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1 Introduction 

1.1 Background 

WKC Environment Consultancy (WKC) has been contracted by Anthesis to undertake a hydrodynamic 
modelling sediment plume dispersion assessment as part of the Environmental Impact Assessment (EIA) for 
the proposed Project Lightning power utilities venture (the “Project”) located in Abu Dhabi, United Arab 
Emirates (UAE).  

The project will be developed in the AL Dhafra region of Abu Dhabi and consists of two sub-sea transmission 
cables running from onshore power supply stations at Mirfa and Shuweihat to the offshore locations of Lower 
Zakum and Das Island respectively as illustrated below in Figure 1-1 for Route 2 and Figure 1-2 for Route 1. 

This report presents the results of the hydrodynamic modelling and sediment plume dispersion modelling 
associated with dredging activities.  The assessment has been conducted to determine the potential 
environmental impacts to the marine environment. 
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Figure 1-1 - Project Location / Modelling Domain – Route 2  
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Figure 1-2 - Project Location / Modelling Domain – Route 1  
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1.2 Study Objectives 

The objective of the study is to determine whether increased suspended sediment concentration during 
dredging activities and the associated deposition of fine sediment may cause adverse impacts to the marine 
environment.  These objectives can be summarised as follows: 

• Simulation of hydrodynamics to feed into subsequent sediment dispersion simulations; and 

• Simulations to determine the suspended sediment plume dispersion and deposition of sediment 
associated with dredging activities. 
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2 Project Standards 

This section provides a summary of regulations and technical guidelines for hydrodynamic modelling studies 
within the Abu Dhabi Emirate. These include UAE Federal Guidance, which may be of relevance for 
comparative purposes.  Where UAE or Abu Dhabi specific criteria are unavailable, reference has been made 
to widely accepted international guidance, including relevant guidelines, protocols and standards that will be 
applicable to the Project. 

2.1 Technical Guidance (TG13) for Hydrodynamic Modelling 

The Environment Agency of Abu Dhabi (EAD) issued a technical guidance document which provides general 
guidance for conduction hydrodynamic modelling studies and are listed as follows [1]: 

• Model selection; 

• General model requirements, and 

• Reporting structure. 

2.2 Technical Guidance (TG12) for Dredging and Reclamation  

The Environment Agency of Abu Dhabi (EAD) issued a technical guidance document which provides general 
guidance for conduction hydrodynamic modelling studies and are listed as follows [2] 

• Dredging and reclamation recommended practices. 

2.3 Regulation for Protection of Maritime Environment  

2.3.1 UAE Federal Regulations 

Discharges to the marine environment are regulated under the ‘Regulation for the Protection of Maritime 
Environment’, UAE Cabinet [3]. The principle requirements of Chapter 3 of this regulation, pertaining to this 
scope of works, are as follows: 

• No discharge of plastic materials including but not limited to, synthetic rope, synthetic fishing nets, 
plastic bags; 

• No discharge of garbage including products, ceramics, glass and bottles, wood, lining and 
packing materials; and, 
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• If food leftovers generated from marine vessels, rigs, barges, manned platforms, or installation, 
are to be disposed of into marine environment, the discharge location should be as far as possible 
from land, but not less than 12 nautical miles from the nearest shoreline. 

In accordance with the Council of Ministers’ Decision No 37 – 2001 – Protection of the Marine Environment, 
the following non-degradable pollutants / Illegal compounds are not to be discharged into marine environment: 

Table 2-1 - UAE Federal Discharge Banned Substances [4] 

Organ phosphorus Pesticides Polychlorinated Biphenyls 

Dimethoate PCBs 

Malathion Aroclor 

Organochlorine Pesticides Tetrachlorobiphenyl 

Aldrin Trichlorobiphenyl 

Dieldrino Polynuclear Aromatic Hydrocarbons (PAH) 

DDT Benzo (a) pyrene and Naphthalene 

Chloridane Naphthalene  

Eldrin  

Note that this assessment does not pertain to discharges of any kind. Therefore, the Federal Regulations are 
not considered further within this assessment. 

The full text of the Regulation should be referred to for further details. 

2.3.2 Municipality Regulations and Guidelines 

Quality standards for ambient marine water are provided by Abu Dhabi Quality and Conformity Council (QCC) 
for the maximum allowable concentrations for ambient marine water (Table 2-2) and maximum allowable 
concentrations for ambient marine sediments (Table 2-3) [5].  

Table 2-2 - Abu Dhabi QCC Maximum Allowable Concentrations for Ambient Marine Water 

Parameter  Unit  General Use Areas  
Marine Protected Use 

Areas  

Cadmium  μg/l  0.7  0.3  

Chromium  μg/l  0.2  0.2  

Copper  μg/l  3.0  3.0  

Lead  μg/l  2.2  2.2  

Mercury  μg/l  0.1  0.1  
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Nickel  μg/l  7.0  3.0  

Zinc  μg/l  15.0  15.0  

Total Petroleum Hydrocarbons (TPH)  μg/l  7.0  7.0  

Total Polychlorinated Biphenyls (PCBs)  μg/l  0.03  0.03  

Chlorophyll (a)  μg/l  1.0  0.7  

DO*  mg/l  4.0  4.0  

Enterococci  CFU or MPN/100ml  35.0  35.0  

* Minimum allowable concentration  

 

Table 2-3 - Abu Dhabi QCC Maximum Allowable Concentrations for Ambient Marine Sediments 

Parameter Unit General Use Area 

Arsenic mg/kg 7 

Cadmium mg/kg 0.7 

Chromium mg/kg 52 

Copper mg/kg 20 

Lead mg/kg 30 

Mercury mg/kg 0.2 

Nickle mg/kg 16 

Zinc mg/kg 125 

Total Polychlorinated Biphenyls 
(PCBs) 

μg/l 22 

Total Polycyclic Aromatic 
Hydrocarbons (PAHs) 

mg/kg 1.7 

 

Environmental specifications for land-based-liquid discharges to marine environment are provided by Abu 
Dhabi Quality and Conformity Council (QCC) below (Table 2-4) [6]. 

Table 2-4 - Maximum allowable concentrations of discharges to marine at point of discharge 

Parameter  Symbol Unit  Limit 

Total Suspended Solids TSS mg/l  50 
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Parameter  Symbol Unit  Limit 

pH - pH Unit 6.0-9.0 

Temperature - °C ±5 from ambient 

Turbidity - NTU 75 

Ammonia (as Nitrogen) NH3-N mg/l  2.0 

Nitrate (as Nitrogen) NO3-N mg/l  30.0 

Free Residual Chlorine Cl2 mg/l  0.5 

Cyanide CN mg/l  0.05 

Dissolved Oxygen DO mg/l  ≥ 3.0 

Fluoride F mg/l  10 

Sulphide S- mg/l  0.1 

 

2.4 Environment Agency Abu Dhabi Ambient Water Quality Objectives 

The Environment Agency Abu Dhabi (EAD) previously developed standards and limits for marine environments 
prior to the implementation of QCC standards [7]. These are presented in Table 2-5, and will be adopted as 
guidance values where allowable ambient concentrations are not provided within the QCC standards. 

Table 2-5 - Recommended Ambient Marine Water Quality Standards for Abu Dhabi 

Parameter Proposed Maximum Limits Units 

I Physical Indicators 

1 Floating Particles/Floatable/debris Nil mg/m2 

2 
Temperature (change) 

±3 
°C of background 
temperature 

3 
Turbidity 10 NTU 

Transparency / Clarity ≥10 meter of Secchi Depth 

4 
Salinity 

<5 
% of background 
concentration 

5 
BOD5 

5 
mg/L (5day at 20°C annual 
average) 

6 Odour Not objectionable - 
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Parameter Proposed Maximum Limits Units 

7 Colour No change from background - 

II Chemical Indicators 

8 Ammonia (Free as N) or 

Ammonia (NH3-N) 
0.004 mg/L 

9 Arsenic (As) 0.005 mg/L 

10 Cadmium (Cd) 0.001 mg/L 

11 Chlorine Residual (Cl2) 0.01 mg/L 

12 Chromium (Cr) 0.01 mg/L 

13 Copper (Cu) 0.01 mg/L 

14 Cyanide (Cn) 0.004 mg/L 

15 Lead (Pb) 0.01 mg/L 

16 Mercury (Hg) - - 

17 Oil and Grease Not visible - 

18 Petroleum Hydrocarbons 5 ppm or mg/L 

19 Dissolved Oxygen (DO) >4 mg/L 

20 Total Suspended Solids (TSS) <33 mg/L 

21 Si-SiO3 890 microgram/L 

22 pH 6.5 – 8.5 mg/L 

23 Phenols 0.001 mg/L 

24 Phosphorous Total as (P) 0.001 mg/L 

Phosphate (PO4) 34 microgram/L 

25 Sulphides (S) 0.004 mg/L 

26 Total Organic Carbon (TOC) 2.5 mg/L 

27 Zinc (Zn) 0.01 mg/L 

28 Nickel (Ni) 20 microgram/L 

29 Iron (Fe) 0.3 mg/L 
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Parameter Proposed Maximum Limits Units 

30 Vanadium (V) 9.4 microgram/L 

31 Nitrate (as NO3) 95 microgram/L 

32 Nitrite (as NO2) 34 microgram/L 

III Biological Indicators 

33 Total Coliform 70 MPN/100mL 

2.5 Total Suspended Solids (TSS) Criteria Selection 

As listed by EAD Ambient Water Quality Objectives (AWO’s), the most relevant parameter for sediment plume 
assessments is Total Suspended Solids (TSS) concentrations that should not exceed 33 mg/l (0.033 kg/m3) 
considering the more recent QCC guidance do not provide an allowable ambient concentration for turbidity or 
related parameters. The guidelines however do not stipulate frequencies of exceedance or mixing zone 
dimensions and were not passed as law however they do provide more stringent criteria to allow for a 
conservative assessment. 
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3 Modelling Systems 

The modelling study has been carried out utilising the MIKE software package (developed by DHI). The MIKE 
software package is a powerful and versatile tool for simulating physical, chemical, biological and ecological 
processes in coastal and marine areas. The package utilises multiple modules for various simulation, 
prediction and forecast applications; the modules utilised within this scope of works are summarised further 
below. 

3.1 MIKE Hydrodynamic Flow Model 

The MIKE Hydrodynamic (HD) Flow Model (FM) is a numerical modelling system for the simulation of water 
level variations and their associated flows.  The model is able to run, in both two-dimensional (2D) and three-
dimensional (3D) modes, using multiple simulation engines, including single grid, multiple grid and flexible 
mesh application.  The MIKE HD FM modules are the ‘base’ module for the software suite, the outputs of which 
are used as input for various other modules of differing applications. 

The MIKE21 FM HD module is system for simulating 2D free-surface flows.  MIKE21 is applicable for the 
simulation of hydraulic environments, such as lakes, estuaries, bays, coastal areas and seas, where the 
significance of vertical stratification can be discounted. 

The 3D, baroclinic module MIKE3 FM HD, is a general non-hydrostatic numerical modelling system which 
simulates unsteady, 3D flows in fluids when presented with the bathymetry and other relevant ambient 
conditions (e.g. bed resistance, wind forcing, hydrographic boundary conditions, and atmospheric influence).  
MIKE3 FM HD is applicable to areas where stratification cannot be discounted, or where simulation requires 
the assessment of effluent with a positive or negative density differential.  The fully baroclinic nature of the 
module enables density currents caused by this differential density to be simulated accurately, in conjunction 
with other dispersal effects associated tide and wind driven flows and atmospheric effects (such as surface 
cooling).  

The software also incorporates near-field simulations which can accurately simulate the ‘jet’ phase of an 
effluent discharge (where the effluent momentum influences trajectory and mixing behaviour).  These near-
field simulations are linked within the MIKE3 FM HD module, enabling the influence of ambient currents on ‘jet’ 
behaviour to be simulated at the same temporal and spatial resolution as the hydrodynamic model. 

Additional scientific documentation on MIKE HD FM can be provided on request. 

3.2 MIKE Mud Transport 

The MIKE Mud Transport (MT) module describes erosion, transport and deposition of mud or sand mixtures 
under the action of currents and waves. MIKE MT takes into account current and wave (where applicable) 
forcing, material sliding, salt-flocculation, detailed settling processes, seabed description and continuous 
morphological update of the seabed, whilst simulation the dispersion and deposition of sediment particulates. 
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The MIKE MT module varies sediment settling velocities according to salinity, wave, current speed, particle 
size distribution (PSD) and bed morphology. Bed erosion can be either non-uniform (i.e. erosion of soft or 
partly consolidated bed), or uniform (i.e. erosion of a dense and consolidated bed). 

Application of the MIKE MT module include sediment transport studies, dredge turbidity simulations and 
sediment deposition studies for harbours, canals, rivers and navigational corridors. 

Additional scientific documentation on MIKE MT can be provided on request. 
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4 Hydrodynamic Modelling Flushing and Dredging Methodology 

4.1 Overview 

In order to assess suspended sediment dispersion during trenching, dredging and backfilling activities, and 
comparison to relevant water quality criteria,  the MIKE21 HD FM and MIKE21 MT modules were utilised.  The 
hydrodynamic results from the MIKE21 HD FM module have been used to ‘drive’ the subsequent dredge 
induced sediment plumes using the MT module. 

The hydrodynamics of the area were simulated for a baseline case and used for validation/calibration 
purposes, by comparison to measured ADCP data at four locations (2 each along Rout1 & 2). 

Hydrodynamics are simulated concurrently with the plume simulations to take into account bed changes 
associated with dredging, trenching, disposal and backfilling activities. 

4.2 Hydrodynamic Modelling 

4.2.1 Overview 

The hydrodynamics of the project area were simulated utilising the MIKE21 HD FM model, driven by 
meteorological data from CFSR and tidal constituent amplitude and phase predictions sourced from the DTU10 
global ocean tide model from the Technical University of Denmark. [8]  An overview of the hydrodynamic 
modelling approach is presented in Table 4-1.  
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Table 4-1 - Summary of Hydrodynamic Modelling Approach 

Task Hydrodynamic Modelling 

Model MIKE21 HD FM & MIKE21 HD TR/AD 

Model Features 
2-dimensional 
Horizontal and depth averaged vertical plane  

Tidal Data DTU10 global ocean tide model at ≈ 0.125° resolution [8]. 

Meteorological Data NCEP supported CFSR data at ≈0.2° spatial and hourly temporal resolution. [9] 

Period Modelled 

A single scenario (baseline) was simulated for calibration and validation purposes, a 
further two, final scenarios were simulated concurrently with sediment dispersion to 
take into account real-time physical seabed changes associated with construction 
works. 
These scenarios were simulated for separate modelling domains covering the Cable 
Routes 1 & 2. 

Bathymetry 
Simulations were conducted utilising bathymetric data provided from the client as 
well as from a digitized admiralty chart 3715 (obtained from MIKE C-Map). [10]  

Model Verification 
Verification was conducted against ADCP current and prognostic tidal gauge height 
data.  

Resolution 

Flexible mesh, variable element size from a maximum area of 750,000 m2 
(equivalent to approx. 1.7km horizonal resolution) to an area of 1400 m2 (equivalent 
to approx. 37 m horizontal resolution). 

 

4.2.2 Model Grids and Bathymetry 

Bathymetry within the project area was obtained from a number of sources in order to accurately portray the 
physical environment within the modelling domain.  The sources of data utilised, in the order that they were 
used, are summarised below: 

• Digitised British Admiralty Bathymetric Charts 3715 [10] sourced from C-MAP; 

• Bathymetry survey data of the project area was provided by the client [11]; and 

• Archived WKC bathymetric and topographical survey data around the project area.  

The coverage and resolution of the modelling domain were decided based on knowledge of the project area, 
and the outcomes of a numerous modelling iterations carried out during the validation/calibration process 
(Section 5.1.4). The entire model includes all Abu Dhabi waters and the hydrodynamic simulation testing was 
conducted whereby the mesh size is varied in order to ensure model stability. Once the model is proved to be 
stable, the mesh size is reduced to conclude if accuracy is improved by reducing each size. Following 
guidelines set forth by DHI on scaling between mesh transitions, a growth factor of 3 was used. The final 
modelling domain mesh and bathymetry are provided below in Figure 4-1 and Figure 4-2 for Cable Route 2 
Modelling Domain and Figure 4-5 and Figure 4-6 for Cable Route 1 modelling domain.    
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Figure 4-1 –Cable Route 2 – Modelling Domain Bathymetry and Domain Variable Mesh 
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Figure 4-2 –Cable Route 2 – Modelling Domain Bathymetry and ADCP Location 
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Figure 4-3 –Cable Route 2 – Local Bathymetry and Domain Variable Mesh 
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Figure 4-4 - Cable Route 2 - Local Bathymetry and Cable Route 
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Figure 4-5 - Cable Route 1 - Modelling Domain Bathymetry and Domain Variable Mesh 
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Figure 4-6 - Cable Route 1 - Modelling Domain Bathymetry and ADCP Location 
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Figure 4-7 - Cable Route 1 - Local Bathymetry and Domain Variable Mesh 
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Figure 4-8 - Cable Route 1 - Local Bathymetry and Cable Route 
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4.2.3 Winds 

Winds was purchased to cover the simulated period which coincided with the ADCP deployment period (2020 
& 2021). This wind data is reanalysed forecast data from the CFSR [9]. The CFSR routinely operates a suit of 
numerical weather prediction models at a range of spatial and temporal resolutions. The data utilised within 
this study is gridded data set at a spatial resolution of approximately 0.2°, and a temporal resolution of 1 hour.  

