/52/EU. 

Before any decision is taken to allow a project to proceed, the possible impacts it may have on the environment 
(either from its construction or operation) are to be identified and assessed. The Directive also ensures the 
participation of environmental authorities and the public in environmental decision-making procedures. In 
particular, members of the public concerned must be given the opportunity to comment on any proposal while 
all options are still open, i.e., before a final decision is taken by the competent authority on a request for 
development consent. When approving a project, the competent authority is required to take into consideration 
the results of consultations and to inform the public, notably on the measures envisaged to avoid, reduce or 
compensate for environmental impacts. 

According to Article 4 of the EIA Directive, projects listed in Annex I are considered as having significant effects 
on the environment and require an EIA in accordance with Articles 5 to 10, while for projects listed in Annex 
II, Member States shall determine whether the project shall be made subject to an EIA. For projects listed in 
Annex II, the national authorities have to decide whether an EIA is needed. This is done through a "screening 
procedure" which determines the effects of projects on the basis of thresholds/criteria or a case-by-case 
examination. However, the national authorities must take into account the criteria laid down in Annex III. The 
projects listed in Annex II are in general those not included in Annex I (railways, roads waste disposal 
installations, wastewater treatment plants), but also other types such as urban development projects.  

Although Annex I of the Directive stipulates that "Works for the transfer of water resources between river basins 
where that transfer aims at preventing possible shortages of water and where the amount of water transferred 
exceeds 100 million cubic meters/year", it does, however, exclude projects from the Annex if the transfer 
involves piped drinking water. Annex II includes "Installations of long-distance aqueducts" as one of its projects 
thus leaving the decision up to the national authorities to determine the need for an EIA based on screening 
its environmental impacts. Desalination plants are not listed in any of the annexes. 

Based on the types of projects listed in Annex II of the EU EIA Directive 2011/92/EU and the above discussion, 
the proposed AAWDC Project would require an EIA study. 
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Environmental/Social 
Theme 

Likely Evolution Without the AAWDC Project 

floods). Considering that under the water scarcity facing the country, water 
is treated as a precious resource rather than a disposable commodity, the 
cultivation of agricultural fields is unlikely to be expanded because water 
supply to this effect is either expensive or insufficient.  

Air, and Climatic 
Factors 

Rural air quality in Jordan is mainly affected by the uncontrolled burning of 
household and agricultural waste, the operation of medium to large size 
industrial activities with, not always, appropriate air pollutants emissions 
abatement measures, and transportation means.  

The absence of the Project is not expected to affect the global rural air 
quality trends. However, the operation of existing water supply 
infrastructure that does not meet increasing demand and in several cases 
lucks energy efficiency measures would continue to result in unnecessary 
impacts on localized air quality from indirect GHG emissions as result of 
energy consumption by outdated and to some extent inefficient water 
supply facilities (i.e., WTPs, PSs) related equipment such as pumps, 
aerators, etc. 

With regards to climate change vulnerability, Jordan has experienced high 
rates of population growth in recent decades which was further 
exacerbated by the unfolding of the Syrian refugee crisis since 2011 that 
created real emergency conditions, especially in Northern Jordan. It is 
understood that water demand has jumped by additional 21% across 
Jordan and 40% in the Northern Governorates. 

Water scarcity and management remains the most pressing issue in terms 
of climate vulnerability, as temperatures are forecast to increase every year 
[3] and groundwater levels are declining by as much as 12 meters per year 
[4]. 

While more than 98% of the population has access to an improved water 
source, only 93% access a safely- managed source and 86% to a piped 
network. In urban areas, water is usually available once a week, but less 
than once every two weeks in rural areas, with reduced frequency during 
the summer [5]. The occurrence of frequent droughts and adverse climate 
change effects will drive climate displacement towards the capital city of 
Amman as more secured water sources are existing. As such, migration 
from rural to urban areas was expected to increase with an approximate 
15% of the country’s farmers in 2018, who would leave their lands or shift 
their use from agriculture to other uses [6] 

Given these remarks, in the absence of the Project, the pressures 
stemming from climate change are likely to increase over time and 
multidimensional vulnerabilities such as water scarcity, constrained 
agricultural and economic growth, and increased food insecurity and 
desertification will continue to prevail despite the efforts of GoJ to adapt to 
climate change. Further, in the absence of the Project, the vulnerability of 
the existing water supply infrastructure to the inevitable climate change and 
associated risks would continue to be high, whereas their resilience would 
continue to be diminishing as a result of restricted financial resources. 

Surface Water and 
Groundwater 

Jordan relies to aquifers, located in twelve main groundwater basins, to 
provide the country’s needed water supply. Most of Jordan’s water supply 
(around 59%) is extracted from 10 renewable and two non-renewable 
groundwater basins. Over-extraction of these basins is currently 160% and 
123% of safe yield, respectively [4]. It is understood that of Jordan’s 12 
groundwater basins, 10 are being pumped at a deficit and groundwater is 
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Environmental/Social 
Theme 

Likely Evolution Without the AAWDC Project 

being extracted almost at twice the replenishment rate. In the absence of 
the Project, the existing groundwater resources will continue to be 
dramatically overexploited which ultimately would lead to their depletion. 

Biodiversity, Flora, 
and Fauna 

Without the implementation of the Project, the biodiversity, flora, and fauna 
of the target regions, including protected sites, habitats, and species, would 
continue to exist in much the same pattern, abundance, and density as 
today.  

Population and 
Human Health 

Without the Project, it could reasonably be argued based on historical 
trends to date that the existing water supply infrastructure would not cope 
with increasing water demand, which was further exacerbated by the 
COVID-19 outbreak, resulting in lack of water and/or inefficient treatment 
and subsequent significant health risks to the population as a result of 
exposure to waterborne diseases. 

In addition, while agriculture is considered as a key sector for economic 
growth in the country, irrigated lands account for only 33% of total cultivated 
area but still consume around 65% of total available water and provide only 
around 19% of Jordan’s food requirements [7]. The projected water deficit 
would, therefore, put this value chain at stake and result in economic 
impacts on agriculture due to the continuing soil degradation, the inability 
to expand the cultivation of crops, including export crops, and the 
subsequent reliance to food imports. By ensuring drinking water supply 
through a non-conventional water source as seawater, the existing 
conventional water resources could be more effectively managed in 
support of irrigation and subsequent enhancement agricultural practices. 

Cultural Heritage Without the implementation of the Project, the existing cultural heritage 
resources would continue to exist in much the same pattern as today. 

However, tourism is a significant source of income in some of the target 
regions, and tourism is attracted by the country’s cultural heritage. Hence, 
it could be reasonably argued that the lack of sufficient and high-quality 
water supply in these areas would have an impact on local economy due 
to the likely change in tourism trends. 

Landscape and Land 
Uses 

Without the implementation of the Project the land uses in the target areas 
would continue to exist in much the same pattern as today. However, in the 
absence of the Project, water scarcity would continue to exacerbate the 
quality of lands and possibly put in in risk the safety of food production and 
increase the reliance of the country in food exports. 

 
The preceding analysis suggests that if the AAWDC Project is not implemented: 
 

1. Drinking water quality standards will not be met with significant health risks for the population of 
the target regions. 