4.2.4 Tides 

In order to accurately simulate the propagation of the tides to the project area within the modelling domain, 
tidal boundary conditions were sourced using the DTU10 global ocean tide model from the Technical University 
of Denmark [8].  

The amplitude and phase of the two dominant tidal constituents, the principal lunar semidiurnal (M2) and the 
principal solar semidiurnal (S2) constituents for the DTU10 global ocean tide model are presented within Figure 
4-9 and Figure 4-10 for reference purposes. 

The data is pre-processed in order to be recognised by MIKE and provides the user with 2D model boundary 
data at each open water boundary in order to allow MIKE21 HD FM to simulate the tidal and current variations 
within the project domain. These open water boundaries are illustrated in Figure 4-2.  

Figure 4-9 - Amplitude and Phase of Principal Lunar Semidiurnal Constituent 
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Figure 4-10 - Amplitude and Phase of Principal Solar Semidiurnal Constituent 

 

4.3 Dredging Simulations 

4.3.1 Overview 

Dredge plume modelling predicts the physical behaviour of dredged sediments released into the water column, 
based on the results of the hydrodynamic modelling undertaken using MIKE HD FM module. The 
characteristics of the released sediment, the timing and location of releases by the dredging plan and the 
equipment used for dredging and soil disposal.  

The dredge plume model requires a range of key inputs including engineering, geotechnical, meteorological, 
and oceanographic components. These inputs feed into the simulation process which uses data developed by 
the MIKE HD FM module to drive the dispersion of the particles released into the water column during dredging 
operations, whereas the behaviour and settling characteristics of the particles are determined by the 
parameters set in the MIKE MT FM module. 

The basic methodology for the simulation of the dredging programme was as follows: 

In the MIKE HD FM Module: 

• Incorporate detailed bathymetry and topography data of the project region; 

• Establish bathymetric grids covering the dredging region and surrounding coastlines; 

• Extract meteorological data from CFSR global atmospheric forecast model for the region. 
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In the MIKE MT FM Module: 

• Input Particle Size Distribution Data for the seabed materials which are to be dredged; 

• Develop the dredge logs, for input to the dredging simulation model, which define the fine detail 
of the method of executing the dredging plan from detailed information provided by the client; 

In post-processing: 

• Analyse output from simulation(s) to provide data for initial impact assessment studies; 

• Derive exceedance statistics for TSS from MIKE MT FM output, and 

• Derive bed load depths for material originating from the dredging process. 

The focus of this study is to determine the levels of turbidity and sedimentation likely to be experienced in the 
nearby waters deriving from dredging activities associated with the project. 

4.3.2 Dredging Equipment and Method 

The dredging methodology for the Project Lightning Project consists of multiple stages.  The basic stages are 
summarised below: 

1. Dredging/trenching of the Cable Trench; 

2. Laying of the Cable; and 

3. Backfilling the Cable Trench. 

The cables will lie within trenches for the nearshore areas whereas in the offshore areas, the cables will be 
post-lay trenched when encountering soft sand or laid on the bottom and covered with rock when encountering 
hard sand. Therefore, the marine modelling studies focused on the nearshore areas due to the significant 
construction activities 

The cable will only lie within a trench for areas near shore, or within shallow areas.  The equipment used for 
the dredging/trenching and backfilling will be dependent on the depth of the area which requires work.  The 
most shallow sections will be worked using amphibious ‘starfish’ dredgers (Figure 4-11), the intermediate areas 
will be worked using backhoe dredgers (BHD) (Figure 4-12), and the deeper areas will be worked using trailer 
suction hopper dredgers (TSHD) (Figure 4-13).  At deeper areas where concerns regarding weathering or 
damage due to anchor drops is not a concern, the cable will be laid directly on the seabed, and no trenching 
will be required. 
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Figure 4-11 - Starfish Trencher 

 

Figure 4-12 - Backhoe Dredger 
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Figure 4-13 - Trailer Suction Hopper Dredger 

 

Once the trenching has been completed, the cable will be laid within the trench and any side cast material will 
be backfilled, burying the cable.  The method to lay the cable will be dependent on proximity to land, with 
nearshore areas using a float out method, and areas further offshore using a cable lay vessel.  The trenching 
activities are complicated to a degree along the Cable Route 1, where the area is too shallow to allow access 
to the cable lay vessel.  Within these areas, a navigation channel, sufficient for the cable lay barge will need 
to be cut in order to allow access, significantly increasing the scale of works within these areas.  An indication 
of the access channel/ floatation trench dimensions are indicated within Figure 4-14, along with the standard 
dimensions of the relatively small trench required for the cable only. 

Figure 4-14 - Dredging Cross Sections 

 

Material along the majority of the trenched route will be side cast and reserved to fill the trench once cable 
laying has been completed.  However, the material dredged from the access/floatation channel, cannot be 
replaced due to concerns regarding future assess requirements for maintenance.  This excess material, 
highlighted in blue within Figure 4-14 will need to be disposed of offshore.  The locations of these disposal 
areas is included within Figure 4-16   
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Table 4-2 presents a summary of the trenching and backfilling works, with Figure 4-15 and Figure 4-16 
illustrating Cable Routes 2 & 1 respectively, providing an indication of the waypoint markers summarised within 
the schedule table.   

Note all turbidity producing task items, including dredge volume, cutting rate, disposal rate and backfilling have 
been included within the simulations. 
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Table 4-2 - Trenching and Backfilling Schedule – Cable Routes 1 & 2 

Task 
Estimated 

days 
Equipment Volume Start Date End Date 

Zakum - Trenching Navigation channel (Campaign 1) 37 days   59,767 m³ 01-Nov-23 07-Dec-23 

Trench 1 // 18.010 - 18.500  3.3 BHD 1,650 m³ 01-Nov-23 04-Nov-23 

Trench 1 // 18.500 - 18.700  24.0 BHD 18,190 m³ 01-Nov-23 25-Nov-23 

Trench 1 // 18.800 - 20.000  10.6 BHD 33,884 m³ 25-Nov-23 05-Dec-23 

Trench 1 // 20.000 - 20.200  1.9 BHD 6,043 m³ 05-Dec-23 07-Dec-23 

Zakum - Hammering scope (Campaign 1) 41 days   18,175 m³ 04-Nov-23 15-Dec-23 

Trench 1a // 18.010 - 18.800  13.1 BHD 5,751 m³ 04-Nov-23 17-Nov-23 

Trench 1a // 20.280 - 21.100  7.6 BHD 3,337 m³ 30-Nov-23 08-Dec-23 

Trench 1b // 18.010 - 18.800  13.1 BHD 5,751 m³ 17-Nov-23 30-Nov-23 

Trench 1b // 20.280 - 21.100  7.6 BHD 3,337 m³ 08-Dec-23 15-Dec-23 

Zakum - Trenching scope ZAKUM (Campaign 2) 116 days   503,346 m³ 17-Dec-23 12-Apr-24 

Trench 1a // 0.000 - 1.020  9.9 Starfish 7,498 m³ 17-Jan-24 27-Jan-24 

Trench 1a // 1.020 - 1.510  2.3 BHD 3,567 m³ 17-Dec-23 20-Dec-23 

Trench 1a // 1.510 - 10.000  5.7 TSHD 105,955 m³ 06-Jan-24 12-Jan-24 

Trench 1a_bis // 10.000 bis - 15.630 bis  38.0 BHD 40,986 m³ 20-Dec-23 27-Jan-24 

Trench 1a // 15.000 - 17.500  1.7 TSHD 31,200 m³ 18-Jan-24 19-Jan-24 

Trench 1a // 17.500 - 17.610  0.3 BHD 801 m³ 21-Jan-24 22-Jan-24 

Trench 1a // 17.610 - 18.010  0.3 TSHD 4,992 m³ 21-Jan-24 22-Jan-24 

Trench 1a // 18.800 - 20.280  4.7 BHD 10,774 m³ 22-Jan-24 27-Jan-24 

Trench 1a // 21.100 - 25.310  2.8 TSHD 52,541 m³ 24-Jan-24 27-Jan-24 

Trench 1b // 0.000 - 1.220  11.8 Starfish 8,954 m³ 31-Mar-24 12-Apr-24 
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Task 
Estimated 

days 
Equipment Volume Start Date End Date 

Trench 1b // 1.220 - 1.400  0.9 BHD 1,310 m³ 10-Apr-24 11-Apr-24 

Trench 1b // 1.400 - 10.000  5.7 TSHD 107,328 m³ 12-Jan-24 18-Jan-24 

Trench 1b_bis // 10.000bis - 15.641bis  38.1 BHD 41,066 m³ 03-Mar-24 10-Apr-24 

Trench 1b // 15.000 - 18.010  2.0 TSHD 37,565 m³ 19-Jan-24 21-Jan-24 

Trench 1b // 18.800 - 20.280  4.7 BHD 10,744 m³ 15-Mar-24 19-Mar-24 

Trench 1b // 21.100 - 24.150  2.0 TSHD 38,064 m³ 22-Jan-24 24-Jan-24 

Zakum - Cable installation schedule           

Cable installation 1a 7.0 Cable   01-Feb-24 08-Feb-24 

Cable installation 1b 7.0 Cable   17-Apr-24 24-Apr-24 

Zakum - Backfiling Zakum (Campaign 2) 129 days   788,229 m³ 11-Feb-24 18-Jun-24 

Backfill 1a // 0.000 - 1.020  9.9 Starfish 7,498 m³ 11-Feb-24 20-Feb-24 

Backfill 1a // 1.020 - 1.500  2.0 BHD 3,675 m³ 11-Feb-24 12-Feb-24 

Backfill 1a // 1.500 - 10.000  26.1 TSHD 176,592 m³ 11-Feb-24 08-Mar-24 

Backfill 1a // 10.000bis - 15.63bis - bis route 27.9 BHD 45,040 m³ 12-Feb-24 11-Mar-24 

Backfill 1a // 15.000 - 17.500  7.7 TSHD 52,000 m³ 08-Mar-24 15-Mar-24 

Backfill 1a // 17.500 - 17.610 Single float 1.0 BHD 825 m³ 11-Feb-24 12-Feb-24 

Backfill 1a // 17.610 - 18.010  1.2 TSHD 8,320 m³ 15-Mar-24 17-Mar-24 

Backfill 1a // 18.010 - 20.280 Combined float 1a + 1b 20.7 BHD 17,025 m³ 12-Feb-24 03-Mar-24 

Backfill 1a // 20.280 - 21.100  3.3 BHD 6,150 m³ 11-Mar-24 15-Mar-24 

Backfill 1a // 21.100 - 25.310  12.9 TSHD 87,568 m³ 17-Mar-24 29-Mar-24 

Backfill 1b // 0.000 - 1.220  11.8 Starfish 8,954 m³ 27-Apr-24 08-May-24 

Backfill 1b // 1.220 - 1.400  0.7 BHD 1,350 m³ 27-Apr-24 27-Apr-24 

Backfill 1b // 1.400 - 10.000  26.4 TSHD 178,880 m³ 27-Apr-24 23-May-24 
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Task 
Estimated 

days 
Equipment Volume Start Date End Date 

Backfill 1b // 10.000bis - 15.461bis - bis route 27.9 BHD 45,128 m³ 27-Apr-24 25-May-24 

Backfill 1b // 15.000 - 18.010  9.3 TSHD 62,608 m³ 23-May-24 01-Jun-24 

Backfill 1b // 18.010 - 20.280  20.7 BHD 17,025 m³ 25-May-24 15-Jun-24 

Backfill 1b // 20.280 - 21.100  3.3 BHD 6,150 m³ 15-Jun-24 18-Jun-24 

Backfill 1b // 21.100 - 25.310  9.4 TSHD 63,440 m³ 01-Jun-24 11-Jun-24 

Das - Trenching scope (Campaign 2) 143 days   159,081 m³ 29-Jun-24 19-Oct-24 

Trench 2 // -0.850 - 1.440  30.5 Starfish 17,791 m³ 29-Jun-24 30-Jul-24 

Trench 2 // 1.440 - 2.750  15.3 BHD 6,708 m³ 14-Jul-24 30-Jul-24 

Trench 2 // 2.750 - 5.030  1.5 TSHD 28,454 m³ 28-Jul-24 30-Jul-24 

Trench 2a // -0.850 - 1.440  28.2 Starfish 16,448 m³ 11-Aug-24 09-Sep-24 

Trench 2a // 1.440 - 2.750  18.3 BHD 8,051 m³ 19-Aug-24 06-Sep-24 

Trench 2a // 2.750 - 5.030  1.5 TSHD 28,454 m³ 21-Aug-24 22-Aug-24 

Trench 2b // -0.850 - 1.440  30.9 Starfish 18,013 m³ 18-Sep-24 19-Oct-24 

Trench 2b // 1.440 - 2.750  15.3 BHD 6,708 m³ 29-Sep-24 15-Oct-24 

Trench 2b // 2.750 - 5.030  1.5 TSHD 28,454 m³ 01-Oct-24 02-Oct-24 

Das - Backfilling scope (Campaign 2) 106 days   223,923 m³ 14-Aug-24 26-Nov-24 

Backfill 2 // -0.850 - 1.440  23.4 Starfish 17,791 m³ 14-Aug-24 06-Sep-24 

Backfill 2 // 1.440 - 2.750  5.3 BHD 9,825 m³ 14-Aug-24 19-Aug-24 

Backfill 2 // 2.750 - 5.030  7.0 TSHD 47,424 m³ 14-Aug-24 21-Aug-24 

Backfill 2a // -0.850 - 1.340  21.6 Starfish 16,448 m³ 24-Sep-24 15-Oct-24 

Backfill 2a // 1.340 - 2.750  5.7 BHD 10,575 m³ 24-Sep-24 29-Sep-24 

Backfill 2a // 2.750 - 5.030  7.0 TSHD 47,424 m³ 24-Sep-24 01-Oct-24 

Backfill 2b // -0.850 - 1.550  23.7 Starfish 18,013 m³ 03-Nov-24 26-Nov-24 

Backfill 2b // 1.550 - 2.750  4.9 BHD 9,000 m³ 03-Nov-24 07-Nov-24 
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Task 
Estimated 

days 
Equipment Volume Start Date End Date 

Backfill 2b // 2.750 - 5.030  7.0 TSHD 47,424 m³ 03-Nov-24 10-Nov-24 

Das - Cable installation schedule           

Cable installation 2 10.0 Cable   04-Aug-24 14-Aug-24 

Cable installation 2a 10.0 Cable   14-Sep-24 24-Sep-24 

Cable installation 2b 10.0 Cable   24-Oct-24 03-Nov-24 
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Figure 4-15 –Waypoint Markers for Route 2 
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Figure 4-16 – Waypoint Markers and Disposal Areas for Route 1 
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4.3.3 Particle Size Distributions and Settling Velocities 

The formation of sediment plumes is largely associated with the finer fraction of material. It is therefore 
necessary to understand the relative distribution of material, particularly that smaller than 100 microns (1 
micron = 10-6 m).  

The particle settling velocity values were based on analyses of sand and silt by CSIRO Australia data from 
previous dredging programs using a sedigraph, shown below in Table 4-3 [12]. Sodium hexametaphosphate 
was used by CSIRO as the medium through which the measured particles fall. The data was later corrected 
to consider the difference in the settling velocities in sea water and with consideration of drag resulting in a 
terminal velocity in seawater.  

Table 4-3 - Particle Size Distribution and Settling Velocities 
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Size (micron) Settling Rate 

(mm/s) 

Group Descriptor 

 

2000 3156.000 

8 Coarse Sand 
1000 789.000 

600 284.200 

400 126.300 

250 49.300 
7 Fine Sand 

150 17.760 

100 7.890 
6 Very Fine Sand 

80 5.050 

60 2.842 
5 Coarse Silt 

40 1.262 

20 0.316 4 Medium Silt 

10 0.079 
3 Very Fine Silt 

5 0.020 

2 0.003 2 Medium Clay 

1 0.001 1 Very Fine Clay 

 

For the purposes of this modelling study, the material was divided into 8 groups based on the PSD information 
from a geotechnical surveys [13] and the Wentworth Grain Size Chart, developed by the United States 
Geological Survey [16].  

The geotechnical surveys indicated that a variety of sediment types along the route of the trenching area, 
ranging from very silty sand (>20% silt content) to sandy gravel (<5% silt content).  Sand and silt fractions of 
the potentially resuspended sediment were simulated. Considering that the Gravel category would consist of 
particles with a diameter of more than 2mm, these particles will not contribute to the overall sediment 
suspension due to dredging was not included in the model.  

Due to the vast majority of sediment in the area consisting of Sand, this category was divided into 3 different 
classifications, namely Coarse Sand, Fine Sand and Very Fine Sand with particles size ranges as indicated in 
Table 4-4.  Silt fractions were also broken down into three fractions, and clay broken into two fractions, 
considering these fractions are likely to settle more slowly and contribute disproportionally to water turbidity.  
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Table 4-4 - Particle Size Distribution and Settling Velocities of Simulated Sediment Fractions 
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Size (micron) Settling Rate (mm/s) Group Descriptor 

>400 789.000 8 Coarse Sand 

150-400 25.0 (Estimated) 7 Fine Sand 

80-150 6.470 6 Very Fine Sand 

40-80 2.052 5 Coarse Silt 

20-40 0.316 4 Medium Silt 

5-20 0.049 3 Very Fine Silt 

2-5 0.003 2 Medium Clay 

<2 0.001 1 Very Fine Clay 

 

The characteristics of the sediment within the dredged areas was defined utilising a number of boreholes from 
the geotechnical surveys [13], with the appropriate borehole characteristics being selected based on proximity.  
Table 4-5 presents the location, and characteristics of these boreholes, with Figure 4-17 presenting the location 
of these boreholes along the proposed Cable Routes 1 & 2. 

Table 4-5 - Relevant Borehole Summary 

Borehole Ref Coordinates 

East (m) 

Coordinates 

North (m) 

Water Depth (m) Borehole 

Depth (m) 

% Silt % Sand %Gravel 

Route 2 

BH-01 657092 2671534 3.9 
2.9 21 73 6 

BH02 656228 2672038 8.4 
3.5 6 69 25 

BH-03 655363 2672542 7.9 
3.5 20 74 6 

Route 1 

BH-01 751802 2609184 8.8 
3.3 12 84 4 

BH-04 752763 2669443 10.3 
3.2 33 64 3 

BH-14 764371 2675509 5.2 
3.3 20 75 5 

BH-15 764665 2673464 6.3 
3.4 5 67 28 

BH-17 765082 2673418 7.7 
3.0 17 79 4 

BH-21 766221 2679183 6.0 
3.0 5 30 65 
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Figure 4-17 - Borehole Location – Routes 1&2 

 

4.3.4 Dredging Simulations 

The dredge programme was simulated by MIKE MT FM to predict the behaviour of particles released into the 
water column, driven by 3D currents from MIKE HD FM, the dredge log and particle size distributions at each 
time step.  

The dredge modelling predicted the X-Y-Z coordinates of all particles throughout the full simulation and the 
results were stored on a 10-minute timestep. These results were then analysed to determine the distribution 
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of TSS developed over the total simulation, as well as the maximum depth-averaged concentrations which 
were attained over the entire dredge programme. 

4.4 Assumptions and Limitations 

The movement of the coastal ocean is controlled by the principles of mass, energy and momentum 
conservation. Numerical hydrodynamic modelling attempts to solve complex flow situations using empirical 
approximations and derivations of these principles. All numerical models make approximations to solve these 
principles and therefore have inherent limitations [14]. 

In addition to these inherent limitations, numerical modelling requires that input data be selected which itself 
has inherent limitations, and where input data is unavailable educated assumptions must be made. The 
following section highlights the limitations of the input data and assumptions which have been selected. Note, 
these assumptions and limitations do not invalidate the conclusions of the modelling study and the best-known 
source of data available within the confines of the project scope of work have been selected where possible. 

The modelling assessment has been carried out utilising the most accurate data available at this time, however 
a number of assumptions/calculations were used to fill data gaps. Where selected methodologies or data gaps 
limit the assessment, these are summarised below: 

4.4.1 Hydrodynamic Modelling 

• The bathymetric data collected was a combination of bathymetry points obtained through 
digitisation of historic navigation charts, bathymetric (both physical survey data and Satellite 
Derived (SDB) data) obtained from the client, as well as relevant archived WKC bathymetric data 
surrounding the project area. Bathymetry obtained from the navigational charts were used for 
most of the surrounding areas within the modelling domain whilst the accurate survey data was 
used specifically around the area of interest. The ocean floor is a dynamic and constantly 
changing environment, therefore it is possible that for certain bathymetric data used, some 
variation between modelled bathymetry and actual bathymetry may exist. It is however not 
expected that this variation is significant enough to change the outcomes of this assessment.  

4.4.2 Dredging Simulations 

• Dredging simulations were carried out based on the methodology supplied by the contractor with 
estimated dredge rates, volumes and spill rates supplied by the dredging contractor. There is 
likely to be minor variations in theses agreed values during the actual dredging operations.  

• The dredge modelling relies on the best available meteorological and bathymetric information 
and information concerning the proposed dredging methodology and material to be dredged. All 
these inputs can be subject to error and so where there was potential uncertainty in model 
parameters, conservative values were chosen such that the model would tend to overestimate 
the impact.  
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5 Hydrodynamic Modelling Flushing and Dredging Results 

5.1 Hydrodynamic Modelling 

5.1.1 Overview 

In order to provide simulation data which captured a full spring/neap tidal cycle and achieved steady state 
equilibrium, validation simulations were conducted from 18/02/22 to 10/03/22 to coincide with the deployment 
of the four ADCPs for validation purposes.  Separate simulations were conducted for Cable Route 2 area cable 
route 1 area, with the modelling domain boundary provided within Figure 1-1 and Figure 1-2 respectively.   

Table 5-1 provides a summary of the ADCP data and tidal stations used for model calibration and validation 
with the locations of the ADCPs shown in Figure 4-2 and Figure 4-6. 

Table 5-1 - Overview of Client ADCP Data and Tidal Station Location 

ADCP Interval 

Period Location (UTM) 

Start End Easting  Northing 

ADCP #1 20 Min 20/02/2022 13:00:00 09/03/2022 11:40:00 674643 2759342 

ADCP #2 20 Min 19/02/2022 12:00:00 10/03/2022 11:20:00 649411 2686217 

ADCP #3 20 Min 19/02/2022 10:20:00 10/03/2022 09:40:00 769562 2688942 

ADCP #4 20 Min 20/02/2022 10:00:00 09/03/2022 09:20:00 768330 2727302 

Mubarraz  10 Min - - 740621 2706173 
Sir Bani 
Yas 10 Min - - 667407 2692103 

 

For the analysis of the proposed sediment dispersion during trenching and backfilling operations, the planned 
dates (November 2023 to November 2024) and durations of each construction activities for Cable Routes 1&2 
was used, with the exception that the simulations were run within 2021 and 2022 in order that representative 
meteorological data was available to force the simulations.  Simulation periods for the assessment scenarios 
are summarised below: 

• Cable Route 2  29/06/21 – 01/12/21  10 minute time-step 

• Cable Route 1  01/11/20 – 01/07/21  10 minute time-step 
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5.1.2 Mesh Sensitivity Analysis 

The model used for the project was based on an existing baseline hydrodynamic modelling mesh developed 
for the Ruwais area with the boundaries being extended east and west for the Cable Routes 1 & 2 respectively.   

The two models (Cable Routes 1 & 2) were calibrated (maximum current speeds) against two ADCP’s (that 
were recently deployed along each of the routes) as well as prognostic tidal data and is illustrated in Figure 
4-2 and Figure 4-6.  

The opportunity was taken at this stage to reanalyse the mesh sensitivity to resolution.  

The first three revisions of each mesh were purely focused on ensuring emphasis was placed in properly 
defining any coastline differences as per updated satellite imagery dated the 31st of December 2020. The mesh 
resolution is relatively course (maximum element size of 1,500,000 m2 for Rev 1 at the ADCP locations) and 
gradually reduced whilst testing the overall simulation stability of the initial mesh structures.  Mesh revision 2 
(element size of 150,000 m2 at the ADCP locations) proved to be stable enough for the first round of calibration 
checks were performed utilising the two sets of ADCP data for each route.  

The mesh elements were then further reduced for Mesh 3 and again further reduced for Mesh 4. The 
progression of the mesh element sizes is presented in Table 5-2 and illustrates how mesh convergence is 
reached between Mesh No.2 and the Mesh No. 4 (Final Mesh) with slight decreases in correlation between 
observed and simulated current characteristics.  

The overall resolution of the mesh is variable, however the sensitivity analysis was conducted at areas of the 
ADCP locations.  The intention of the sensitivity analysis is to determine whether any increase in resolution 
(which reduces simulation time significantly) would result in a significant increase in model accuracy.  The goal 
in these assessments is to maintain a reasonable run time using available computing power, whilst retaining 
accuracy fit for purpose in environmental assessment.   

A maximum fine resolution of approximately 37m horizontal resolution was maintained, as any further 
improvement in validation was small and not sufficient to justify proportionally increased run-times considering 
the objectives of the model set-up.   

Table 5-2 - Mesh Sensitivity Test of Existing MIKE21 HD FM for Ocean Characteristics 

Mesh No. 2 3 4(Final) 

Smallest Element Size (Approx. Horizontal Resolution) 1000m 100m 37m 

Parameter IOA IOA IOA 

Ideal Score 1 1 1 

ADCP1 – Avg Current Speed 0.82 0.78 0.77 

ADCP1 – Avg Current Direction 0.84 0.81 0.81 

ADCP2 – Avg Current Speed 0.82 0.83 0.79 

ADCP2 – Avg Current Direction 0.6 0.57 0.56 

ADCP3 – Avg Current Speed 0.84 0.88 0.87 

ADCP3 – Avg Current Direction 0.88 0.86 0.84 

ADCP4 – Avg Current Speed 0.89 0.91 0.90 

ADCP4 – Avg Current Direction 0.87 0.90 0.89 
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5.1.3 Hydrodynamic Currents 

Currents speeds within the two areas of interest are variable both within the domain and between Cable Route 
1 & 2 domains.  Currents within both the areas of interest are complicated by nearby islands and shoals 
creating both restricted channels with high current speeds and sheltered areas with limited tide or wind driven 
currents.  

The tides are generally of a mixed diurnal and semi-diurnal nature. The current velocities within the project 
area are largely driven by the flood and ebb tidal events with some influence from wind effects (due to the 
predominant north-westerly wind direction).  

The area of landfall with the Abu Dhabi mainland for Cable Route 2 area is sheltered by both the Jebel Dhana 
headland and Sir Bani Yas Island.  Current speeds are high through the narrow channel that separates Sir 
Bani Yas Island from the Abu Dhabi mainland, however currents on either side of the Jebel Dhana headland 
are sheltered during both the flood and ebb tide, and are generally below 0.1m/s. 

Current speeds within the nearshore area of Cable Route 1 are generally higher during both the flood and ebb 
tide, and are largely tidal driven due to some sheltering from wind affects from islands and shoals offshore.  
The currents are generally in the east to west orientation following the lay of the mainland coast with the 
channel that separates the mainland from both Marawah and Abu al Abyad Islands.  The cable route turns 
towards the north and exploits and existing channel between tidal shoals, where an existing navigation channel 
has been dredged.  Currents supplying and emptying the nearshore areas during the flood and ebb tide 
respectively are particularly strong through this channel, frequently exceeding 1.0 m/s. 

Figure 5-1 and Figure 5-2 present a typical ebb tide at both Cable Routes 2 and Cable Routes 1 respectively 
whereas Figure 5-3 and Figure 5-4 present the flood tide. 
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Figure 5-1 - Cable Route 2 - Typical Ebb Tide Currents 

 

Figure 5-2 - Cable Route 1 - Typical Ebb Tide Currents 

 

Figure 5-3 - Cable Route 2 - Typical Flood Tide Currents 

 

Figure 5-4 - Cable Route 1 - Typical Flood tide Currents 
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5.1.4 Verification of Tide and Current Predictions 

The tidal currents and gauge heights utilised within the assessment were simulated to coincide with the period 
for which the ADCP’s were deployed to allow direct comparison.  The location of the ADCP’s can be seen in 
Figure 4-2 and Figure 4-6 and verification of the accuracy of the currents in the region of interest was possible 
due to measured current speeds and direction observed at these locations. The hydrodynamics of the 
simulated model were calibrated using the measured current speed and direction data collected from four 
ADCPs, two along each of the proposed cable routes 1 & 2.  

A comparison between the simulated (depth averaged current speeds and directions) and observed mid-
column current speeds and directions at the location of the ADCP deployments was conducted. Mid-Column 
ADCP speeds and directions were chosen to equalise the potential opposing influence of seabed an sea 
surface friction.  

Additionally, a comparison of simulated and prognostic gauge height (water level) data at both Sir Bani Yas 
and Mubarraz Island was conducted. The correlation between simulated and observed prognostic water levels 
at both Sir Bani Yas and Mubarraz Island are shown in Figure 5-5 and Figure 5-6 respectively.  The correlation 
between simulated and observed current speeds and current directions at the four ADCP locations are 
provided within Figure 5-7 to Figure 5-18.  Observed and simulated current roses are illustrated in Figure 5-19 
to Figure 5-26. 

These figures provide a graphical representation of how accurately MIKE21 HD FM is simulating the ocean 
physics when compared to measured ADCP data in the form of time series plots as well as current rose plots.  

Note: Considering the locations of the areas where both ADCP’s were deployed, the mid-column data bin was 
used for the observed data due to this bin layer being less influenced by bed and wind friction (which are depth 
averaged within the 2D simulations).  

To statistically analyse model performance, the Index of Agreement (IOA) is calculated through comparison 
between observed (ADCP data) and simulated model data and is compared to the semantic scale presented 
in Table 5-3 with explanation of the various metrics and indices given in the text that follows. Furthermore, the 
Relative Mean Absolute Error (RMAE) and an Adjusted Relative Mean Absolute Error (ARMAE) was used to 
analyse the model performance using the semantic scaled presented in Table 5-4 with the ARMAE scores 
also included in Table 5-5. 
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Table 5-3 - Indices of Agreement Score Qualifications [15] 

Range Qualification 

0.9 < x < 1.0 Excellent 

0.8 < x < 0.9 Very Good 

0.6 < x < 0.8 Good 

0.5 < x < 0.6 Reasonable 

0.3 < x < 0.5 Poor 

x < 0.3 Bad 

 

Table 5-4 - ARMAE Score Qualifications [18] 

Range Qualification 

x < 0.2 Excellent 

0.2 < x < 0.4 Good 

0.4 < x < 0.7 Reasonable 

0.7 < x < 1 Poor 

x > 1 Bad 

Presented below, Table 5-5 illustrates the mean absolute error (MAE) root-mean-square error (RMSE), the 
coefficient of efficiency (E), the IOA, RMAE and ARMAE, for Gauge heights, Current Speeds and Current 
Directions, along with the ideal score for each test. 

The RMSE can be described as the standard deviation of the difference for predicted and observed pairing at 
the ADCP location.  The RMSE is a quadratic scoring rule which measures the average magnitude of the error.  
The RMSE is a good measure of model performance, but since large errors are weighted heavily, its value 
can be distorted.  The MAE is a measure of comparison similar to the RMSE but puts less emphasis on the 
largest errors.  RMSE and MAE are equal to the unit of the values being analysed.  

E can range from negative infinity to 1 with larger values indicating a better fit.  E measures the one to one 
relationship between the observed and simulated values and hence is sensitive to bias and proportional 
effects.   

The IOA [15] can take a value between 0 and 1, with 1 indicating perfect agreement.  The IOA is the ratio of 
the total RMSE to the sum of two differences, the difference between each prediction and the observed mean, 
and the difference between each observation and the observed mean.  Therefore, the IOA is a measure of the 
match between departure of each prediction from the observed mean and the departure of each observation 
from the observed mean. 

From the statistical analysis of the simulated and observed water heights, the simulated tidal variations show 
an excellent correlation to the prognostic tidal data for the 2020 data period and is illustrated in Figure 5-5 and 
Figure 5-6 below. 

Model performance statistics can be used to calibrate and/or validate hydrodynamic models in an objective 
way. One statistical method used to analyse the performance is to evaluate the RMAE [16]. 
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𝑅𝑀𝐴𝐸 =  < |𝑌 − 𝑋| >< 𝑋 >  

Where: 

< |𝑋| > =  1𝑁 ∑|𝑥𝑛|𝑁
𝑛=1  

< |𝑌| > =  1𝑁 ∑|𝑦𝑛|𝑁
𝑛=1  

However, a RMAE value of zero implies a perfect match between predictions and observations, which in 
practice can never be achieved as the RMAE includes contributions from the measurement error. A way of 
reducing the influence of the observational errors is to introduce an Observational Error (OE) component and 
subtract this from each absolute error, thus defining an Adjusted RMAE. 

𝐴𝑅𝑀𝐴𝐸 =  < |𝑌 − 𝑋| − 𝑂𝐸 >< 𝑋 >  

OE depends on a number of things such as water clarity/turbidity, correct and proper installation of the 
equipment as well as inherent device accuracy factors. In a previous study, an average observational error for 
current speeds is 0.05 m/s was considered but for conservative purposes and based on past experience, an 
observational error of 0.015 m/s was considered for currents in this assessment [16]. 