2. Existing groundwater resources will continue to be overexploited and most likely be depleted. 
3. The existing water supply infrastructure will continue not being able to meet water demand and 

legally required drinking water quality. 
4. The existing water supply infrastructure will continue to be highly vulnerable, with diminishing 

resilience to climate change risks. 
5. Livelihood conditions and public health will continue to be adversely affected due to continuing 

water deficit. 
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Figure 4-3: New Proposed Location of the Intake IPS 

 

Marine Works (water intake and brine outfall systems) 

A potential location for the intake pipe and brine outfall systems was initially proposed in the CDM Smith 
Concept Design and Technical Feasibility Report for the AAWDC Project dated October 2018. As with 
the IPS, this location lies a few kilometres south of Aqaba, within the Aqaba Marine Park and is close 
to the ‘Japanese Garden’ and the ‘Cedar Pride Wreck’, both of which are popular snorkelling and diving 
sites. Two intake depth options were considered in this study; at -50 m and -140 m. In depths down to 
-50 m, an intake structure was reportedly required to be designed with a low water entrance velocity to 
reduce entrainment of fish. Large diameter intake tower/s would be necessary. For large depths, 
classical intake structures were not to be used, as it was considered impossible to assemble such 
structures at -140 m depths and to connect pipes to them. In this case, the intakes would simply be 
open mouth pipes with an end device raising them above seabed. 

It should be noted that experience from major SWRO desalination plants operating in the Red Sea and 
elsewhere in the world suggests that these plants abstract seawater from depths of less than 25 m 
(typically 10-20 m) because this allows the intake tower to be manually cleaned by divers from 
macrofouling by barnacles, seaweeds, etc. The intake pipes themselves have the potential to heavily 
foul with barnacles and will require to be cleaned by divers, despite the use of chlorination for fouling 
control and/or pig cleaning systems. Divers have limited allowed dive time at depths below 30m, which 
makes maintenance of the intake tower and intake pipes potentially hazardous. Given these remarks, 
the ESIA TA team considers that depths beyond -50 m as well as -140 m might not be suitable for the 
operational supply of the Project SWRO plant. This was further assessed and justified under the 
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Figure 4-5: 2nd Proposed Location of SWRO Desalination Plant 
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Figure 4-6: Alternative Alignments around QAIA (Source: CDM Smith) 
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Conclusion 

A summary of the alternative analysis undertaken for these four routes by the design consultant is 
presented below: 

• Alternative 1 is the least expensive but requires expropriation probably through MPWH. 
• Alternative 2 is about 17% more expensive than Alternative 1 and will require expropriation 

through MPWH. 
• Alternative 3 is the most expensive and this is mainly due to the Hijaz Railroad fees. If these 

fees can be waived, this alternative would become attractive. 
• Alternative 4: This alternative will have impacts on traffic, adjacent utilities and commercial 

activities and was not recommended to adopt. 

As a result, Alternative 2 was selected as it had a relatively low cost and did not require significant land 
expropriation. 

4.4. Technology / Process Alternatives 

 Water Desalination Component  

4.4.1.1. Intake and Outfall Systems  

In parallel with the development of this Project ESIA study, the ESIA team worked on the pre-feasibility 
assessment of alternative options related to the marine works for the intake system and the brine marine 
disposal with the aim of recommending a solution that combines the best possible performance from 
an environmental, technical, and financial/economic perspective. It is noted that the Preliminary Design 
for the Intake and Outfall Systems dated September 2021, which will be included in the BOT Tender 
Documentation (RFP) as information only, has already taken into consideration the vast majority of 
ESIA recommendations emanated from the above-mentioned pre-feasibility assessment.    

4.4.1.1.1. Intake System 

More specifically, for the intake system, the following alternative options were examined:  
1. Seawater Abstraction Type  

2. Intake Fouling Control  

3. Intake and Outfall Material  

4. Intake Abstraction Depth  

These alternatives were assessed on the basis of identified constraints for the AAWDC Project and 
recommendations were drawn in terms of technical and environmental advantages and disadvantages 
as well as capital and operational economic considerations.  
Further, for both intake and outfall systems, an assessment was undertaken relative to construction 
materials and in particular (a) High Density Polyethylene (HDPE) with concrete ballast collars, (b), Glass 
Reinforced Plastic (GRP) pipes, and (c) Concrete Tunnels.   
Similarly, these alternatives were assessed on the basis of identified constraints for the AAWDC Project 
and recommendations were drawn in terms of technical and environmental advantages and 
disadvantages as well as capital and operational economic considerations.  
The following tables provide a concise overview of the key advantages and disadvantages and resulted 
recommendations thereof vis-à-vis the identified AAWDCP constraints for each of the above mentioned 
examined alternatives. 
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Table 4-2: Key Advantages and Disadvantages and Recommendations Relative to Seawater Abstraction Type Options 

Intake Towers Passive Screens Shore Intake Channel 
Key Advantages: 
The key advantage of intake towers is that they 
have so many references for SWRO projects. With 
only a few exceptions, the vast majority of large 
SWRO projects use velocity cap towers for 
seawater extraction. Typical examples of such 
SWROs which are sized over 100,000 m3/d are: 
• All the Australian SWRO projects: Brisbane, 

Perth 1 & 2, Sydney, Melbourne, Adelaide. 
• All the Algerian SWRO projects: Hamma, 

Magtaa, Mostaganem, Beni Saf, Skidda, 
Hounaine,  

• All the Israeli SWRO projects: Ashkelon, 
Hadera, Sorek, Ashdod, Palmachim. 

Key Disadvantages: 
The key disadvantages of intake towers with 
regard to the identified AAWDCP constraints are: 
• Operational: The screens need to be cleaned 

by divers on a regular basis to remove 
seaweeds, barnacles and mollusks. This 
requires the intake tower to be located in water 
with depth of preferably less than 20 m to allow 
enough dive time for the divers to clean the 
towers. 

• Operational: The towers need to be adapted for 
the pigging system of the intake pipes. Pigging 
systems used must not discharge the removed 
shell debris from the intake pipes into the 
tower. 

• Construction: Intake tower structures become 
very large for mega sized SWRO desalination 

Key Advantages: 
The key advantages of using passive screens are: 
• Environmental:  The screens because of their 

smaller aperture (5mm) will exclude more 
marine fauna from entrainment compared to 
75-100mm aperture screens of an intake tower 
solution. 

• Environmental: No requirement for land 
disposal of screenings.  

• Construction: The screens can eliminate the 
need for fine screening on the shore which are 
normally used to protect the intake pumps and 
the SWRO pretreatment. This provides some 
room for additional equipment, although air 
blast compressors and receivers will need to 
be provided. There is potential to direct couple 
the intake pumps to the intake pipes, and 
eliminating the wet well of an intake pump 
station entirely.  

• Construction: No need for very large and heavy 
concrete intake towers and their extremely 
heavy lift capacity requirements, the passive 
screens can be attached to the top of the intake 
pipes. 

• Operational: Less vulnerable to jellyfish 
swarms blocking screens because it can use 
air burst facility to remove jelly fish. 