Table 5-5 - Statistical Performance of MIKE21 HD FM for Ocean Characteristics 
 

MAE RMSE E ARMAE IOA 

Ideal Score 0 0 1 0 1 

Sir Bani Yas - Prognostic Gauge Heights 0.0725 0.0938 0.9108 - 0.9799 

Mubarraz - Prognostic Gauge Heights 0.0827 0.1009 0.9164 - 0.9810 

ADCP1 – Avg Current Speed  0.0378 0.0481 -0.044 0.050 0.7753 

ADCP1 – Avg Current Direction 0.6754 1.4686 0.3132 - 0.8120 

ADCP1 – Mid Column U-Velocity Component 0.0442 0.0535 0.4512 0.095 0.8999 

ADCP1 – Mid Column V-Velocity Component 0.0299 0.0380 0.7580 0.094 0.9507 

ADCP2 -Avg Current Speed  0.0368 0.0456 -0.3474 0.050 0.7915 

ADCP2 – Avg Current Direction 1.5945 2.611 -1.1898 - 0.5649 

ADCP2 – Mid Column U-Velocity Component 0.0376 0.0466 -0.0812 0.154 0.7245 

ADCP2 – Mid Column V-Velocity Component 0.0445 0.0544 0.5991 0.098 0.9304 

ADCP3 – Avg Current Speed  0.0379 0.0482 0.5386 0.041 0.8725 

ADCP3 – Avg Current Direction 0.5672 1.2939 0.4243 - 0.8493 

ADCP3 – Mid Column U-Velocity Component 0.0585 0.0727 0.7572 0.079 0.9443 

ADCP3 – Mid Column V-Velocity Component 0.0487 0.0595 0.5766 0.103 0.8950 

ADCP4 – Avg Current Speed  0.0430 0.0546 0.5719 0.046 0.9059 

ADCP4 – Avg Current Direction 0.4808 1.1251 0.5801 - 0.8911 

ADCP4 – Mid Column U-Velocity Component 0.0456 0.0561 0.8458 0.078 0.9676 

ADCP4 – Mid Column V-Velocity Component 0.0589 0.0757 0.7786 0.091 0.9490 
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Visual comparison of graphical observed and simulated results indicated that the validation of both the 
modelling domains (see Figure 4-1 and Figure 4-5) can be considered excellent.  Statistical comparison of the 
observed and simulated data shows that validation is very good to excellent.  A single metric analysed returned 
‘good’ validation, that being the current direction at ADCP #2, however note that both the u-component and v-
component validation is considered to be very good or excellent. 
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Figure 5-5 – Sir Bani Yas - Tidal Gauge Height Comparison - Simulated vs Observed 

 

Figure 5-6 - Mubarraz Island - Tidal Gauge Height Comparison - Simulated vs Observed 
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Figure 5-7 – ADCP #1 Current Speed Comparison - Simulated vs Observed 

  

Figure 5-8 - ADCP #1 U-Component Comparison - Simulated vs Observed 
 

 

 
 
Figure 5-9 - ADCP #1 V-Component Comparison - Simulated vs Observed 
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Figure 5-10 – ADCP #2 Current Speed Comparison - Simulated vs Observed 

  

Figure 5-11 - ADCP #2 U-Component Comparison - Simulated vs Observed 
 

 

 
 
Figure 5-12 - ADCP #2 V-Component Comparison - Simulated vs Observed 
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Figure 5-13 – ADCP #3 Current Speed Comparison - Simulated vs Observed 

  

Figure 5-14 - ADCP #3 U-Component Comparison - Simulated vs Observed 
 

 

 
 
Figure 5-15 - ADCP #3 V-Component Comparison - Simulated vs Observed 
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Figure 5-16 – ADCP #4 Current Speed Comparison - Simulated vs Observed 

  

Figure 5-17 - ADCP #4 U-Component Comparison - Simulated vs Observed 

 

 
 
Figure 5-18 - ADCP #4 V-Component Comparison - Simulated vs Observed 
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Figure 5-19 - ADCP#1 - Observed (ADCP) Current Rose 

 

Figure 5-20 - ADCP #1 - Simulated Current Rose 

 

Figure 5-21 - ADCP #2 Observed (ADCP) Current Rose 

 

Figure 5-22 - ADCP #2 Simulated Current Rose 
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Figure 5-23 - ADCP #3 Observed (ADCP) Current Rose 

 

Figure 5-24 - ADCP #3 Simulated Current Rose 

 

Figure 5-25 - ADCP #4 Observed (ADCP) Current Rose 

 

Figure 5-26 - ADCP #4 Simulated Current Rose 

 

  



 

Anthesis 
Project Lightning 

54 
Hydrodynamic Sediment Plumes Modelling Report 

J21071_R_XX 

   

 

5.1.5 Area of Interest Variation 

Cable Route 2 

Currents within the area of interest, where dredging and backfilling will occur, are largely tidal in nature.  
However, currents within the area are complicated by the presence of Sir Bani Yas island, and the Jebel Dhana 
headland.  Whereas normally the currents would be orientated east to west along the coastline of Abu Dhabi, 
these two feature create a shadow effect within the area of interest, instead the tides pass through the narrow 
channel between the mainland and Sir Bani Yas Island.   

Average currents speeds within the area where trenching and backfilling will occur are below 0.05 m/s, with 
maximum current speeds rarely exceeding 0.3 m/s.  It is anticipated that this area of relatively low currents 
speeds will limit dispersion of any sediment suspended into the water column, which although may reduce the 
area of impact, will result in less efficient dilution of TSS concentrations within this area. 

Cable Route 1 

The area of interest containing the proposed trenched areas along the proposed Cable Route 1 is partially 
separated from the open Gulf by various islands and shoals, which complicates and restricts tidal flows within 
this area.  In general, the tidal currents move along the coastline in an east to west direction but are deflected 
by various shoals and islands. 

Average current speeds along the majority of the trenched route are approximately 0.2 m/s reaching a 
maximum of 0.4 – 0.5 m/s.  A small gap in the shielding influence of the islands and shoals lies immediately 
west of Abu al Abyad Island, although shallow, a small access channel has been historically dredged here.  
This gap allows the flood and ebb to move in a north and south direction, however the restriction here results 
in average current speeds of up to 0.7 m/s and maximum currents speeds of over 1.5 m/s. 

Figure 5-27 and Figure 5-28 present the mean and maximum current speeds respectively for the area of 
interest surrounding the proposed Cable Route 2 trenching area, whereas Figure 5-29 and Figure 5-30 present 
the same for the area of interest along the proposed Cable Route 1. 

Results of the simulation in video format for both the pre-development and post-development scenarios are 
provided in Appendix A. 
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Figure 5-27 –Cable Route 2 AOI - Mean Current Speeds 

 

Figure 5-28 - Cable Route 2 AOI - Max Current Speeds 

Figure 5-29 – Cable Route 1 AOI - Mean Current Speeds 

 

Figure 5-30 – Cable Route 1 AOI - Max Current Speeds 
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5.2 Dredging Assessment 

Two dredging scenarios were simulated within separate domains to take into account proposed trenching, 
backfilling and dumping methods for the proposed cable routes 1 & 2. These simulations was conducted to 
predict turbidity concentrations and deposition patterns during the dredging activities that are proposed for the 
channel as discussed in Section 4.3.2.  

The results were analysed to determine the mean concentration and predicted maximum Total Suspended 
Solids (TSS) concentration in kg/m3 exceeded 5% of the time (otherwise known as the 95th percentile) across 
the region as well as the total deposition/sedimentation depth/thickness resulting from the dredging activities. 
The statistics were conducted over the entire dredging period (approximately 5 months for Cable Route 2 and 
8 months for Cable Route 1). 

The mean and 95th percentile concentrations are presented for Route 2 in Figure 5-31 and Figure 5-32 and for 
Route 1 within Figure 5-33 and Figure 5-34.   

Suspended sediment concentrations within the trenching area of the Cable Route 1 are, on average, 
anticipated to meet ambient water quality objectives (33 mg/l), however within a minority of conditions (i.e. 
<5% of the time) the area exceeding the ambient water quality objective is predicted to spread over 5 km to 
the south-west.  Suspended sediment generation rate within this area is relatively limited due to the small 
volume being trenched and backfilled, and the relatively small size of the equipment conducting the work. The 
sediment being dredged within the area is also relatively high in silt content, increasing the potential for 
suspended sediment to remain suspended within the water column for longer period of time before settling on 
the seabed. Low current speeds within the area of interest greatly reduce suspended sediment dispersion and 
dilution.  The shadow created by the Jebel Dhana headland creates a relatively slack area where sediment 
dispersion is not optimal.   

The potential for suspended sediment generation within Cable Route 2 trenching area is greater than that for 
Cable Route 2, due to the longer length of cable route that requires trenching, and the requirement to dredge 
a navigation/floating channel to allow access of the cable lay vessel, and the use of two disposal areas.  
Although sediment generation is larger, current speeds are generally significantly higher in this area, 
particularly within the shallow areas which require substantial dredging for the navigation/floating channels.  
The higher currents aid dispersion in two ways, first they will generally increase the dilution rate of any 
dispersed sediment, but also by ensuring that the sediment being dredge is of a larger particle size due to 
natural erosion processes. Mean TSS concentrations, when averaged throughout the entire 8 month 
programme, are anticipated to be below AWQOs, however for a minority of the time (<5%) an areas of 
approximately 5-10 km2 may exceed AWQOs within the proximity of the dredging of the navigation/floatation 
channel. 

The trenching and backfilling involved within the construction programme for both Cable Routes 1 & 2, are 
sparsely spread both temporally (occurring over 5 months and 8 months respectively) and spatially (consisting 
of a very narrow (Figure 4-14) dredge cross section over a long overall length).  Due to this sparsity in activities, 
the statistical analysis of concentrations (e.g. mean and 95th percentile) may be considered too optimistic when 
looking at the potential for significant exceedance in AWQOs.  Therefore Figure 5-35 and Figure 5-36 present 
the area within which a certain number of days are expected to exceed AWQOs.  Exceedances within the AOI 
for Cable Route 2 are expected to occur for over two weeks, whereas within Cable Route 1 AOI, exceedance 
is generally limited to less than one week, likely due to the faster mixing processes associated with higher 
current speeds. 

In the immediate areas surrounding the dredging activities, high dropout rates of course material (coarse and 
medium sand particles) are predicted and is likely to cause deposition in the vicinity near the dredger.  
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However, although a large volume of the dredged material is relatively course, certain areas do contain fine 
fractions which may spread further afield and deposit on sensitive habitats.    

The deposition depth associated with the dredging activities along Cable Route 2 are presented within Figure 
5-37.  Although sediment within the area does contain a fair fraction of silt, the limited currents speeds within 
the area general restrict dispersion of suspended sediment, therefore deposition depth is generally limited to 

< 1mm, with the area of deposition greater than 1 mm extending over approximately 2 km2. 

Depositions associated with the trenching and navigation/floating channel within Cable Route 1 AOI is 
generally larger.  This is likely due to the larger volume of work, the fact that disposal areas will be used, and 
the higher current speeds increasing dispersion.  The area where deposition is predicted to be greater than 1 
mm is anticipated to cover approximate 40 km2, whereas the area where deposition is anticipated greater than 
5 mm is anticipated to cover approximately 15 km2. 

Video output of the dredging activities are included in Appendix B.
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Figure 5-31 –Cable Route 2 – Mean TSS Concentration 

.  

Figure 5-32 – Cable Route 2 - 95th Percentile TSS Concentration 

 

Figure 5-33 – Cable Route 1 – Mean TSS Concentration 

 

 

 

 

 

 

 

 

  

Figure 5-34 – Cable Route 1 – 95th Percentile TSS Concentration 
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Figure 5-35 – Cable Route 2 – Days Exceeding TSS AWQO (33 mg/l) 

 

Figure 5-36 – Cable Route 1 – Days Exceeding TSS AWQO (33mg/l) 

 

Figure 5-37 - Cable Route 2 - Cumulative Deposition Depth 

 

 
Figure 5-38 - Cable Route 1 - Cumulative Deposition Depth 
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6 Summary and Conclusions 

6.1 Overview 

WKC Environment Consultancy (WKC) has been contracted by Anthesis to undertake a hydrodynamic 
modelling sediment plume dispersion assessment as part of the Environmental Impact Assessment (EIA) for 
the proposed Project Lightning power utilities venture (the “Project”) located in Abu Dhabi, United Arab 
Emirates (UAE).  

The objective of the study is to determine whether increased suspended sediment concentration during 
dredging activities and the associated deposition of fine sediment may cause adverse impacts to the marine 
environment. 

6.2 Hydrodynamics 

The hydrodynamics of the project area were simulated utilising the MIKE21 HD FM model, driven by 
meteorological data from CFSR and tidal constituent amplitude and phase predictions sourced from the DTU10 
global ocean tide model from the Technical University of Denmark. 

Currents speeds within the two areas of interest are variable both within the domain and between Cable Routes 
1 & 2 domains, being generally higher at the Cable Route 1 location.  Currents within both the areas of interest 
are complicated by nearby islands and shoals creating both restricted channels with high current speeds and 
sheltered areas with limited tide or wind driven currents.  

The tides are generally of a mixed diurnal and semi-diurnal nature. The current velocities within the project 
area are largely driven by the flood and ebb tidal events with some influence from wind effects (due to the 
predominant north-westerly wind direction).  

Validation was conducted again data obtained at four locations using ADCPs.  Validation of the hydrodynamics 
was considered to be very good to excellent. 

6.3 Dredging Assessment 

Two dredging scenarios were simulated within separate domains to take into account proposed trenching, 
backfilling and dumping methods for the proposed cable 1 & 2. These simulations were conducted to predict 
turbidity concentrations and deposition patterns during the dredging activities that are proposed for the cable 
routes.  

Suspended sediment concentrations within the trenching area of Cable Route 2 are, on average (over 5 
months), anticipated to meet ambient water quality objectives (33 mg/l), however within a minority of conditions 
(i.e. <5% of the time) the area exceeding the ambient water quality objective is predicted to spread over 5 km 
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to the south-west.  Mean TSS concentrations within Cable Route 1 area of interest, when averaged throughout 
the entire 8-month programme, are anticipated to be below AWQOs, however for a minority of the time (<5%) 
an area of approximately 5-10 km2 may exceed AWQOs within the proximity of the dredging of the 
navigation/floatation channel. 

The deposition depth associated with the dredging activities along Cable Route 2 is generally limited to < 1mm, 

with the area of deposition greater than 1 mm extending over approximately 2 km2.  Depositions associated 
with the trenching and navigation/floating channel within Cable Route 1 area of interest is predicted to be 
greater than 1 mm cover approximately 40 km2, whereas the area where deposition is anticipated greater than 
5 mm is anticipated to cover approximately 15 km2. 

6.4 Recommendations 

It is recommended that silt curtains are employed as this will help limit any sediment transport away from the 
dredged areas and will help mitigate and impacts brought about by the dispersion of the sediment plumes on 
the water quality and any ecological receptors in the area. Silt curtains are an effective method in significantly 
reducing the transportation of fine sediment during dredging and reclamation activities.   

It is further recommended that real time WQ (turbidity) monitoring take place during dredging activities as a 
further mitigation measure whereby dredging would be stopped once TSS levels are exceeded during dredging 
operations.  
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Appendix A - Hydrodynamic Modelling Results 
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Appendix B - Dredging Results 
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1.0 Background and Survey Conduct 

1.1 Background 

Mott MacDonald (MM), on behalf of the Abu Dhabi National Oil Company 

(ADNOC), has commissioned Nautica Environmental Associates LLC (NEA), an Abu 

Dhabi based environmental consultancy, to conduct environmental surveys at 

three landfall locations for the ADNOC Lightning Project, namely Mirfa, Shuweihat 

and Das Island.  

This document relates to the field elements conducted at Mirfa and provides the 

results from the survey undertaken at that location.  

1.2 Survey Scope and Conduct 

1.2.1 Scope 

The scope included evaluations of the following, along landfall pipeline footprints, as 

shown in Figure 1: 

• Evaluation of habitats and associated species. 

• Ambient noise measurements, over weekend and week-day periods. 

• Soil and groundwater sampling and analysis to evaluate possible 

contamination.  

1.2.2 Conduct 

The field elements were conducted over 6 days, between 04 and 31 May 2021, at 

Mirfa, as shown in Table 1. A minimum of two NEA staff were on-site, supported by 

NEA 4x4 vehicle.  

Surveys were conducted using a combination of walkover and vehicle drive throughs 

of the site location, deploying camera traps and noise meters, and undertaking soil 

sampling, where deemed appropriate.  

Additionally, at certain locations within the Plot, in order to provide additional 

photographic records of habitat and general conditions, cardinal point photographs 

were taken (North, South, East and West). Camera traps were deployed for a minimum 

of one overnight period (≥12 hours).  

Table 1 provides an overview of site visits and activities undertaken by NEA specialists 

during the ecological survey. Figure 1 shows a map of the survey area with camera 

trap and noise meter locations. Figure 2 shows a habitat map of the area (see Annex 

A for records). Figure 3 shows cardinal point locations where photographic 

documentation of the area from fixed locations has been taken and provided in Annex 
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C. Figure 4 shows locations of points of interest (waypoints), detailed in Table 2 and 

discussed in subsequent sections. Figure 5 shows the track map of NEA staff 

movements across the area. 