Key Disadvantages: 
• Environmental: The copper is toxic to the 

marine life hence, this is why it is effective for 
inhibiting marine fouling, but it also gradually 

Key Advantages: 
• Construction: No intake pipes or intake towers 

are needed; this is a major consideration in 
e.g., the UAE where it can require distances 
from the shore of greater than 6 km to achieve 
seabed depths of equal or greater than 10 m 
which are typically used for seawater intake 
towers. This is not an advantage for the 
AAWDC project where seawater depths of 
equal or greater than 12 m can be achieved at 
distances of approx. 140 m from shore.  

• Operational: Cleaning of intake screens and 
intake pipes is not required, however 
accumulated sand/ silt still will need to be 
removed from an intake channel by periodic 
dredging.   

• Environmental: Less excavation is required 
than that of an intake tower solution. The 
excavation for the intake channel will be similar 
to that required just for the surf zone of an 
intake pipe solution. 

Key Disadvantages: 
• Operational: Very serious risk of hydrocarbon 

oil pollution at this location due to the 
phosphate loading ships and from other 
shipping traffic passing along the part of the 
gulf of Aqaba. This is a critical issue for a shore 
intake.  

• The SWRO plant could incorporate Dissolved 
Air Floatation (DAF) in the pre-treatment step 
for some oil removal; however DAF technology 
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Intake Towers Passive Screens Shore Intake Channel 
plants. These need special heavy lifting barges 
and multiple towers are needed to reduce 
individual tower size for the largest SWRO 
plants.  

• Operational: The large apertures of tower face 
screens can allow jelly fish to enter, if there are 
jelly fish swarms then these can block the fine 
screens on shore. Mitigation for jelly fish can be 
achieved by using temporary nets or air bubble 
curtains around the intake towers. 

Recommendations: 
A velocity cap tower intake solution is the most 
widely adopted and proven solution for SWRO 
seawater abstraction. The operation of such a 
tower is considered to be pre-feasible provided the 
following conditions are achieved: 
• The intake tower shall be located at a seawater 

depth of equal to or greater than 12 m.  
• The intake window lower sill shall be at least 3 

m above the seabed to minimize sand and silt 
entrainment. 

• The top of the intake tower window shall be at 
least 5 m below the seawater surface (MSWL) 
to minimize the potential of the entrainment of 
surface pollution, particularly oils.  

• In addition, for environmental protection, the 
following shall be achieved: 
- A horizontal velocity cap design type of 

intake shall be selected (if intake tower is 
used). 

- The through screen velocity shall be less or 
equal than 0.15 m/s with all intake towers in 

corrodes and enters the marine environment in 
small quantities, which is not desirable.  

• Operational: Because of the gradual corroding 
screens mesh material of the passive screens, 
it should be anticipated that the passive 
screens may need replacement during a BOT 
scheme SWRO concession life.  

• Operational: Additional diver cleaning of 
screens would be anticipated for these 
screens, more than would be anticipated for 
velocity cap screen designs.  

• Operational: The pigging arrangements are 
more complicated and time consuming, as it 
more difficult to isolate each passive screen 
from the intake manifold pipe.   

• Operational: A 200 mm, HDPE Air blast 
pipework needs to be provided and maintained 
externally of the intake pipe for each of 9 to 14 
or more screens or alternatively an underwater 
electrically actuated valve is provided for each 
screen from a common air blast cleaning pipe 
system  

• Operational: An exclusion zone must be 
provided above passive screens because the 
air blast system when active would remove the 
buoyancy of any boat.  

• Construction: Residual air entrainment from 
the air blast cleaning into the intake pipe needs 
to be designed to be avoided or released to 
prevent reduction in hydraulic capacity of the 
intake pipe. Air entrainment would be 
particularly important if the intake pumps are 
directly coupled to the intake pipes.  

suppliers do not guarantee performance for the 
removal of oils.  

• Operational: Shallow intake channels 
abstracting water at the shore will be likely to 
have higher suspended solids from seabed fine 
sand and silt.  

• Operational: If there are jelly fish swarms then 
these can block the fine screens on shore. 
Mitigation for jelly fish can be by using 
temporary nets or air bubble curtains around 
entrance of the intake channel. 

• Due Diligence: Lack of reference of SWRO with 
shore intake channels with no DAF. This is a 
critical issue for a shore intake solution 
selection. 

Recommendations: 
A shore intake channel is not recommended for the 
AWDDC project for the following reasons: 
• There is high a risk of oil surface contamination 

of the seawater from the top surface layer of 
seawater. This could cause large loss of 
availability. This is of particular risk at this 
location due to the proximity of the phosphate 
loading ships and power plant oil transfer jetty.  

• There is, at this time, a lack of operation 
references of large SWRO plants with shore 
channel intakes. There are only two major 
plants, both in the UAE, that are constructing 
shore intake channels. However, these plants 
also use Dissolved Air Floatation before dual 
media filtration (DMF). Most of the large BOT 
SWRO projects in the Red Sea are using only 
single stage DMF with no DAF. 
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Intake Towers Passive Screens Shore Intake Channel 
service, the screens clean, and at the 
ultimate SWRO capacity of 300 MCM/y. 

- The intake screens shall have an aperture 
hole size of less than or equal to 75mm. 

- For protection against hydrocarbons spill 
events, an oil detection system and an 
alarm system should be installed at the IPS 
or intake towers seawater quality monitoring 
buoy. The plant should subsequently shut-
down when the set alarm level is reached. 
In addition, a floating barrier should be 
installed around the intake towers. 

• Operational: Passive screens normally require 
currents of 0.30 cm/s to effectively carry away 
the screenings debris; such currents may not 
be reliably and constantly available at the 
AAWDC marine location. However, the 
screens could potentially be located where the 
seabed bathymetry starts to become steep, 
this should allow the screens to disperse by 
gravity downslope. From the bathymetry, a 
suitable location is where the seabed is 15 m 
water depth or deeper. 

Recommendations: 
The use of passive screens is considered to be 
also pre-feasible and shall be allowed to be offered 
by BOT Developers because it offers the potential 
to eliminate shore screening and also possibly 
direct intake pump coupling to the intake pipes, 
which could give a developer flexibility of footprint 
within the intake pump station. However, the sea 
current velocities in the area are low and the BOT 
Developers shall satisfy themselves with the 
passive screen suppliers that the currents are 
sufficient with the steep bathymetry of the intake 
location selected by the Developer to remove the 
screenings released by air blast cleaning systems. 
If passive screens are to be provided, then they 
shall have the following features: 
• Aperture size shall be less than or equal to 5 

mm. 
• Through screen velocity shall be less than or 

equal to 0.15 m/s with all screens in service 
and at the ultimate SWRO production capacity 
of 300 MCM/y. 
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Intake Towers Passive Screens Shore Intake Channel 
• Copper nickel alloys shall be used for mesh 

material, which inhibits marine biofouling. 
• Ability to air blast each passive screen 

automatically and individually shall be 
provided. 

• Means to isolate passive screens from intake 
pipes when an intake pipe is being pigged shall 
be provided if pigging is selected for intake 
pipes macrofouling control. 

• Passive screens shall be located where the 
seabed depth is at least 15 m so that the 
screenings can disperse away downslope.  

• The bottom of the screen must be at least 3 m 
above the seabed to minimise sand and silt 
entrainment. 

• The top of the intake screen should be at least 
5 m below the seawater surface (MSWL) to 
minimise the potential for entrainment of 
surface pollution particularly hydrocarbons. 
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Table 4-3: Key Advantages and Disadvantages and Recommendations Relative to Intake Fouling Control Options 

Continuous Chlorination Shock Chlorination  Pigging Systems 
Key Advantages  
Continuous chlorination is a very effective method 
to maintain the hydraulic capacity of an intake pipe 
system. 
Key Disadvantages  
• Operational: Continuous chlorination results in 

the generation of readily biodegradable 
substrate from organic material in the sea. This 
results in very fast biomass growth on RO 
membranes referred to as RO biofouling and 
this requires very frequent RO CIPs and faster 
replacement of the RO membranes. 

• Operational: Intake pipes shall be designed 
with a means of pipe cleaning in the case that 
inadequate chlorine dose has been used. 
Higher continuous dosing of chlorine dosing 
will kill but will not remove barnacles that have 
already been developed.  

• Environmental: Chlorination results in the 
generation of mutagenic disinfection by-
products (THMs), which end up being 
discharged to the sea. Chlorination should be 
avoided if this is technically possible. 

• Operational: Salt would be needed for the 
electrolysis and not seawater, to prevent 
scaling of the dosing line to the intake towers.  

• Economic: Power plant continuous chlorination 
facilities typically use seawater electro-
chlorination. These facilities have significant 
capital cost of magnitude of 3-5 million USD at 

Key Advantages  
• Operational: Less formation of readily 

biodegradable organics over continuous 
chlorination therefore lower biofouling of the 
RO membranes. 

• Operational: Lower consumption and storage 
of chlorine.  

• Environmental: Less generation of unwanted 
THMs.  

Key Disadvantages  
• Operational: The process does not stop the 

development of barnacles and other foulants, it 
only slows down their growth. The intake pipes 
will need eventually to be cleaned by divers or 
by pigging.  

• Environmental: THM formation and their 
discharge with the brine is still present albeit in 
lower quantities than continuous chlorination. 
This a very considerable environmental 
negative impact of chlorination irrespective of 
its type (continuous or shock).  

• Construction Footprint: Large quantities of 
sodium hypochlorite or chlorine gas have to be 
stored on site at the intake pump station area. 
This is difficult to accommodate with the limited 
footprint available, and chlorine gas has 
safety/security concerns considering that the 
intake pump station is located remotely from 
the main SWRO facility.  

• Operational and Environmental: Liquid 
hypochlorite dosing generally uses carrier 

Key Advantages  
• Operational Availability: Mandrel pigs have 

proven to be very effective at restoring lost 
intake hydraulic capacity due to barnacle 
fouling for SWRO intakes (Ashkelon, Hadera, 
and Ghana).  

• Environmental: Can avoid the use of chlorine 
entirely for the intake pipe fouling control. Can 
avoid the generation of chlorine generated 
THMs.  

• Operational and Environmental: Can avoid 
large high purity hypochlorite storage.  

Key Disadvantages  
• Construction: Shore facilities to launch the pig 

are needed such as 5-10 ton crane for pig and 
launcher and motive pipe work from the intake 
pumps. Such cranes are, however, commonly 
provided for intake pump stations anyway.  

• Operation: Potential loss of availability if no 
source of motive seawater provided in design 
to push the pig. However, two intake pipes 
could be allowed to operate with high velocity 
(and associated higher head loss) to provide 
full production capacity and motive supply for 
pigging.  

• Operation: Divers are needed on shore and in 
the sea during pigging operations for the 
following activities: i) attach pig launcher to 
intake pipe; ii) connect motive pipework to the 
pig; iii) open pig outlet in the sea; iv) close 
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Continuous Chlorination Shock Chlorination  Pigging Systems 
this scale, and consume power, salt, and 
permeate. 

 
 
 

water. However, when seawater carrier water 
is used, the high pH of the hypochlorite causes 
scaling of the dosing pipe. RO permeate is 
usually needed as carrier water; this will not be 
available because the SWRO plant is 3 km 
from the intake pump station. High purity 
hypochlorite would need to be dosed.  

• Environmental: The small dosing pipelines of 
neat hypochlorite can be vulnerable to damage 
and leak to the marine environment. This 
should be mitigated with double containment of 
the dosing lines.  

• A shock chlorination regime would slow the 
rate of macrofouling of the intake pipes but it 
should be anticipated that pig/manual diver 
cleaning of the intake pipes would still be 
required every 1 to 3 years or more frequently. 

intake tower sea inlet pipe; v) retrieve pig from 
the sea; and vi) remove pig launcher. 

• Environmental: When a pig exits the intake 
pipe it pushes out into the sea the marine 
barnacles/ mollusks wall slime, etc. that have 
been scraped off the inside pipe wall; this 
causes a spike of silt/shell debris turbidity in a 
small region of the exit area of the pig. This 
material settles very quickly (in 15-30 mins) 
and water clarity is restored. Because of the 
short duration, this not considered as a 
significant environmental concern. 

Recommendations for Intake Fouling Control 
• Chlorine used for pre-treatment and the intake pipelines barnacle fouling protection shall be avoided by the Project if it is technically and long term 

operationally possible to maintain the intake pipeline hydraulic capacity by other methods such as diver’s manual cleaning and/or mechanical pigging. 
This is to prevent chlorinated disinfection by products such as Trihalomethanes (THMs) entering the marine receptor with the brine. It shall be noted that 
although residual chlorine itself can be eliminated from the brine at the SWRO plant by using de-chlorination chemicals such as Sodium Bisulphite (SBS), 
the use of chlorine generates carcinogenic by-products THMs which cannot be eliminated from the brine with dechlorination through SBS and would end 
up discharged into the marine environment with the RO brine. 

• If chlorination is technically deemed essential for intake pipeline macrofouling control, full de-chlorination of any shock chlorinated, or continuous 
chlorinated, or pulse chlorinated seawater shall be carried out before it is allowed to discharge to the bulk brine flow for outfall disposal. A zero-chlorine 
residual shall be achieved before discharge to the outfall. 

• THMs should be monitored daily if chlorine is used for intake fouling control. An end-of-pipe standard for THMs shall apply to read ‘Zero increase 
above limit concentration’. Where the limit concentration for THMs will be the ambient measured THMs concentration multiplied by the plant 
concentration factor (at overall recovery). 
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Table 4-4: Key Advantages and Disadvantages and Recommendation Relative to Water Abstraction Depth Options 

Seabed depth: - 144m Seabed depth: at -12m to -20m 
Locating the seawater abstraction at the seabed depth of -144 m was 
considered for the RSDS project to reduce plankton entrainment. This depth 
is not considered pre-feasible for the AAWDC Project due to the following 
considerations: 
• The intake tower screens must be cleaned of macrofouling regularly by 

plant operations. This cannot not be achieved safely at depths of -144 m 
without the use of very specialized deep saturation divers equipped with 
support ships. This is a critical feasibility issue.  