In the current circumstances, COVID-19 mitigation involved NEA field scientists 

wearing full eye and nose/mouth masks, with gloves, when travelling to/from and 

when on-site (Plate 1).  

Table 1:  Survey Field Visits 

Day Date Survey Activity NEA Staff 

1 19.05.2021 Survey planning and Preparation RP, AM, PM, BC 

2 20.05.2021 Survey walkover & Trap/Meter deployment RP, AM, PM 

3 21.05.2021 Survey walkover  RP, AM, PM 

4 22.05.2021 Trap retrieval RP, AM, PM 

5 24.05.2021 Noise Monitoring RP, AM 

6 31.05.2021 Noise Monitoring RP, AM 

Table Key: RP = Ross Pappin / AM = Aneeta Mathew / PM = Paulo Mendoza / BC = Bonnie Corneta 

 

 

Plate 1: NEA Environmental Technician using soil augur on site wearing PPE 
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Figure 1: Survey Area with Trap and Sampling Locations 
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Figure 2: Survey Area Habitat Map 
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Figure 3: Survey Area with Cardinal Point Locations 
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Figure 4: Survey Area with Points of Interest 
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Figure 5: Survey Area Track Map 
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Table 2: Mirfa Survey Records 

ID Unit Type Date Time Duration Latitude (N) Longitude (E) Notes 

N01 Noise Sampling 21/05/2021 06:46 15min 24.114964 53.46217196 NA 

N02 Noise Sampling 21/05/2021 07:48 15min 24.11718101 53.45660102 NA 

N03 Noise Sampling 21/05/2021 08:13 15min 24.11170201 53.456468 NA 

S01 Sediment Sampling 20/05/2021 15:20 NA 24.113124 53.46296397 NA 

S02 Sediment Sampling 20/05/2021 16:35 NA 24.115064 53.46008504 NA 

S03 Sediment Sampling 20/05/2021 16:55 NA 24.116805 53.45676304 NA 

S04 Sediment Sampling 20/05/2021 17:25 NA 24.115942 53.45400397 NA 

S05 Sediment Sampling 21/05/2021 18:36 NA 24.12036102 53.45502899 NA 

S06 Sediment Sampling 21/05/2021 11:53 NA 24.11134796 53.464148 NA 

S07 Sediment Sampling 21/05/2021 16:57 NA 24.11170998 53.45644997 NA 

S08 Sediment Sampling 21/05/2021 18:12 NA 24.10802202 53.45192098 NA 

CP1 Cardinal Point 21/05/2021 10:21 NA 24.11269 53.46365 NA 

CP2 Cardinal Point 21/05/2021 10:27 NA 24.11318 53.46329 NA 

CP3 Cardinal Point 21/05/2021 10:38 NA 24.11462 53.46252 NA 

CP4 Cardinal Point 21/05/2021 10:47 NA 24.11542 53.46279 NA 
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Table 2: Mirfa Survey Records 

ID Unit Type Date Time Duration Latitude (N) Longitude (E) Notes 

CP5 Cardinal Point 21/05/2021 11:00 NA 24.11589 53.4631 NA 

CP6 Cardinal Point 21/05/2021 11:08 NA 24.11491 53.4627 NA 

CP7 Cardinal Point 21/05/2021 11:12 NA 24.11447 53.46294 NA 

CP8 Cardinal Point 21/05/2021 12:12 NA 24.11436 53.46176 NA 

CP9 Cardinal Point 21/05/2021 12:18 NA 24.11491 53.46102 NA 

CP10 Cardinal Point 21/05/2021 12:19 NA 24.115 53.45988 NA 

CP11 Cardinal Point 21/05/2021 12:26 NA 24.11681 53.45675 NA 

CP12 Cardinal Point 21/05/2021 12:28 NA 24.11583 53.45458 NA 

CP13 Cardinal Point 21/05/2021 20:29 NA 24.11681 53.45675 NA 

CP14 Cardinal Point 22/05/2021 09:21 NA 24.10956 53.46611 NA 

CT1 Camera Trap 21/05/2021 20:54 12hrs  24.11583 53.45458 Arabian Red Fox & Feral Cat 

CT2 Camera Trap 21/05/2021 21:01 12hrs  24.11706 53.4606 Nothing captured 

CT3 Camera Trap 21/05/2021 21:07 12hrs  24.11147 53.46151 Cheesman’s Gerbil 

CT4 Camera Trap 21/05/2021 21:18 12hrs  24.11501 53.46262 Arabian Red Fox & Feral Cat 

CT5 Camera Trap 21/05/2021 21:26 12hrs  24.10933 53.46597 Nothing captured 
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Table 2: Mirfa Survey Records 

ID Unit Type Date Time Duration Latitude (N) Longitude (E) Notes 

WPT1 Handheld GPS 21/05/2021 10:20 NA 24.11266 53.46355 Western Reef Heron 

WPT2 Handheld GPS 21/05/2021 10:20 NA 24.11264 53.46371 Kentish Plover × 6 

WPT3 Handheld GPS 21/05/2021 10:21 NA 24.11269 53.46365 Cardinal Point 1 

WPT4 Handheld GPS 21/05/2021 10:23 NA 24.11279 53.46353 Arabian Red Fox tracks 

WPT5 Handheld GPS 21/05/2021 10:25 NA 24.11288 53.46344 Cat tracks 

WPT6 Handheld GPS 21/05/2021 10:26 NA 24.11287 53.46347 Fox scats 

WPT7 Handheld GPS 21/05/2021 10:27 NA 24.113 53.46337 Large bird tracks (Grey Francolin?) 

WPT8 Handheld GPS 21/05/2021 10:27 NA 24.11318 53.46329 Cardinal Point 2 

WPT9 Handheld GPS 21/05/2021 10:30 NA 24.11335 53.46308 Trash 

WPT10 Handheld GPS 21/05/2021 10:33 NA 24.11294 53.46315 Small bird tracks (House Sparrow?) 

WPT11 Handheld GPS 21/05/2021 10:37 NA 24.11411 53.46258 Lesser Sand Plover × 2 

WPT12 Handheld GPS 21/05/2021 10:38 NA 24.11462 53.46249 Kentish Plover × 2 

WPT13 Handheld GPS 21/05/2021 10:38 NA 24.11462 53.46252 Cardinal Point 3 

WPT14 Handheld GPS 21/05/2021 10:45 NA 24.11547 53.46272 Eurasian Collared Dove  

WPT15 Handheld GPS 21/05/2021 10:47 NA 24.11542 53.46279 Cardinal Point 4 
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Table 2: Mirfa Survey Records 

ID Unit Type Date Time Duration Latitude (N) Longitude (E) Notes 

WPT 16 Handheld GPS 21/05/2021 10:53 NA 24.11551 53.46303 House Sparrow × 6 

WPT17 Handheld GPS 21/05/2021 10:58 NA 24.11564 53.46309 Asian Dwarf Honey Bee × 100+ 

WPT18 Handheld GPS 21/05/2021 11:00 NA 24.11589 53.4631 Cardinal Point 5 

WPT19 Handheld GPS 21/05/2021 11:01 NA 24.11555 53.46298 White- eared Bulbul 

WPT20 Handheld GPS 21/05/2021 11:02 NA 24.11553 53.46302 Bean Caper 

WPT21 Handheld GPS 21/05/2021 11:03 NA 24.11558 53.46305 Greater Hoopoe-lark 

WPT22 Handheld GPS 21/05/2021 11:06 NA 24.11506 53.46275 Mottled Crab 

WPT23 Handheld GPS 21/05/2021 11:08 NA 24.11491 53.4627 Cardinal Point 6 

WPT24 Handheld GPS 21/05/2021 11:12 NA 24.11447 53.46294 Cardinal Point 7 

WPT25 Handheld GPS 21/05/2021 11:14 NA 24.11415 53.46285 House Sparrow × 4 

WPT26 Handheld GPS 21/05/2021 12:05 NA 24.11355 53.4628 Common Greenshank 

WPT27 Handheld GPS 21/05/2021 12:12 NA 24.11436 53.46176 Cardinal Point 8 

WPT28 Handheld GPS 21/05/2021 12:18 NA 24.11491 53.46102 Cardinal Point 9 

WPT29 Handheld GPS 21/05/2021 12:19 NA 24.115 53.45988 Cardinal Point 10 

WPT30 Handheld GPS 21/05/2021 12:22 NA 24.11501 53.45984 Pile of debris 
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Table 2: Mirfa Survey Records 

ID Unit Type Date Time Duration Latitude (N) Longitude (E) Notes 

WPT31 Handheld GPS 21/05/2021 12:24 NA 24.11618 53.4582 Pile of debris 

WPT32 Handheld GPS 21/05/2021 12:26 NA 24.11681 53.45675 Cardinal Point 11 

WPT33 Handheld GPS 21/05/2021 12:28 NA 24.11583 53.45458 Cardinal Point 12 

WPT34 Handheld GPS 21/05/2021 20:26 NA 24.11514 53.46073 Arabian Toad-headed Agama 

WPT35 Handheld GPS 21/05/2021 20:27 NA 24.11493 53.46139 White-eared Bulbul 

WPT36 Handheld GPS 21/05/2021 20:29 NA 24.1144 53.46255 Cardinal Point 13 

WPT37 Camera Trap 21/05/2021 20:54 12hrs  24.11581 53.46291 Camera Trap 1 

WPT38 Camera Trap 21/05/2021 21:01 12hrs  24.11706 53.4606 Camera Trap 2 

WPT39 Camera Trap 21/05/2021 21:07 12hrs  24.11147 53.46151 Camera Trap 3 

WPT41 Handheld GPS 21/05/2021 21:10 NA 24.11147 53.4615 Cheesman’s Gerbil Burrow 

WPT42 Camera Trap 21/05/2021 21:18 12hrs  24.11501 53.46262 Camera Trap 4 

WPT43 Camera Trap 21/05/2021 21:26 12hrs  24.10933 53.46597 Camera Trap 5 

WPT44 Handheld GPS 22/05/2021 09:21 NA 24.10956 53.46611 Cardinal Point 14 

WPT45 Handheld GPS 22/05/2021 09:55 NA 24.11503 53.46206 Heliotropium kotschyi 

WPT46 Handheld GPS 22/05/2021 10:03 NA 24.11367 53.46282 Eurasian Curlew 
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Table 2: Mirfa Survey Records 

ID Unit Type Date Time Duration Latitude (N) Longitude (E) Notes 

WPT47 Handheld GPS 22/05/2021 10:05 NA 24.11271 53.46354 Kentish Plover × 3 

WPT48 Handheld GPS 22/05/2021 10:15 NA 24.11526 53.46259 Laughing Dove  

WPT49 Handheld GPS 24/05/2021 19:33 NA 24.11494 53.46224 Grey Francolin × 3 

WPT50 Handheld GPS 31/05/2021 07:04 NA 24.11597 53.46015 Red-wattled Lapwing nest (Eggs × 4) 

WPT51 Handheld GPS 31/05/2021 09:28 NA 24.11478 53.46227 Osprey 

Table Key:  

NA = Not Applicable  

CT = Camera Trap  

CP = Cardinal Point  

ID = Site ID  

min = Minute(s)  

Lat + Long in Decimal Degrees WGS84 

WPT = Waypoint 
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2.0 Methodology  

2.1 Noise Measurements  

Baseline noise measurements were carried out at three sites at the Mirfa location and 

included both weekday and weekend measurement periods.  Measurements at each 

site were carried out for 15-minutes and repeated for day and night-time (total of four 

measurements per site). Surveys were undertaken in parallel with ongoing ecological 

surveys of the location.  

Measurements were collected using a bench and field-calibrated Rion NL-52 

integrating Class 1 (IEC 61672-2002) sound level meter, with data stored on the 

device’s internal memory as well as on detailed field-sheets. Measurement locations 

were chosen to minimise reflective phenomena or interruptive weather conditions in 

accordance with ISO1996-1:2016.  

Reported parameters included maximum and average noise levels as well 

identification of specific sound events where feasible and were reflective of the 

characteristics of the ambient noise environment and nature of the project. 

• Measurements Overview: 

o 15-minutes each site (day/night/weekday/weekend). 

o Total 1 hour per site. 

o Total 3 hours at location. 

• Parameters: 

o LAeq, LAMax, LA10, LA50, LA90. 

 

Plate 2:  Noise meter deployed on location 
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2.2 Soil and Groundwater Inspection and Analysis 

A visual survey of the surface for any signs of contamination was conducted in parallel 

with ecological and noise survey data collections at the location.  

Where visible contamination was identified, a GPS waypoint will be collected. For large 

areas, a tracked path was walked around the edge, using the GPS tracklog to map the 

extent of contamination.  

All identified instances were reported with accompanying geo-referenced 

photographs. 

8 soil samples were collected by hand augur along the cable corridor (see Figure 1) 

and analysed at an ENAS accredited laboratory. Data is provided in Annex B. 

No groundwater samples were collected, as there were no sources within or near to 

the survey footprint. 

 

Plate 3:  NEA scientist using soil augur on location (NEA File Photo) 
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2.3 Ecology Survey Methodology 

Field activities involved day-time drive-over and walkabouts in selected areas, with 

one overnight trapping effort involving deployment of Bushnell camera traps (Plate 3) 

at selected locations. Figure 1 details trap and photo locations. 

Bushnell camera traps were deployed at locations considered potentially suitable for 

mammal and/or reptile activity, such as near burrows or in areas of particularly dense 

vegetation and/or visible track activity.  

Binoculars were also used to help find and identify bird species within the area and 

where possible, high-definition pictures were taken and have been used in this report, 

where deemed appropriate.  

All photos displayed in this report were taken on location unless otherwise stated 

(NEA File Photo). 

 

Plate 4:  Recording gecko tracks in sand 
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Plates 5 & 6:  Camera Trap deployed on location (top); domestic cat recorded on location 

(bottom) 
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3.0 Survey Results 

3.1 Noise Measurement Analysis 

A baseline survey was conducted in the area of the proposed landfall, including three 

separate locations, with four fifteen-minute measurements each, representative of 

residential noise receptors, such as those to the north of the alignment. The locations 

of the noise measurement station (N01-N03) are shown in Figure 1. 

 The combined measurement period at each location was 1 hour, representing 

weekday, weeknight, weekend day and weekend night time periods. The aim of the 

noise measurements is to provide an indication of existing ambient conditions as well 

as to identify any significant anthropogenic noise sources which may affect any 

subsequent assessments of noise. Measurements were collected using a bench- and 

field-calibrated Rion NL-52 integrating Class 1 (IEC 61672-2002) sound level meter 

(SLM) with data stored on the device’s internal memory as well as on detailed field-

sheets. The SLM and microphone were field calibrated before and after each 

measurement to detect and account for any drift in the measured noise levels.  

Measurement locations were chosen to minimise reflective phenomena or 

interruptive weather conditions in accordance with ISO1996-1:2016. 

3.1.1 Noise Measurement Locations 

The Mirfa landfall area would currently be classified as ‘residential with light traffic’ 
(day and night-time noise limits of 50 dBA and 40 dBA respectively). The completion 

of the landfall infrastructure would expectedly result in these areas being reclassified 

as ‘heavy industry’ (limits of 70 dBA and 60 dBA respectively), however the 

infrastructure itself would not likely add to the ambient noise environment and as 

such, all ambient noise levels have been assessed against the more stringent 

residential limits for day and night-time periods of 50 dBA and 40 dBA, respectively. 

3.1.2 Noise Result and Analysis 

A breakdown of measured noise metrics for the measurement sites at the Mirfa 

landfall is provided in Tables 3, 4 and 5 overleaf. 