• The intake pipelines must be capable of being cleaned of macrofouling 
(barnacles/mollusks, etc.). The use of continuous chlorination to prevent 
macrofouling can fail due to underdosing chlorine and scaling of dosing 
lines. All intake pipe lines must have procedures to manually or pig clean 
intake pipes of macrofouling. It is considered that it is not safe to do so 
even with use of saturation divers because they would have to enter 
confined space pipes at extreme depths for potential manual cleaning or 
stuck pig retrieval. This is a critical prefeasibility issue.  

• Most desalination plants have intakes with seabed depths of 10-20 m, 
there are no SWRO plants with intake depths > 30 m. The construction 
and operation of such large intake pipe pipes and intake towers at these 
extreme depths of -144 m have never been done before. Such extreme 
construction and operational risks without references would not be 
considered as technically credible by lenders technical advisors, and 
would fail technical due diligence for project investment. This is critical 
prefeasibility issue. 

• The location of the intake at -144 m will require 650 m of trench with 12-
15 m bottom width be excavated. Such a long deep trench will be more 
destructive to the seabed flora and fauna than a shorter intake solution in 
shallower water depths. 

• Building a tower at the 120-140 m option is not considered possible, which 
may allow large organisms to enter the intake pipelines resulting in both 
environmental loss and operational problems. 

Locating the seawater abstraction at a seabed depth of at least -12 m 
provides a pre-feasible solution for the seawater supply of the AAWDCP 
SWRO plant that respects the physical and environmental constraints of the 
project location. 
The key benefits of depth at ≥ -12m seabed location are:  
• Good seawater quality is available at a short distance of 140 m from the 

shore where the seabed depth is at least -12 m. 
• The short intake location reduces the intake pipe trench requirements for 

the intake and thus resulting in less disturbance of the benthic community. 
• Due to natural marine stratification effects of nutrients in the area, the 

shallow depth location has relatively reduced algae productivity in the 
summer months compared to deeper water.  

• The intake towers and intake pipes are at depths that can allow divers to 
have long dive durations for operational cleaning and maintenance 
without the need for decompression stops.  

• The short intake location avoids the path of docking phosphate ships, this 
facilitates construction and ensures operational safety.  

• Relatively flat ground is available for construction of the large intake 
towers, thus reducing disturbance of the seabed.  

• Large desalination plants with abstraction depths of ≥ -12 m have many 
references. 
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Seabed depth: - 144m Seabed depth: at -12m to -20m 
Environmental Considerations: 
• Plankton entrainment including Coral Larvae: Both options will have negligible impact on a Gulf scale. Locally, both options will result in 

minimal plankton entrainment as compared to any depth in the range 30-100 m. Mitigation of Coral Larvae entrainment at Depth 10-20 m is 
simpler and more practical than at 120-140 m depth. 

• Dredging through reef structure and bottom habitat disturbance: Evidently, the deeper seabed depth option will result in increased dredging 
through reef structure and subsequently increased bottom habitat disturbance. 

• Primary Productivity: Both options will have negligible impact on a Gulf scale. Locally, the 120-140 m depth option will result in higher loss of 
nutrients from the relatively nutrient rich layer just below the euphotic zone, which feeds nutrients to the bottom of the euphotic zone during 
the summer stratification conditions. The upper 20 m of the water column is almost depleted of nutrients during the summer stratification 
period. During winter mixing the two options have similar impact. 

• Larger species entrainment: The 10-20 m option will allow building an intake tower which will be designed to deter and repel fish from entering 
the intake pipeline. Building a tower at the 120-140 m option is not considered possible, which may allow large organisms to enter the intake 
pipelines resulting in both environmental loss and operational problems. 

Environmental Remarks: 
• The AAWDC Project differs considerably from that of the RSDS concept. The intake for the RSDS was from a gently sloping natural habitat at the northern 

tip of the Gulf of Aqaba while the AAWDC concept intake is at steeply sloping urban habitat at the Industrial Ports Area on the southern end of the 
Jordanian sector of the Gulf. Seawater abstraction for the AAWDC Project when operational at full capacity will be approx. 2,5 times less than that planned 
for the RSDS.    

• On the Gulf of Aqaba scale seawater abstraction for the AAWDCP is expected to have no significant impact on larvae entrainment or on the heat flux. 
This is best understood by appreciating that flows in the Gulf from the Red Sea exchange a seawater volume several orders of magnitude larger than 
what would be induced by flows due to abstraction. Also expected larval mortality due to entrainment in the desalination intake is orders of magnitude 
smaller than any actual existing rates of natural mortality or growth resulting from the prevailing biological and ecological factors.   

• The Gulf of Aqaba has very distinct characteristics of a deep light irradiance field, presenting a deep mixed water column during winter and spring and 
strong stratification during summer, pushing most of the biological productivity of the water column to the bottom end of light field depth. It is difficult to 
prove that a deep-water intake (120–140 m), with all its deterring cost and difficulties in operation and with all its technical difficulties to construct and to 
operate, would result in significantly less larvae entrainment than a shallow intake (10-25 m). Coral larvae entrainment in a shallow intake of less than 
20m depth can be much more easily mitigated for than a deeper one sited at more than 120 m depth.   

• Modelling involved in suggesting a deep-water intake due to time pressure was not completed nor well calibrated and needed to be revised. Alternative 
modelling was conducted in 2017, but not included in the final RSDS ESIA study produced in June 2018. The final RSDS ESIA study indicated that the 
new modelling suggested alternative intakes at 50 m and 70 m, which were as suitable as the 120m intake, concerning plankton entrainment. The study 
also stated that it needed to be updated after the alternative modelling results are reviewed and cleared. If an intake at 50 m or 70 m is as effective as 
the 120 m intake, any shallower intake should also be. This is because plankton concentration is almost homogeneous from the surface to at least below 
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Seabed depth: - 144m Seabed depth: at -12m to -20m 
200 m during the mixing period of the Gulf of Aqaba, as well documented in the international literature and demonstrated in this Report. During the 
stratification period, plankton concentration decreases significantly in the upper mixed layer (above 20 m) and exhibits a peak deeper than 30m, mainly 
between 50 m to 100 m depth. 
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Table 4-5: Key Advantages and Disadvantages ;and  Recommendation Relative to Intake and Outfall Materials 

HDPE Pipes GRP Pipes Concrete Tunnels 
Key Advantages: 
• Economic construction: The pipes have a high 

degree of flexibility allowing the pipes to be sunk 
into a prepared trench in steep seabed 
gradients. HDPE intake and outfall pipes can 
sometimes be laid directly onto the seabed or in 
shallow trench with correct ballast supports; it is 
often not essential to fully bury them except in 
the surf zone near the shore. The outfall pipe will 
need to traverse ground of very extreme slopes 
of up to 1:1, this outfall HDPE pipe work may 
need to be fully buried, and other ground 
anchoring methods may be needed.  

• Operation availability: Very good resilience to 
earthquakes. 

• Operation availability: Long strings of 300 m can 
be produced in factory with no mechanical 
connections. These will have lower risk of 
breakage during plant operation under seismic 
events and during pigging. Notably, in 
September 2020, 12 number 2.3 m OD pipes 
with lengths of 500 m-620 m passed through the 
Suez Canal on route to Bangladesh.  