Only two of the noise measurements exceeded the statutory noise limit for the given 

period. These were the weeknight noise level at N02 and the weekday period at N03, 

each exceeding the ambient limit by less than 2 dBA. There is no obvious cause for the 

increased noise level in either case. Overall, the noise climate of the landfall area is 

relatively undisturbed by anthropogenic noise. Further, the site is sufficiently removed 

from the nearest noise sensitive receptor that any increase in noise levels as a result 

of Project activities are unlikely to affect the overall ambient noise environment in a 

way which may cause significant impact to residential properties.  
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Table 3: Noise measurement metrics for Mirfa Landfall, site N01 

Site  N01 

Period  Week Day Week Night Weekend D Weekend N 

LAeq dBA 48.9 34.3 40.4 36.2 

Lmax dBA 66.2 49.2 53.3 52 

L10 dBA 52.8 35.9 43.3 37.1 

L50 dBA 47.9 33.8 39.4 36.0 

L90 dBA 43.0 33.0 36.0 35.0 

Environmental Conditions 

Average Windspeed m/s 1.95 1.23 3.51 0.76 

Max Windspeed m/s 4.47 2.17 5.11 2.31 

Average Temp °C 35.6 25.2 37.4 32.3 

Average Humidity % 64.8 91.5 40.8 75.3 

Table Key: 

 Exceeds the relevant ambient noise limit of 50 dBA (daytime) or 40 dBA (night-time) 

D = Day / N = Night / dBA = Decibels / m/s = Metres per Second / °C = Degrees Centigrade / % = Percentage 

 

Table 4: Noise measurement metrics for Mirfa Landfall, site N02 

Site  N02 

Period  Week Day Week Night Weekend D Weekend N 

LAeq dBA 36.6 41.6 36.7 31.7 

Lmax dBA 46.4 49.9 47.8 53.6 

L10 dBA 37.9 42.4 39.4 32.6 

L50 dBA 36.4 41.5 36.0 30.3 

L90 dBA 35.5 40.9 33.9 29.5 

Environmental Conditions 

Average Windspeed m/s 2.56 1.43 4.03 1.72 

Max Windspeed m/s 3.11 1.78 5.31 2.89 

Average Temp °C 28.4 24.2 37.7 31.5 
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Table 4: Noise measurement metrics for Mirfa Landfall, site N02 

Site  N02 

Period  Week Day Week Night Weekend D Weekend N 

Average Humidity % 85.2 92.4 47.1 80.5 

Table Key: 

 Exceeds the relevant ambient noise limit of 50 dBA (daytime) or 40 dBA (night-time) 

D = Day / N = Night / dBA = Decibels / m/s = Metres per Second / °C = Degrees Centigrade / % = Percentage 

 

Table 5: Noise measurement metrics for Mirfa Landfall, site N03 

Site  N03 

Period Week Day Week Night Weekend D Weekend N 

LAeq dBA 51.5 39.8 35.2 35.9 

Lmax dBA 66.2 58.8 52.3 54.7 

L10 dBA 55.0 43.8 37.0 37.0 

L50 dBA 50.6 37.8 34.7 35.7 

L90 dBA 44.0 35.7 33.2 34.1 

Environmental Conditions 

Average Windspeed m/s 2.24 1.90 3.87 0.56 

Max Windspeed m/s 3.39 2.50 5.11 0.92 

Average Temp °C 30.9 24.4 35.8 29.8 

Average Humidity % 75.7 93.4 53.8 85.8 

Table Key: 

 Exceeds the relevant ambient noise limit of 50 dBA (daytime) or 40 dBA (night-time) 

D = Day / N = Night / dBA = Decibels / m/s = Metres per Second / °C = Degrees Centigrade / % = Percentage 
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3.2 Soil Analysis 

Soil sampling was undertaken during site visits in May, at eight targeted locations 

within the survey area via a hand auguring tool to a target depth of 2m below ground 

level (bgl) or to the depth where bedrock or groundwater was encountered.  

The excavated soil was placed on a clean plastic sheet, free from potential 

contaminants or cross contaminants. The soil samples were sealed and marked and 

stored in a dedicated sample box for transportation to the laboratory. The coordinates 

for the monitoring locations are presented in Table 6 and locations are provided in 

Figure 1.  

Table 6: Soil Sampling Locations   

Site ID Latitude Longitude Depth (m) 

S01 24.1131 53.463 1.2 

S02 24.1151 53.4601 1.0 

S03 24.1168 53.4568 1.1 

S04 24.1159 53.454 1.0 

S05 24.1204 53.455 1.0 

S06 24.1113 53.4641 1.4 

S07 24.1117 53.4564 1.0 

S09 24.108 53.4519 1.0 

Table Notes: Latitude / Longitude in WGS84 Decimal Degrees / m = Metres 

 The full results are presented in Table B1, Annex B. The results were compared with 

the Abu Dhabi Quality and Conformity Council (ADQCC) Environmental Specification 

for Soil Contamination Soil Limits for Industrial and Commercial use (ADS 19/2017). A 

copy of the standards is provided at Table B2, Annex B. 

Results for all locations/depths where in compliance with the standards and there 

were no visible signs of soil contamination or significant odour recorded from any 

location or any sample collected. 
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3.3 Ecological Survey  

3.3.1 Habitat Overview  

The habitat classifications described in this report are defined based on a priori 

schema classification system devised by Brown and Boer in ‘Interpretation Manual of 
the Major Terrestrial Natural and Semi-natural Habitat Types of Abu Dhabi Emirates’. 
These categories have been expanded by the EAD to include elements of land use and 

land cover. 

NEA was part of a consortium that produced a habitat map for the whole of the 

emirate of Abu Dhabi, under contract from EAD. The main tool used in mapping was 

satellite imagery, but with a lot of ground-truthing by NEA. A computer was “trained” 
to recognise spectral signatures of habitats, and these were then mapped 

automatically. The accuracy of the map was confirmed by visiting a very large number 

of pre- selected random points. The distribution of the habitats discussed in this report 

are shown in Figure 2, which has been taken from the final habitat map for the emirate 

(which is available on the EAD website). 

The latest revision of the Environment Agency Abu Dhabi (EAD) Habitat Map was 

referred to and was found to be generally accurate for the overall site and larger 

habitat expanses. However, some habitats, including some considered as critical, are 

completely absent from the map. The most notable example of a missing habitat is the 

area of mangroves on the coast to the south-east of the private villa compound.   

A couple of habitats identified on-ground cover small areas, that are often 

interspersed within major habitat-types (such as beach rock within sandy beaches and 

mudflats) and are therefore absent from the map. It must be noted that the habitat 

map covers the whole of Abu Dhabi Emirate, so it was necessary to use a Minimum 

Mapping Unit (MMU) to limit the size of each habitat unit that would be separately 

mapped. This is likely the reason why some habitats covering minor areas were not 

picked up by the computer. 

The proposed pipeline route will initially make landfall over an area of intertidal 

mudflats exposed at low tide. Upon reaching the coastline, the proposed route passes 

diagonally over a strip of coastal sand sheets and low dunes that at the point of 

planned dissection are approximately 150 metres wide. From this point on, the route 

will traverse exclusively over approximately 2.6km of the habitat: coastal plains on 

well-drained sandy ground, until the onshore processing plant is reached.  

The greater survey area (within 500m of the pipeline footprint) encompasses a total 

of 9 terrestrial habitats. Of these, Oil Industry (EAD Habitat Code (HC) 9210), Low 

Density Urban (EAD HC 9120), Date Plantations (EAD HC 8100) and Pipelines 

Infrastructure (EAD HC 9500) constitute the anthropogenic habitats within the greater 
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survey area. Natural habitats present within the greater site comprise of Mudflats and 

Sand Exposed at Low Tide (EAD HC 1010), Coastal Sand Sheets and Low Dunes (EAD 

HC 2020), Coastal Sabkha (EAD HC 3100), Mangroves (EAD HC 1040) and Coastal Plains 

on Well-drained Sandy Ground (EAD HC 2011).  

The proposed pipeline will be directly situated in four of the abovementioned habitats. 

The threat status, area in km2, description and percentage cover of the four habitats 

directly situated within the proposed route are presented in Table 7. Figure 2 shows 

an updated habitat distribution map that reflects changes made by NEA (addition of 

mangroves) to the pre-existing habitat map produced by EAD. 

Habitats present at the site that are classified as critical and environmentally sensitive 

are discussed in greater detail in subsequent sections, with marine habitats/species 

not forming a part of this scope. 

Table 7: Habitat Description & % cover (Pipeline Footprint) 

H/T Description Threat Status Area (km2) % Cover  

1010 Mudflats and sand exposed 

at low tide 
Critical Habitat 0.00637273 1.8% 

2011 Coastal plains on well-

drained sandy ground 
Not Sensitive or 

Critical 
0.33734763 95.09% 

2020 Coastal sand sheets and low 

dunes 
Environmentally 

Sensitive Habitat 
0.01069161 3.01% 

3100 Coastal sabkha, including 

sabkha matti 
Not Sensitive or 

Critical 
0.00034359 0.1% 

Table Notes: 

 H/T = Habitat Type;  
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3.3.1.1 Coastal Sand Sheets & Low Dunes (2020) 

This habitat type has a patchy coastal distribution within the Abu Dhabi emirate. With 

more than 3% vegetation cover, perennial grasses and dwarf shrubs are the most 

prominent elements of the flora here.  

An interesting feature of the soil here is that it lacks direct influence of salt despite its 

proximity to the coast. This enables the growth is salt intolerant species (glycophytes). 

Heavy rains at the onset of winter followed by occasional showers provide favourable 

conditions for desert annuals although they are scarce during prolonged warmer 

periods.  

These coastal white sands also support breeding Chestnut-bellied Sandgrouse, 

Pterocles exustus, a national priority species and also the Black-crowned Finch-Lark, 

Eremopterix nigriceps. 

The landscape of this habitat is characterised by hummocky terrain on pale coralline 

and oolitic sand. These coarse sands are derived almost exclusively from the remnants 

of marine organisms and carbonate sediments. They are generally favourable for plant 

growth in arid regions because of their capacity to store water often for substantial 

periods.  

After the winter showers, water percolates through the upper sand layers, to be 

stored in the sub surface layers where it is not lost through evaporation or surface 

run-off.  Even plants with shallow roots are able to tap into this periodic reserve and 

once established they serve to stabilise the dunes. 

Coastal Sand Sheets and Low Dunes currently face great pressures from the 

widespread coastal development in Abu Dhabi. They are likely to continue to 

deteriorate in the absence of impact mitigation measures and are hence classified as 

an environmentally sensitive habitat. 
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Plates 7 & 8: (top & bottom) Sand Sheets & Low Dunes  
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3.3.1.2 Mangroves (1040) 

This habitat consists of inter-tidal areas dominated by the Grey Mangrove, Avicennia 

marina. Within the study area, the sheltered embayment to the south of Shuweihat 

Power Complex contains a mangrove forest that covers approximately 119,000m2.   

Avicennia marina is an evergreen tree or shrub, growing up to 6-7 metres high.  

The trunk is light brown and branches green. The leaves are dark glossy green and oval 

shaped with a pointed tip. Flowering between May and June, the flowers are orange-

yellow. In the past, they could be used as wood for fuel and young branches as fodder 

for livestock.    

Mangroves in Abu Dhabi are a protected critical habitat and occur along much of the 

coastline, but at a higher density in intertidal lagoons and surrounding off-shore 

islands. Mangroves are considered as a critical habitat due to a number of factors that 

include: 

• They act as a nursery for juvenile fish and support sponges, worms, crustaceans, 

molluscs and algae and also provide shelter from wind and waves, to the benefit 

of many species of wader, herons, egrets, flamingos, gulls and terns; 

• They provide protection to coastal areas from storms, with their root system 

also stabilising underlying sediment which is rich in nutrients; 

• Some bird species nest in mangroves, particularly Western Reef Heron, Egretta 

gularis, and Striated Heron, Butorides striata, in the UAE, migratory birds also 

rest in them and feed on the insects that they support. 

The mangroves in the study area appeared to be in good health with healthy leaves 

and branches (Plates 9 & 10) and no apparent diseases or dead trees were observed. 

Fish fry and the Mottled Crab, Metopograpsus messor, a grapsid crab that inhabits 

mangroves, were found in abundance between the mangrove pneumatophores. Plate 

11 shows the latter photographed during the survey.     

Covering a relatively small area (119,000m2), the mangroves present in the survey area 

were absent from the EAD habitat. Figure 2 reflects the changes made by NEA to the 

existing habitat map, which now includes the mangroves, following investigations 

conducted on-ground.  
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Plates 9 & 10: (top) Avicennia marina; (bottom) Avicennia marina in flower  
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Plates 11 & 12: (top) Metopograpsus messor; (bottom) rope entangled with mangrove 

pneumatophores  
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3.3.1.3 Coastal Sabkha (3100) 

Sabkha is originally an Arabic term referring to flat, salt encrusted desert that is usually 

devoid of any plant cover. The high concentration of salts on the sabkha surface 

prevents the growth of most flora. Halophytes (salt tolerant plants), however, may 

occur when there is a thin layer of sand over the surface. Soil salinity is another factor 

exerting a highly selective effect on plant growth.  

High concentrations of salts on the sabkha surface prevents growth of most plant 

species and as a consequence sabkha appears to be distinctly barren. Plant species 

associated with this habitat type, predominantly halophytes such as the chenopod 

Haloxylon salicornicum, are restricted to the margins. Some species do germinate on 

the sabkhas but only after a period of heavy rainfall as this leads to a temporary 

reduction in the salt concentrations. Tetraena mandavillei is one such species. Once 

the plants have gained a foothold, they may survive for some years in a state of 

dormancy by shedding their succulent leaves. They then develop new leaves and 

resume growth after further heavy downpours. 

Coastal sabkha is a major landscape feature in Abu Dhabi Emirate, and extends for 

over 300km from near Sila in the west, to the border of Dubai Emirate and beyond in 

the east. Although sabkha occurs in deserts throughout the world, the coastal sabkha 

present in Abu Dhabi has been described as the best example found anywhere and is 

deserving of world heritage status. The habitat is of particular interest to petroleum 

geologists. 

Very low densities of plant life, a lack of shade and soils high in salt concentration 

make for harsh conditions that prevents any significant faunal and floral communities 

being able to inhabit such areas. That being said, a few species are associated with this 

habitat, but very few would be considered to wholly rely upon it.   

A few small lacertids can be found on areas of sabkha, namely, these are Spotted Toad-

headed Agama Phrynocephalus maculatus, Gulf Sand Gecko, Pseudoceramodactylus 

khobarensis and Arabian Toad-headed Agama, Phrynocephalus arabicus, 

P. arabicus was found in close proximity to an area of coastal sabkha during the survey. 

The only other species proven to frequent the sabkha habitat in the site of study was 

Arabian Red Fox, Vulpes vulpes arabica, identified here by their tracks. Being highly 

mobile, home ranges of up to 50km are common. Though unlikely to find food in such 

barren expanses, foxes will instead traverse areas of sabkha into favourable habitats 

where food is more plentiful.  
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Plates 13 & 14: (top & bottom) Coastal Sabkha 
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3.3.1.4 Mudflats & Sand Exposed at Low Tide (1010) 

This habitat consists of intertidal, coastal areas where sand and mud are deposited by 

tides and is mostly devoid of vegetation. Found along most of the mainland coast and 

surrounding offshore islands, mudflats cover approximately 290.94km2 of the emirate 

of Abu Dhabi. The mudflats in the study area extend from the shoreline for 800 metres 

and cover an area of approximately 0.59km2. 

This is an important habitat for many species of shorebirds and waders and during 

certain times of the year, many thousands of birds can be present at this habitat 

throughout the country on any given day, feeding on benthic invertebrates during low 

tides.  

Mudflats are often devoid of vegetation but can also be found with less than 10% 

vegetation cover. No plants are generally found in these habitats, with the exception 

of one species of seagrass, Halodule uninervis, which can be exposed at low tide 

(usually sparse).   

According to the EAD Habitat Map this habitat type at the project location covers 

approximately an area of within the greater survey area, and 1.8% of the Proposed 

Pipeline Footprint. This is an important habitat for wading birds feeding on benthic 

invertebrates during low tides. 
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Plates 15 & 16: (top & bottom) Mudflats & Sand Exposed at Low Tide 
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3.3.2 Flora 

With the exception of the Conocarpus lancifolius trees planted alongside the private 

villa perimeter wall at the east of the site boundary, just seven naturally occurring 

species of vascular plant were recorded across each habitat in the survey area, as 

follows: 

• Salsola imbricata; 

• Halopeplis perfoliata; 

• Heliotropium kotschyi; 

• Suaeda vermiculata; 

• Avicennia marina (Grey Mangrove); 

• Tetraena qatarensis; 

• Tetraena simplex; 

All these species are locally common along the UAE coast and are perennial, halophytic 

chenopods, except Salsola imbricata, which is an annual halophytic plant. No 

glycophytes were recorded in the survey though little rainfall had occurred in the 

months preceding the survey so it is likely that the seven plants recorded in the survey 

will be supplemented by additional annual glycophytes following periods of rain in 

cooler months. 

Halopeplis perfoliata is the dominant plant within the coastal sand sheets and low 

dunes habitat, and indeed at the site overall, where it frequently forms monospecific 

stands. Common along the Arabian Gulf coast and inland, this halophytic shrub can be 

frequently found growing next to salt marshes and sabkhas.  

H. perfoliata is described as a perennial and woody shrub, with stems that are covered 

in green, clustered flowers that form strings of beads. Flowering occurs from 

September to December.  

The presence of Heliotropium kotschyi was determined at the site through the 

identification of a single specimen, making it the rarest plant in the survey area at the 

time of investigation. However, despite its uncommon presence in the survey area, it 

is common and widespread at coastal sites throughout the UAE, though less so in parts 

of the northern emirates.  

H. kotschyi is described as a perennial and woody shrub with stems that are up to 

60cm long, containing small, white flowers. H. kotschyi flowers all year round making 

it an important plant for pollinating insects. Plate 22 shows the lone specimen found 

in the survey, in flower.   



  

NAUTICA ENVIRONMENTAL ASSOCIATES LLC  

N684-0621-MIR-1.1 dated September 2021 34 
 

A mature stand of the Grey Mangrove (Avicenna marina) Is present within the eastern 

intertidal shoreline where the coast to the north of the mangroves protrudes and 

creates shelter from wave action, which has allowed a relatively small but dense 

mangrove forest to develop. The mangroves here range in height from 2 to 5m. 

Salsola imbricata was found on a couple of occasions during the survey. Common on 

both coasts of the UAE, this herb is found in saline sand and on disturbed ground. This 

plant was one of the first plants to colonise coastal landfills. S. imbricata is an annual 

herb that has 30-80cm long stems which are covered in green and brown leaves that 

form strings of beads. This plant flowers from September to December.  

Tetraena qatarensis (Plate 19) occurs frequently in the survey area, particularly within 

the habitat transitional zone between coastal, low dunes and sandy coastal plains. T. 

qatarensis is one of the commonest and widely dispersed plants in the UAE. It occurs 

from coastal sites and offshore islands to deep sand deserts in the far south of the 

country. T. qatarensis is described as a small shrub with dense branches that extend 

up to 80cm in length. Its glossy, green leaves are cylindrical and are 0.3cm to 0.8cm 

long. Flowering from December to March, the flowers are small, white, and enclosed 

by green and brown sepals. This dwarf shrub was once used for purgative treatment 

on livestock.  

Grazing pressures on the naturally occurring vegetation at the site are considered to 

be very low to non-existent. Livestock is not kept within the site or within adjacent 

lands and no evidence was found to suggest wandering livestock (such as domestic 

camels) frequent the site. Wild grazers (gazelle for example) may visit the site from 

time to time, but this was unsubstantiated during the study.  
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Plates 17 & 18: (top) Halopeplis perfoliata (foreground); (bottom) Suaeda vermiculata 
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Plates 19 & 20: (top) Tetraena qatarensis; (bottom) Suaeda vermiculata 
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Plates 21 & 22: (top) Avicennia marina; (bottom) Heliotropium kotschyi  
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Table 8: Plant species recorded during the survey 

Family name Scientific Name Status During Survey  Status in UAE/IUCN 

Amaranthaceae Halopeplis perfoliata The dominant plant species in the 

coastal dune habitat, occurring in high 

densities  

UAE: Common saltmarsh plant 

IUCN: NE 

Amaranthaceae Salsola imbricata Occasionally noted UAE: Common halophyte 

IUCN: NE 

Amaranthaceae Suaeda vermiculata Occasionally noted UAE: Common halophyte 

IUCN: NE 

Avicenniaceae Avicennia marina A dense and mature stand present on 

the shoreline 

UAE: Locally common 

IUCN: NE 

Boraginaceae Heliotropium kotschyi Rare in the survey area. Only a single 

specimen found 

UAE: Common on the coastline of the UAE 

IUCN: NE 

Zygophyllaceae Tetraena qatarensis Most abundant flora within the overall 

site 

UAE: Common to AD coast & N. Emirates. 

IUCN: NE 

Zygophyllaceae Tetraena simplex Occasionally noted UAE: Common  

IUCN: NE 

Table Key: C-Name = Common Name / IUCN = International Union for the Conservation of Nature / NE = Not Evaluated / UAE = United Arab Emirates 
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3.3.3 Mammals and Reptiles 

An extensive diurnal walkover was conducted to search for the presence of mammals 

and reptiles within the site boundary. Five camera traps were also set overnight to 

record any nocturnal specimens. The traps were set at locations deemed to be support 

the highest density of fauna based on the frequency of ecological indicators such as 

tracks, burrows, and scats.  

Arabian Red Fox, Vulpes vulpes arabica, Feral Cat, Felis catus and Cheesman’s Gerbil, 
Gerbillus cheesmani, were the only mammals recorded in the survey; their presence 

initially indicated by frequent tracks, later proven through camera trap footage.  An 

occupied burrow belonging to the latter was also located. 

Lizard tracks were seen in several locations, normally where the density of vegetation 

was a higher such as along the low dunes landward of the beach. Gecko prints were 

clearly visible here although it would be very difficult to identify the gecko to species 

level using the tracks alone, due to the size of the prints and the almost identical prints 

of several geckos associated with such locations in the UAE.  

Additional prints made by a small lizard were seen in the same location. These tracks 

were identified as being made by a member of the Phrynosomatidae family that are 

commonly referred to as the Fringe-toed Lizards.  Tracks made by these lizards show 

a tail drag mark and, as their common name suggests, fringed toes of varying lengths. 

Based on the location and proximity to the coast, it is most likely that a Schmidt’s 

Fringe-toed Lizard, Acanthodactlyus schmidti, made the tracks, but this cannot be 

verified by tracks alone.  

Arabian Red Fox, Vulpes Vulpes arabica (Plate 23), tracks were frequently recorded 

during the diurnal survey. The numerous tracks indicated that the foxes were most 

active around the villas. A camera trap was placed at the end of a chokepoint where a 

villa compound wall at one side and mangroves at the other, funnels mobile fauna 

along a narrow strip which eventually leads to a gap in a fence that is clearly, 

frequently used by cats and foxes. Plates 23 and 25 show camera trap stills of a fox 

and cat traversing under the fence, respectively.  

The Arabian Red Fox is known to be solitary, so it is possible that the tracks found 

belonged to one fox present within the study boundary. Common and widespread 

throughout the UAE, the Arabian Red Fox is highly adaptive to most habitats, such as 

deserts, mountains, and urban environments. Foxes feed on reptiles, rodents, and 

birds, which are all present in the survey area. 
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A small burrow that was clearly excavated by a rodent was found next to a pile of 

discarded anthropogenic debris approximately 50 metres away from an abandoned 

falcon trappers hide. A camera trap was subsequently placed pointing in the direction 

of the burrow entrance in order to identify the occupant.  

Upon reviewal of the data captured by the camera trap, an identification of 

Cheesman’s gerbil was able to be ascertained from stills captured by the camera trap 
which was triggered on several occasions as the gerbil entered and exited its burrow. 

Plate 26 shows the Gerbil, captured on camera in the early hours of the morning of 

22.05.21. 

Cheeseman’s Gerbil is a common and widespread rodent in sandy deserts and gravel 

plain environs in the UAE. It is a nocturnal, desert-dwelling species that lives in semi-

permanent burrows to escape the midday heat. Burrows are sometimes dug close to 

one another, forming colonies. A primarily herbivorous species, they also occasionally 

feed on invertebrates such as beetles and arachnids.  

A single Arabian Toad-headed Agama, Phrynocephalus arabicus, was the sole reptilian 

species sighted and thus identified to species level throughout the entire survey 

period, showing the site supports a low diversity of reptiles. The agama was seen 

within a habitat transitional zone between sabkha and coastal plains where vegetation 

is sporadic, and some is dead/dormant.  

P. arabicus is a small agamid, highly specialised for life on soft, aeolian sand and is one 

of the most common lizards in the UAE, found wherever there are sand sheets, dunes 

or sandy plains. They are most often seen during the heat of midday, as was the case 

during the survey. 
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Plates 23 & 24: (top) Arabian Red Fox, Vulpes vulpes arabica; (bottom) (NEA File Photo) 

White-spotted Lizard, Acanthodactylus schmidtii 
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Plates 25 & 26: (top) Feral Cat, Felis catus; (bottom) Cheesman’s Gerbil, Gerbilus cheesmani 
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Plates 27 & 28: (top) Arabian Red Fox Tracks; (bottom) Cheesman’s Gerbil tracks 
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Table 9: Mammal and Reptile species recorded during the survey 

C-Name Scientific Name Status During Survey  Status in UAE & IUCN 

Arabian Red fox Vulpes vulpes Common. Numerous tracks were found, and 

an individual was captured several times on 

camera trap 

UAE: Common and widespread 

IUCN: LC 

Feral Dog Canis lupus familiaris Tracks were observed, but no actual sightings UAE: Common with human habitation 

IUCN: LC 

Feral Cat Felis catus Caught on camera trap at a few locations UAE: Common with human habitation 

IUCN: LC 

Cheesman’s Gerbil Gerbillus cheesemani A burrow belonging to the species was located. 

A specimen was later captured on camera trap 

UAE: Common / IUCN: LC 

Arabian Toad-headed Agama Phyrocephalus arabicus One sighted within an area of coastal sabkha UAE: Common / IUCN: LC 

Gecko Buopus sp. Tracks seen on a couple of occasions UAE: Common and widespread 

IUCN: LC 

Fringe-toed Lizard Acanthodactylus sp. Tracks seen on a couple of occasions UAE: Common and widespread 

IUCN: LC 

Table Key:  

C-Name = Common Name / IUCN = International Union for the Conservation of Nature 

LC = Least Concern / UAE = United Arab Emirates 
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3.3.4 Birds  

Avifauna at the site was assessed throughout the days of 20th to the 22nd of May and 

on the morning of 24th of May 2021. Systematic counts of all species present were 

made using 10X binoculars and 20-60X telescopes. Every bird encountered during the 

survey was able to be identified to species level, using criteria outlined in various 

popular references.  

Incidental observations were made covering the site overall. In addition, a dedicated 

duration was selected for a stationary count of shorebirds using a telescope from an 

elevated position on the beach ridge overlooking the intertidal flats where avian 

activity is concentrated at the site.  

In total, 13 species of birds, totalling 73 individuals were recorded during the site visits. 

Counts of all the birds seen on the three days are given in Table 13, scientific names 

for all taxa, as well as IUCN status are presented therein.   

Just six species of waders were recorded in the survey. The low diversity of shorebirds 

is not unusual for the time of the survey (early summer) as shorebird numbers using 

the site will naturally decline from April onwards as birds depart northwards to 

breeding grounds, although reduced (though still significant) numbers of non-

breeders are likely to remain all summer, as they do in intertidal areas along the 

entirety of Abu Dhabi’s coastline. Numbers will then start to increase again from late 

August onwards, as wintering birds arrive, and south-bound migrants pause to refuel. 

The most numerous wader recorded in the survey was Kentish Plover, Charadrius 

alexandrinus, which was counted on 16 occasions foraging along the sandy beach and 

on the mudflats at low tide. The site is considered to be a suitable location for this 

species to breed, though no nests, fledglings, or any behaviour indicating breeding at 

the site was found in this instance. 

One avian species was proven to be breeding at the site at the time of the survey. A 

single, Red-wattled Lapwing, Vanellus indicus, nest was located at night while NEA 

ecologists were driving between noise monitoring sites. The nest consisted of a scrape 

on the ground in a sparsely vegetated area, approximately one hundred metres inland 

of the vegetated coastal dune strip. The lapwing was incubating its eggs when first 

sighted but took flight upon seeing the survey vehicle from approximately 30 metres 

away. After the lapwing left the nest, four eggs were visible inside the scrape type 

nest. V. indicus nests are difficult to detect as the eggs are cryptically coloured and 

usually match the substrate on which they sit. It is therefore likely that additional nests 

are present at the site but remain well hidden. A photo was not taken of the nest as it 

was decided that the risk of disturbance from taking a close-up photo (the only option 

at night) was too great. A GPS coordinate, however, was swiftly taken of the breeding 

site by an ecologist on-foot.   
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Red-wattled Lapwing is an Indo-malayan species. It is now resident in much of Arabia, 

being dispersive, it is rapidly colonising new sites, particularly ephemeral wetlands 

which are generally man-made in Arabia. They nest colonially around fresh and 

saltwater pools, sewage ponds, lakes, and lagoons. The population in the country is 

almost certainly spreading and increasing due to proliferation of groundwater 

abstraction (which frequently results in the formation of surface flashes) which allows 

the species to frequent sites that were previously too arid and inhospitable.  A recent 

trend in the UAE has been noted towards breeding in simply well-watered market 

gardens and fields of vegetables (Aspinall 2010).  

Another bird that has been introduced to the UAE, the presence of Grey Francolin, 

Francolinus pondicerianus, (Plate 31) within the site footprint was initially indicated 

acoustically by their distinctive call, often heard in the early morning. Further evidence 

of the species common presence within the site footprint came from their tracks which 

were clearly imprinted into the soft coastal sands just above the high tide mark. Plate 

32 shows tracks made by F. pondicerianus, along a mesh fence that marks the southern 

boundary of the EAD pearl oyster cultivation centre. A small covey of three francolins 

were eventually seen on the last morning of the survey as the birds were foraging 

along the vegetated, sandy hummocks. Up until the 1950s Grey francolin was 

restricted to the Batinah (Oman), Ra’s al-Khaimah and some inland cultivations such 

as that at Dhaid (Guichard & Goodwin, 1952). Their presence in the survey area is 

therefore indicative of this species’ increasing population and rapid spread from the 

north and east of the UAE.  

Western Osprey, Pandion haliaetus, was recorded on a single occasion in the survey 

when an individual was seen in-flight passing over the stand of mangroves situated to 

the north-eastern shoreline of the site. Western Osprey has a very large global range 

being absent only from Antarctica, at both coastal and freshwater environments. The 

resident population on the coasts and islands of the Abu Dhabi emirate is one of the 

densest anywhere in the world. The Arabian Gulf population is thought to be 

genetically isolated from those in the Red Sea, which also has a large population. 

Osprey eyries are large and conspicuous and can grow to a very large size, as nesting 

materials are added every breeding season. Therefore, it is clear that Osprey seen 

during the survey are not breeding at the site or in adjacent land, as no eyries were 

visible. Instead, Osprey are likely to use the coastal site to catch fish or merely pass 

through the site in search of more plentiful fishing waters.  

The UAE Osprey population is thought to number 75 to 100 pairs but is declining, most 

likely as a result of development on islands and increased human disturbance. P. 

haliaetus has one of the largest worldwide ranges of any bird and has an increasing 

population globally. Therefore, the species is considered as ‘Least Concern’ on the 
IUCN Red List of threatened species.  
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The most numerous avian species recorded was the House Sparrow, Passer 

domesticus. House Sparrows are the most widely distributed wild bird. They are found 

in most parts of the world and are a very common resident breeder in the UAE. They 

are often seen near human habitation and frequently roost and nest in buildings. They 

were frequently observed in the survey area away from sabkha and sparsely vegetated 

though in a higher concentration around the mangroves and adjacent to the occupied 

villas.  

Two additional very common passerine species, associated with areas of human 

habitation were encountered during the survey area. These were Laughing Dove, 

Spilopelia senegalensis and Eurasian Collared Dove, Streptopelia decaocto. The former 

was recorded in higher numbers, eight in total, while six of the latter were sighted and 

heard, making their distinctive and frequently heard coo-cooh-co call, from the 

Conocarpus trees within the private villa grounds. The two species are quite easy to 

distinguish because of the smaller size of S. senegalensis and presence of a distinctive 

black stripe around the back of the neck of S. decaocto. 

One wader recorded in the survey is listed as ‘Near Threatened’ on the IUCN Red List 

of threated species and has a declining population. This was Eurasian Curlew, 

Numenius arquata. Three were seen in the survey foraging on the intertidal flats at 

low tide. In the UAE, N. arguata occurs predominantly as a winter visitor and passage 

migrant and does not breed in the country. However, juveniles do not migrate to 

northerly breeding grounds in spring, therefore, a small number over-summer in the 

UAE, which explains their presence in low numbers noted in the survey. Threats to the 

above-mentioned threatened species include loss and disturbance of mudflats from 

construction works, development of high-tide roosting sites, and pollution. 

All other avian species recorded in the survey are listed as ‘Least Concern’ on the IUCN 
Red List of threatened species. All bird species recorded during the survey are listed in 

below in Table 10, with threatened species highlighted in red. 
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 Plates 29 & 30: (top) (NEA File Photo) Kentish Plover, Charadrius alexandrus; 

(bottom) White-eared Bulbuls, Pycnonotus leucotis 
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Plates 31 & 32: (top) Grey Francolin, Francolinus pondicerianus; (bottom) Grey 

Francolin tracks 
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 Plates 33 & 34: (top) (NEA File Photo) Greater Hoopoe-lark, Alaemon alaudipes; 

(bottom) (NEA File Photo) Western Osprey, Pandion haliaetus 
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Plates 35 & 36: (top) (NEA File Photo) Red-wattled Lapwing, Vanellus indicus; (bottom) (NEA 

File Photo) Western Reef Heron, Egretta gularis 
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Table 10: Bird species recorded during the survey 

Common Name Scientific Name Count Status On-site  Status in UAE / IUCN 

Grey Francolin Francolinus pondicerianus 3 Tracks frequently noted. Heard calling 

from within private villa grounds. A 

covey of 3 later observed 

UAE: Common resident breeder 

IUCN: LC 

Western Reef Heron Egretta gularis 4 Four seen on the intertidal mudflats UAE: Common resident breeder 

IUCN: LC 

Osprey Pandion haliaetus 1 Flew overhead on a single occasion 

over the mangrove area 

UAE: Moderately common resident 

breeder 

IUCN: LC 

Red-wattled Lapwing Vanellus vanellus 1 One adult found incubating a nest of 4 

eggs 

UAE: Common resident breeder 

IUCN: LC 

Kentish Plover Charadrius alexandrinus 16 Seen foraging along beach and on 

intertidal flats 

UAE: Common resident breeder 

IUCN: LC 

Lesser Sand Plover Charadrius mongolus 6 Seen foraging along beach and on 

intertidal flats 

UAE: Migrant/visitor primarily in winter 

IUCN: LC 

Eurasian Curlew Numenius arquata 3 Three seen foraging on intertidal flats UAE: Migrant/visitor primarily in winter 

IUCN: NT 

Common Greenshank Tringa nebularia 1 One seen on the beach at high tide UAE: Migrant/visitor primarily in winter 
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Table 10: Bird species recorded during the survey 

Common Name Scientific Name Count Status On-site  Status in UAE / IUCN 

IUCN: LC 

Eurasian Collared Dove Streptopelia decaocto 6 Commonly seen within trees in and 

adjacent to the private villas 

UAE: Very common resident breeder 

IUCN: LC 

Laughing Dove Spilopelia senegalensis 8 Commonly seen within trees in and 

adjacent to the private villas 

UAE: Very common resident breeder 

IUCN: LC 

Greater Hoopoe-lark Alaemon alaudipes 1 One seen running between dwarf 

shrubs inland of the coastal dunes 

UAE: Common resident breeder 

IUCN: LC 

White-eared Bulbul Pycnonotus leucotis 8 Commonly seen within the mangroves 

and trees adjacent to the private villas 

UAE: Very common resident breeder 

IUCN: LC 

House Sparrow Passer domesticus 15 Commonly seen within the mangroves 

and trees adjacent to the private villas 

UAE: Very common resident breeder 

IUCN: LC 

Table Key: IUCN = International Union for the Conservation of Nature / LC = Least Concern 
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3.3.5 Arthropods     

Arthropods were assessed in the area during day-time walkover investigations. 