• Environmental: Could be laid in deep water with 
a shallow trench with reduced excavation 
compared to full depth buried GRP pipe.  

• Operation availability: Solid wall type HDPE 
have a proven record for pigging cleaning with 
mandrel type pigs. 

Key Disadvantages: 

Key Advantages: 
• Construction: Very large diameters can be made 

available locally from Saudi Arabia (up to 4m ID).  
• Construction: No concrete collars are required to 

sink the pipe. 
Key Disadvantages: 
• Construction: Pipes must be fully buried and the 

backfilling compacted properly to prevent any 
movement of the pipe.  

• Operational: GRP pipes do not have a history of 
marine pigging on SWRO desalination plants with 
large mandrel type pigs. ESIA team considers GRP 
flexible joints to be at risk of separation during a 
pigging event. Soft foam pigs may have been used 
on some power plant GRP intake pipes but these 
are not very effective for barnacle removal.  

• Operational: Joints that are made in the sea cannot 
be tested on land. Failure in service during a 
pigging event by operations is increased.  

• Operational: It is considered that there is significant 
risk of pipe separation at joints during earthquake. 
This is of particular concern given the very steep 
seabed required to be traversed for the outfall.  

• Construction: More demanding trench bedding and 
backfilling quality control requirements needed 
compared to HDPE. 

• Operational: Pipes are brittle and more subject to 
impact damage than HDPE and reverse impact 
cracking leading to softening of the fibres and pipe 
failure. 

Key Advantages: 
• Construction: Marine sea and weather 

conditions do not impact the schedule 
installation of intake and outfall pipes. 
This is not a factor for consideration given 
the calm low current waters of AAWDC. 

• Environmental: Shoreline flora not 
disturbed, there would be considerable 
disturbance for the excavation needed to 
remove the tunnel bore machines from far 
below the seabed. 

Key Disadvantages: 
• Operational: It is considered that shallow 

marine concrete tunnels are vulnerable to 
damage from a major seismic 
earthquake. Repair of such marine 
tunnels after an earthquake may not be 
possible with potential for complete loss 
of plant availability.  

• Construction: There is not sufficient shore 
footprint available for the launch shaft, 
and tunneling facilities needed such as 
excavations separation and pipe storage.  

• Construction: Tunneling solutions have 
potential ground risk issues that the 
developers cannot mitigate without 
extensive time-consuming marine ground 
investigations.  

• Economic: Tunnel intake solutions are 
normally the most capital-intensive intake 
solution with costs circa 2-3 times that of 
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HDPE Pipes GRP Pipes Concrete Tunnels 
• Construction Quality: Welding of pipe sections 

onsite requires skilled operation and quality 
control. The use of long strings that are factory 
welded and towed to site should be preferred. 
This is particularly important where pigging 
operations are intended where joints are 
potential points of weakness and should be 
minimized if possible.  

• Construction footprint: Welding strings of HDPE 
pipe on site requires large footprint availability 
for construction. This footprint is not available at 
the IPS site.  The HDPE can however be 
supplied from the factory HDPE pipe string 
towed to site which would eliminate any need to 
construct long HDPE strings on shore 

HDPE/GRP pipe in trench solutions for 
large capacity SWRO plants. 

• Environmental: The excavated material 
separation plant from the drilling slurry 
fluid requires a large footprint, which in 
addition to footprint of tunneling 
excavation shaft and operations would be 
difficult to accommodate on the allocated 
pump station location while pump station 
construction was also occurring. 

Recommendations: 
Intake pipeline material 
The pipe material that is considered pre-feasible is HDPE. The core reasons are: 
• The intake pipe must be designed to be suitable for pigging. Solid wall HDPE pipes have been proven to be suitable for pigging. 
• HDPE pipe have proven to be very resilient to earthquakes.  
• The pipes do not need to be fully buried; this reduces the environmental impact of excavation. 
 
GRP pipes are not considered suitable for this intake application for the following reasons: 
• There are major concerns that the GRP pipes could separate at the joints during an earthquake and would be difficult to repair because they will be fully 

buried. This would cause a major and long duration loss of product water availability. 
• GRP intakes are considered high risk for intake pigging with mandrel pigs. Manual cleaning of the pipes will result in excessive loss of availability, soft 

foam pigs were not shown to be as effective as mandrel pigs. 
 
Outfall pipeline material 
The use of the HDPE pipes is considered preferable for the outfall pipes and is likely to be more favorable than a GRP solution because the seabed slope is 
very steep and the HDPE pipe is more flexible than GRP. However, GRP pipe solutions for the outfall shall be allowed to be offered by BOT Developer.  
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HDPE Pipes GRP Pipes Concrete Tunnels 
Concrete marine tunnels are not considered feasible for the intake or outfall pipelines due to: 
• Suspected vulnerability to earthquakes, and inability to repair damaged marine tunnel.  
• Lack of the shore footprint to allow the tunnel launch shaft /facilities and pipe storage. 
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Figure 4-7: ESIA Pre-feasible Intake and Outfall Locations – Diffusers Manifold Parallel to the Shore 

 
Figure 4-8: Layout of Marine Works as per the Preliminary Design Dated August 2021 – Diffusers Manifold 

Perpendicular to the Shore [8] 
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Conclusively, it is noted that the BOT Developer’s detailed design shall be allowed to select (a) specific 
locations for the intake and outfall pipes; (b) intake tower sizes, (c) pipe sizes, (d) diffuser number and sizes 
and respective works provided that the Project constraints in Section 2.9.2.1 of the Project ESMP appended 
as a standalone document to this ESIA study are accounted for and all requirements in Section 2.9 of the 
Project ESMP are achieved. 

4.4.1.2. SWRO Desalination Plant  

Seawater desalination is a worldwide acknowledged means of dealing with natural water resource scarcity and 
satisfying increased water demand, with a long history in Middle East and Mediterranean countries, and 
continuously expanding capacities in the coastal areas of the Middle East Northern Africa (MENA) region, 
United States, Australia, and European countries.  

The desalination technology to be used for potable water production under the AAWDC Project has been 
agreed and fixed among the key Project stakeholders. Seawater Reverse Osmosis (SWRO) was preferred 
over thermal desalination, given (a) the gradual preference of the SWRO over the thermal desalination 
processes in recent years due to its lower capital and operating cost and improved environmental footprint, 
and (b) the importance and high ecological value of the ultimate receptor, i.e., the Red Sea.  

It is noted that for the purposes of conducting the conceptual / preliminary design for the AAWDC Project, 
which will be procured under a BOT scheme, the assigned Project design team (CDM Smith) studied different 
process alternatives for the target SWRO desalination plant in order to select preferred treatment option(s).  

The SWRO treatment involves three (3) key process areas, namely pre-treatment systems, RO systems, and 
post-treatment systems with the following operational characteristics:  

• Pretreatment: The pretreatment system aiming at ensuring that high quality water is fed to the RO 
system, in order to protect the RO membranes from accelerated fouling, breakage or obstructions, 
allowing for optimized performance of the membranes. Hence, pretreatment focuses on the removal 
of particulate, colloidal, organic and microbial foulants existing in the feed water.  

• RO System: The main target of the RO system is to reduce the concentration of dissolved solids from 
the seawater, including TDS, sodium, chloride, and boron, among other constituents. To achieve this 
separation, water is pumped at high pressure through semipermeable membranes in the RO system, 
producing a high purity permeate for use, and a concentrated brine stream for disposal.  

• Post-treatment: This system serves to provide disinfection and stabilisation of the RO permeate, 
increasing the pH, hardness, and alkalinity and producing a finished water that continues to meet 
drinking water standards throughout the transmission and distribution systems.  

In outline, the examined process alternatives per key process area involved the following:  
1. Pre-treatment 

The following technologies were examined for the clarification process step that might be needed prior to 
filtration: 

• Sedimentation; and 

• Dissolved Air Flotation (DAF) 

The assessment concluded that in locations where there is a low probability of red tide occurrence (i.e., harmful 
algal blooms), such as the Gulf of Aqaba, and relatively low concentrations of suspended solids and silts, the 
pretreatment can be designed with no clarification process step and rely solely on a direct filtration step 
upstream of the RO system. 
Further, the following technologies were examined relative to the filtration process step which is needed prior 
to the RO system to remove particulate, colloidal and some of natural organic matter present in seawater and 
protect the RO membranes from fouling. 

• Microfiltration/ultrafiltration (MF/UF) membrane filtration; and  

• Granular media filtration (gravity and pressurised filters). 
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The assessment concluded that the gravity filtration and membrane filtration are both acceptable pretreatment 
options for the AAWDC Project.  
The BOT developers will be allowed to include either of these options (gravity filtration, membrane filtration, 
and dissolved air flotation) as pre-treatment process step in their detailed design.  

2. RO system  

A typical RO system comprises a high-pressure pump (HPP), RO skids, and energy recovery system. The 
following options were examined for the RO units: 

• Single pass RO  

• Two pass RO  

The assessment concluded that based on preliminary projections of boron removal and current Jordanian 
Drinking Water Standards, a single pass RO configuration can achieve the set drinking water standards, is 
easier to operate, and is much lower in CAPEX and OPEX than a two pass RO system.   
Regarding the energy recovery system, two technology types were assessed:  

• Isobaric ERD Systems, and   

• Centrifugal ERD Systems (Turbocharger)  

The assessment of advantages and disadvantages suggested that the isobaric PX system is preferable to be 
used as the energy recovery system for the purposes of the Project due to its higher efficiency compared to 
the turbocharger, which will result in significant OPEX savings for the target capacity SWRO desalination 
plant.  

3. Post-treatment  

The post-treatment process step comprises remineralization, pH adjustment, and disinfection of desalinated 
water to achieve the legally required treated water quality standards and to protect the integrity of the water 
conveyance system.  
The following remineralization and pH adjustment alternatives, which are typically used to the majority of 
SWRO desalination plants worldwide, were assessed:  

• CO2 + Lime slurry dosing; and  

• CO2 + Calcite contactors.  

The assessment of advantages and disadvantages suggested that calcite contactors are preferred as a 
conservative planning solution over the lime saturators despite their higher CAPEX and larger footprint. This 
is because they are a proven technology, with lower O&M costs and easier operation, that produces more 
stable finished water quality with lower turbidity levels.   
Regarding disinfection, the following technology options were assessed:  

• Use of chlorine gas  

• Use of sodium hypochlorite  

The assessment concluded that the use of chlorine gas, complemented with pollution prevention equipment 
and emergency response procedures and equipment, is preferred to the use of bulk sodium hypochlorite 
solution at commercial concentrations, due to the availability and lower price of chlorine gas in Jordan, and 
inherent risk of sodium hypochlorite to decompose when exposed to elevated temperatures and sunlight. 
However, both options are technically acceptable and the BOT developers will be allowed to include either 
option in their detailed design.  
Conclusively, it is noted that the BOT Developer’s detailed design shall be allowed to select between various 
process configurations provided that the requirements set out in this ESIA study and its associated Project 
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Figure 4-11: Characterization Graph for Life Cycle Comparison for all Piping Materials, b) Single Score 

Graph for Life Cycle Comparison for all Piping Materials. [10] 
Another study conducted a LCA on six commonly used types of water and wastewater pipe materials namely 
PVC, DI, cast iron, HDPE, concrete, and reinforced concrete or PPCP to assess their impacts in terms of GWP 
during the different phases including pipeline production, transportation, installation, and use. The GWP values 
in units of equivalent CO2 emissions per km of pipeline were compared for the six pipeline types. The results 
indicated that DI pipes contributed the greatest addition to GWP among the six kinds of pipe materials. 
Concrete pipes had the lowest GWP, despite the energy demand associated with cement production. The 
results also indicated that HDPE contribute to GWP more than reinforced concrete [12]. 

Table 4-6: Summary of Phase-Dependent and Total GWP per km of Different Pipeline Materials. [12] 

Pipe Materials 
(12-in pipe) 

Total GWP 
(103 kg CO2/km) 

Production Phase 
(103 kg CO2/km) 

Installation Phase 
(103 kg CO2/km) 

Transportation Phase 
(103 kg CO2/km) 

PVC 318 215 2.81 0.26 
Dutile Iron 472 468 3.28 0.88 
Concrete 68.3 63.1 2.91 0.26 
HDPE 218 215 2.81 0.17 
Reinforced 
Concrete 152 146 2.91 2.47 

Cast Iron 353 349 3.28 0.84 
 

The LCA methodology was also used in a study conducted on five types of pipe materials used in drinking 
water distribution networks. The materials included are PVC, HDPE, DI, fibrocement, and steel and were 
evaluated in the following environmental categories: GWP, Ozone Layer Depletion (OLD), photochemical 
Oxidation (PO), Acidification Potential (AP), Eutrophication (EU) and the Cumulative Energy Demand (CED) 
[9]. The results of this study indicate that during the production phase, PVC pipes produce the least impact in 
almost all environmental categories. In general, HDPE generates similar impacts to PVC and is therefore 
comparable but has slightly higher impacts. Moreover, the results show that DI produce more environmental 
impact in all assessed impact categories except for CED. This is mainly because DI requires more materials 
for pipe manufacturing. As for steel pipes, the same order of magnitude was observed in the GWP category 
as DI pipe material. This was also the case with the CED category whereby the energy demand of DI and steel 
pipe materials are 1,680 MJ and 1,400 MJ, respectively. In addition, the result of the CED shows that the 
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5. Methods  
5.1. Defining the Project Area of Influence 

 General Considerations 

Reference is made to the definition of the Project Area of Influence (PAI) as provided in the EIB Environmental 
and Social Standards, Version 10.0 dated October 2018: 

‘Areas, individuals and communities impacted beyond the footprint of the project or activity by cumulative 
impacts from further planned development of the project or other sources of similar impacts in the geographical 
area, any existing project or condition, and other project-related developments that can realistically be 
expected at the time due diligence is undertaken. In addition to the area of geographical or spatial influence, 
temporal influence should also be determined.’ 

Reference is also made to the definition of the ‘Study Areas’ as provided in the Guidance for Preparing 
Environmental Impact Assessments issued by the Jordanian Ministry of Environment in October 2014: 

‘Study areas should encompass the area in which impacts may occur for each technical parameter. The size 
of the study area may vary depending on the resource area and type of impact (direct, indirect, induced or 
cumulative), and should include both primary (direct impacts) and secondary (indirect or secondary impacts) 
study areas when appropriate.’ 

 Area of Influence for the AAWDC Project 

The AAWDC Project is expected to have a physical impact directly on those areas that will be used for 
constructing the various Project technical components, as described in Chapter 1 of this Report, including the 
social related impacts. In addition, the Project will have a direct influence on a wider area around these 
locations as described in the sections below. 

More specifically, the Project will influence directly a strip of land adjacent to the pipeline route and associated 
Project facilities, as well as the Gulf of Aqaba in terms of seawater abstraction and discharge of brine. For 
certain aspects, e.g., salinity, the impacts might go beyond this immediate PAI (i.e., project-specific), and 
expand to a wider area (i.e., regional PAI). The socio-economic impacts, both positive and negative, are 
expected to also reach a wider area beyond the project-specific one. 

Physical Environment 

The project will influence the physical environment including air, water and soil quality at different areas. As 
such, the PAI for the physical environment is defined in the following paragraphs. 

Regarding air quality and noise, the construction of the conveyance pipe will directly influence adjacent 
residential areas and sensitive receptors as well as the ambient air quality along the conveyance route where 
construction activities including excavation and movement of heavy machinery will occur. In addition, impacts 
on air quality during construction will directly influence areas adjacent to the proposed SWRO site. During 
operation, sensitive receptors in close proximity to the pumping stations and the SWRO plant including 
residential area will be considered as PAI with respect to the assessment of noise impact during operation. 

The area boundaries that are considered as the PAI relative to soil quality are the strip of lands adjacent to the 
pipeline route and project facilities, which will be directly affected by construction activities. The area of the 
SWRO plant is also identified as a PAI for the assessment of impacts on soil quality during both construction 
and operation. 

During construction, water resources in wadis within the area of the SWRO plant may be affected along with 
the groundwater quality of existing wells adjacent to the entire route of the conveyance pipeline. As such the 
site of the SWRO plant along with areas including groundwater resources are considered as the PAI. 
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No. Governorate District Municipality Locality Project Component 
4  Karak  Qatrana  Qatrana,  

Sultani  
Qatrana, Sad Sultani, 
Wadi Abyad 

Water Conveyance / Pumping 
Stations 

5  Amman  Jeza  Jeza Al Jadida Jeza, Qastal, Dabaa, 
Dobiaa, Saifieh, 
Qunaitera, Kteifeh, 
Lusane, Dheibeh Al 
Sharqiyyeh, Al Rjeib 

Water Conveyance / Pumping 
Stations / Tanks 

Mouwaqer  Mouwaqer  Sewaqa, Damikhy, 
Rojem Al-Shami Al-
Gharbi, Al-Dhaihybeh Al-
Gharbieh, Al Kteifeh  

Quwaismeh  Quwaismeh Quwaismeh, Abu Alanda  

Sahab  Sahab Sahab  

 

Cultural Heritage 

The construction works including excavation and movement of machinery might influence cultural heritage and 
archaeological sites along the route of the conveyance pipeline. As such, the PAI is defined as area where 
excavation works will take place. 

5.2. Establishing Baseline Conditions 
This section describes the process followed to establish the Environmental and Social baseline conditions. 
The description has considered a variety of data and information collected and gathered from various sources, 
including literature review undertaken to date, information gaps identified, and site visits and investigation. 

 Physical Environment 

Establishing the physical environmental baseline for the Project study area has been conducted through a 
combination of literature review, field investigations, site visits and interviews with relevant stakeholders. The 
physical baseline conditions cover the following topics: 

• Topography 
• Geology and Soil 
• Water Resources 
• Weather Parameters 
• Air quality 
• Noise 

 

5.2.1.1. Review of Literature and Desktop Research 

The ESIA team has established the meteorological data using “meteoblue climate diagrams” which is based 
on 30 years of hourly weather model simulations and complimented by “climate-data organization”. 

As for the project topographical baseline conditions, it has been established based on available secondary 
data and the project technical description gathered from the project design team.  

Baseline conditions in relation to water resources (surface and groundwater) quality and quantity along the 
route are based on secondary available data and MWI annual reports. Water uses along the routing have also 
been reviewed.  

The ESIA team referred to various geological reports and maps concerning the Project Area [3] to extract 
information and data for establishing the soil and geology baseline conditions for the water conveyance 
components. 
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Information about socioeconomic conditions such as demographics, economic activities, employment and 
poverty rates and education, health and infrastructure services in the project area were obtained from statistics 
published by the Department of Statistics as well relevant reports prepared by international organizations. 

5.2.1.2. Data Obtained from Stakeholders 

Air and sea water quality data for the last two years have been collected from ASEZA’s New Port Air Quality 
Station to establish baseline conditions for the desalination component. As for the conveyance component, 
the ESIA team has gathered MoEnv available air quality monitoring data from Ma'an Governorate Building and 
King Abdullah II Ibn Al Hussein Industrial City in Sahab. Monitoring data includes SO2, CO, NO2, NO, NOx 
and PM2.5 for the years 2018 and 2019. 

5.2.1.3. Site Visits  

The ESIA team has conducted several visits to the sites of the water desalination component and IPS to 
observe the surrounding environment and identify any additional nearby environmentally sensitive receptors 
or significant environmental issues. The ESIA team has conducted additional site visits to all Project technical 
components and documented their observations.  

 Marine Environment 

5.2.2.1. Review of Literature  

In order to establish the marine environment baseline, a literature review related to the coastal and marine 
environment of the Project was conducted. This included documentation provided by the MWI and EIB and 
additional studies and documentation considered important and relevant to be reviewed by the ESIA team. 

The following existing studies and documentation were provided by the MWI/EIB:  

• Project preparatory studies undertaken by the Promoter (MWI). 
• Red Sea Dead Sea Water Conveyance Study Environmental and Social Assessment; Final 

Environmental and Social Assessment [13]. 
• Red Sea Dead Sea Water Conveyance Study Program Feasibility Study [14] 
• Red Sea Study – Final Report [14] 
• Preliminary Environmental Impact Assessment Study for Arab Fertilizers and Chemicals Industries 

(KEMAPCO) Desalination Project. 

Additional documents and information that the ESIA team considered important for the establishment of the 
coastal and marine environment baseline conditions included the following: 

• Aqaba Industrial Ports Feasibility and Environmental Studies. 
• National Monitoring Program of the Coastal Environment: Data and Reports of the last 10 years. 
• Data and Reports of ongoing Monitoring Programs of Coastal Enterprises around the proposed 

location of the IPS and the RO Plant.  
• State of Aqaba Marine Environment Report (2015).  
• Draft Aqaba Marine Spatial Plan (2015). 
• Jordan’s Integrated Coastal Zone Management Country Report 2014. 
• Published scientific work on impacts of coagulants, antiscalants and increased salinity on coastal 

habitats and seawater properties. 

5.2.2.2. Deatiled Field Investigation  

5.2.2.2.1. Revised Bathymetry Survey 

A bathymetry survey was conducted to confirm seabed morphology at the marine side of the proposed IPS 
(Figure 5-1). 