Anthropogenic debris was also moved to look for insects hiding beneath. All Arthropod 

species recorded during the survey are listed in Table 11. Any arthropod species 

observed were recorded, photographed and where possible were identified to species 

level. Most insects are difficult to survey because of their small size, complex 

taxonomy, and cryptic habits. Flight seasons of particular insects may last for only a 

few days or weeks. Immature stages of most insects are very difficult to identify to 

species level.  

Insects were found to be uncommon across the site at the time of survey. In fact, only 

four species were recorded throughout the duration of the survey. Namely, these 

were the Asian Dwarf Honeybee, Apis florea, Desert Locust, Schistocera gregaria, 

Desert Runner Ant, Cataglyphis bicolor and Darkling Beetle, Pimelia sp. 

The honeybees (Apis florea) were abundant within the flowering mangroves at the 

time of the survey, where numbers in excess of 100 were observed pollinating the 

mature stand of Grey Mangroves, Avicennia marina (Plate 21). A. florea builds open 

nests primarily in trees but has also been known to use other structures such as walls. 

Honeybees (Apidae) are kept commercially worldwide, and honey is considered of 

economic importance worldwide. Although honey from these bees is collected by 

people in some countries, including Oman, in the UAE this bee is not cultivated.   

Desert Locust, Schistocera gregaria, was recorded once during the survey. Swarms of 

these locusts have been decimating crops in East Africa and the Middle East in recent 

years. It is estimated that Desert Locusts can consume the equivalent of their body 

weight (2 g [0.07 oz]) each day in green vegetation. They are polyphagous and feed on 

leaves, shoots, flowers, fruit, seeds, stems and bark. Nearly all crops, and non-crop 

plants are also eaten. Although this species can form plagues, the lone individual seen 

during the survey is of little concern.  

Widespread over much of the UAE, Desert Runner Ant, Cataglyphis bicolor, colonies 

can be frequently found under bushes, or in the open on gravelly and sandy plains. A 

diurnal insect, C. bicolor is predominantly subterraneous, but also less frequently nests 

in timber structures above ground. 

Tracks made by a Darkling Beetle, Pimelia sp., were frequently seen around the 

vegetated beach hummocks (Plate 37). Darkling beetles are mainly nocturnal and 

primarily feed on seeds and leaves. The females lay eggs in rotten plants and upon 

hatching, the larvae feed on the decaying plant material until they become adults. To 

protect themselves, these beetles bury their heads in sand while keeping their bodies 

covered by a hard, exposed shell.
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Plates 37 & 38: (top) Darkling Beetle, Pimelia sp. tracks; (bottom) colonies of Desert Runner 

Ants, Cataglyphis niger 
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Plates 39 & 40: (top) Asian Dwarf Honey bee, Apis florea; (bottom) (NEA File Photo) Desert 

Locust, Schistocerca gregaria 
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Table 11: Arthropod species recorded during the survey 

C-Name Scientific Name Status On-site  Status in UAE / IUCN 

Desert Locust Schistocerca gregaria Seen on one occasion  UAE: Common to Abu Dhabi Emirate  

IUCN: NE 

Asian Dwarf Honeybee Apis florea >50 pollinating mangrove 

flowers 

UAE: Common to Abu Dhabi Emirate 

IUCN: NE 

Desert Runner Ant Cataglyphis niger Ant colonies made by this 

species seen within the 

vegetated coastal dune strip 

UAE: Common to Abu Dhabi Emirate 

IUCN: NE 

Darkling Beetle Pimelia sp. Tracks seen and photographed 

on coastal dune habitat 

UAE: Common to Abu Dhabi Emirate 

IUCN: NE 

Table Key:  

C-Name = Common Name / IUCN = International Union for the Conservation of Nature 

NE = Not Evaluated / LC = Least Concern / UAE = United Arab Emirates 
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3.3.6  Geomorphology 

The area of study is located within the district of Mirfa, a strip of the UAE mainland 

along the Arabian Gulf coast from Thumariyah to the west and Tarif to the east. The 

coastline of Mirfa is situated in the mid-section of the extensive Khor Al Bazim lagoonal 

channel system that stretches for approximately 80km from its open, western flank 

marked by Al Bazam Al Gharbi Island to its eastern, semi-enclosed limits to the south 

of Abu Al Abyad Island where it becomes locally intertidal. 

A series of offshore islands, of which the closest from the site of study is Jananah Island 

(9km away), form part of a coastal complex of barrier islands and lagoons. These 

barrier islands protect the mainland coast from wave action, allowing carbonate muds 

to accumulate and mangrove swamps to develop within the sheltered lagoons.  

Onshore beach ridges, such as those seen at the site of study, consist of hummocky 

terrain on pale coralline and oolitic sand. These coarse sands are derived almost 

exclusively from the remnants of marine organisms and carbonate sediments and are 

locally elevated some 2 to 4m above sea level.  

The beach ridges and thin coastal dunes at the site of study are backed inland by 

coastal sabkha.  The sabkha is very flat, sloping slightly towards the coast. Its surface 

lies above the level of normal spring tides. Occasional storm induced flooding, 

however, transports carbonate muds onto its surface. 

3.3.7 Anthropogenic Use 

The site is evidently used recreationally for a couple of activities, some of which were 

observed taking place during the survey period. A small number of people were 

camping at the site in several tents, trailers, and motorhomes. The area seems to be 

well-used for this purpose as it has its own place marker on Google Maps named as 

“Mirfa Saltwater Camping” and people were continuing to use the site in early summer 
when temperatures reach intolerable levels, making it very likely that a higher number 

of persons utilise the site for camping through the cooler months.  

Human litter associated with camping such as plastic bottles, disposable barbeques 

and tin cans were strewn along the beach, although a smaller proportion of the litter 

was probably washed up on high tides. Some people have seemingly attempted to 

clean up after themselves as some full bin bags were left in-situ at camping locations 

(Plate 43 and 44). 

During low tides people were observed driving and walking across the intertidal flats 

and occasionally, small fishing vessels came in closer to shore. People were also seen 

fishing from the long breakwater that extends for 800m to the southeast of the survey 

area.  
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Tyre track marks intersect much of the site but are concentrated along the beach 

where a number of vehicles evidently park for camping, especially over the weekend. 

People living locally that reside in the private, walled villas to the north/northeast of 

the survey area, gain access by means of a sand/gravel track that runs parallel to the 

coast just north of the beach. A smaller number of vehicles access the villas from a 

track that follows the outer Mirfa Power Complex facility fence.  

 

 

Plates 41 & 42 (top) People camping recreationally (background); (bottom) 

Numerous tyre tracks & a caravan & 4x4 vehicle 
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Plates 43 & 44: (top & bottom) Discarded litter 
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4.0 Conclusions, Recommendations & Mitigation Measures 

4.1 Ambient Noise 

The ambient noise climate of the project area shows little effect of anthropogenic 

disturbance. Two minor exceedances of the UAE residential ambient noise limits were 

observed, albeit over the shorter averaging period of 15 minutes, and in both cases 

the exceedances were less than 2 dBA above the limit. 

Given the relatively undisturbed nature of the project site, and the nature of the 

proposed pipeline development, the operation of the cable alignment is not expected 

to cause long-term changes to the noise climate of the area or result in prolonged 

exceedances of the applicable noise limits.  

4.2 Soil and Groundwater 

The collection of soil samples was completed using a hand-augur and pre-prepared 

sample containers. Analysis of the eight collected samples was undertaken by a ESMA 

approved third-party laboratory (Element LLC). The vast majority of analytes were 

below the detection limits and were not registered in the analysis at all. Of those 

parameters which could be measured, all were recorded below screening or clean-up 

thresholds as outlined by the ADQCC soil standards.  

Due to unavailability of suitable surface sampling locations or wells, groundwater 

samples were not collected from the site. 

4.3 Terrestrial Ecology 

The pipeline landfall location site encompasses a number of terrestrial habitats both 

natural and anthropogenic. A high percentage of the proposed footprint (95.19%) will 

be directly situated in habitats of species-poor, low ecological value i.e. coastal sabkha 

and sparsely vegetated coastal plains. Two critical habitats, however, will be directly 

impacted by the development and are discussed in detail below. 

The footprint of the proposed pipeline landfall route traverses directly over a 

sporadically populated stand of immature mangroves (see datasheets CP1 & CP2 in 

Annex B). A relatively small number of immature mangroves and saplings (>10 and 

>20, respectively) will be at risk of being directly impacted by the development. Any 

direct loss of mangrove trees should be identified. Replanting of a greater quantity of 

mangroves (twice the area of mangrove disturbed or twice the number of mature 

trees lost) is the mitigative strategy against loss of this critical habitat. However, such 

plans are lengthy in terms of stakeholder commitment (>5 years), expensive to 

undertake and difficult to manage and monitor success rates effectively. As such, we 

recommend that the proposed route is altered slightly to avoid any direct loss of 

mangroves.  
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Another critical habitat that will be subject to some level of alteration/degradation 

through the development is intertidal mudflats and sand exposed at low tide. The 

proposed route passes over approximately 800 metres of this habitat when fully 

exposed on the lowest tides. Although low numbers of birds were foraging here at the 

time of the survey, this is largely related to the time of year. Much greater numbers 

of shorebirds, with some very likely consisting of threatened species, will undoubtedly 

use the site from autumn to spring, therefore, we recommend that the development 

takes place from July to September when disturbance to migrants and over-wintering 

birds from the construction of the pipeline on intertidal flats will be negligible.  

A couple of ecologically sensitive receptor sites were identified during the survey. 

Namely, these were an active, Red-wattled lapwings nest containing four eggs and a 

burrow belonging to a Cheesman’s Gerbil. Neither of these sites are located within the 
pipeline footprint but are close enough to be vulnerable to damage from vehicles 

associated with the development, particularly the lapwing nest which is just 90 metres 

from the pipeline’s planned location.  

After an incubation period of 28-30 days, once the lapwing eggs have hatched, 

juvenile, Red-wattled lapwings fledge and leave the nest when they are approximately 

four weeks old.  Commencement of any construction activities should be postponed 

until mid-July at a minimum, which will ensure that the lapwings (and other birds 

potentially breeding nearby) have left the area before the start of the development.  

The Cheesman’s Gerbil burrow is likely to be periodically occupied through each 

season and is consequently susceptible to damage year-round. It is therefore 

recommended that the area where the gerbil burrow is situated (WPT 41) is avoided 

by vehicles and personnel associated with the works. 

As most of the fauna at the site consists of highly mobile species, habitat 

fragmentation associated with a long, linear feature (such as a pipeline) would be 

primarily limited to smaller fauna with reduced mobilities such as lizards, gerbils, and 

non-flying insects.  

If the pipeline will be situated above-ground, it would pose as an impassable object to 

these animals and could therefore limit their ability to feed and search for mates.  The 

area where this potential risk of this would be highest is the location where the 

pipeline route intersects the beach and low coastal dunes area, where the highest 

density of fauna resides. Burying the pipeline here would lessen the potential 

ecological impact.  

Anthropogenic activity at the site was found to be quite high, with the beach area in 

particular being used for recreational activities throughout the week. 
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Additional terrestrial ecology mitigation measures towards minimising impacts 

associated with the proposed construction not mentioned above are listed in brief 

below: 

• Efficient transportation plan to minimise unnecessary vehicle movements across 

sensitive habitats. 

• Avoid increased noise levels leading to behavioural impacts to wildlife in the 

area. 

• Raise awareness to workers in the area to the habitats/species sensitivity 

(posters in accommodation). 
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Table B1: Soil Analyses 

Test Method Parameter Name Unit Detection Limit MS01 MS02 MS03 MS04 MS05 MS06 MS07 MS08 

pH [BS 1377-3: 2018] Soil-DXB pH pH units 0.1 9 8.5 8.8 8.7 8.8 8.8 8.6 8.7 

Oil & Grease [APHA 5520 E]-DXB Oil and Grease % 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Nitrogen (Ammonia) [HACH 8155] Solids-DXB Nitrogen (Ammonia) mg/kg 0.25 2.1 1.5 1.55 1.75 2.05 9 1.7 1.9 

Nitrogen (Ammonia) [HACH 8155] Solids-DXB Ammonium mg/kg 0.32 2.7 1.93 1.99 2.25 2.64 11.6 2.19 2.44 

Nitrogen (Ammonia) [HACH 8155] Solids-DXB Ammonia mg/kg 0.3 2.55 1.82 1.88 2.12 2.49 10.9 2.06 2.31 

Salinity [APHA 2520 B]-DXB Salinity ppt 1 2.4 1.7 7.6 4.7 1.9 1.8 5.6 4.4 

Sulphide [HACH 8131/DIN 38405-D27]-DXB Sulphide (S²¯) mg/kg 5 <5 <5 <5 <5 <5 <5 <5 <5 

Fluoride [HACH 8029]-DXB Fluoride mg/kg 0.5 4 5.1 3.2 4 3.4 3.6 3.5 5.4 

Nitrate [HACH 8039]-DXB Nitrate mg/kg 0.22 10.5 14.3 18.8 10.2 0.62 16.3 22.1 13.2 

Metals ICP OES [APHA 3120 B] SSS-DXB Cadmium (Cd) mg/kg 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Metals ICP OES [APHA 3120 B] SSS-DXB Aluminium (Al) mg/kg 130 3320 2750 2940 2500 2310 2050 2850 2520 

Metals ICP OES [APHA 3120 B] SSS-DXB Arsenic (As) mg/kg 1 2.9 3.5 3.9 3.9 2.6 3.3 4.4 3.9 

Metals ICP OES [APHA 3120 B] SSS-DXB Barium (Ba) mg/kg 3 26.6 18.2 21.2 21.9 18.1 45.9 13 19.1 

Metals ICP OES [APHA 3120 B] SSS-DXB Chromium (Cr) mg/kg 1 13.4 10.9 11.5 10.1 11.5 9.4 11.2 10 

Metals ICP OES [APHA 3120 B] SSS-DXB Cobalt (Co) mg/kg 1 1.7 1.7 1.9 1.2 1.5 1 1.6 1 

Metals ICP OES [APHA 3120 B] SSS-DXB Copper (Cu) mg/kg 3 5.3 5.3 5.8 4.8 4.8 4.8 4.9 4.5 

Metals ICP OES [APHA 3120 B] SSS-DXB Lead (Pb) mg/kg 1 1.8 1.7 1.2 1.3 1.2 2.2 1.2 1.6 

Metals ICP OES [APHA 3120 B] SSS-DXB Manganese (Mn) mg/kg 3 85.5 88.2 123 68.4 93.7 79 88.5 57.9 

Metals ICP OES [APHA 3120 B] SSS-DXB Nickel (Ni) mg/kg 1 6.8 8.4 10.8 8.6 7.3 6 9.4 8.3 

Metals ICP OES [APHA 3120 B] SSS-DXB Phosphorus (P) mg/kg 50 209 245 245 208 214 235 207 149 

Metals ICP OES [APHA 3120 B] SSS-DXB Zinc (Zn) mg/kg 3 11.9 6.6 10.7 6.4 12.6 8.8 7.8 9.4 

Chromium (Hexavalent) [HACH 8023] Solids-DXB Chromium (VI) mg/kg 0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 

Metals ICP OES [APHA 3120 B] SSS-DXB Antimony (Sb) mg/kg 1 <1.0 <1.0 <1.0 <1.0 1.2 <1.0 1.1 <1.0 

Metals ICP OES [APHA 3120 B] SSS-DXB Beryllium (Be) mg/kg 1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 

Mercury by PSA [EPA 245.7] SSS-DXB Mercury (Hg) mg/kg 0.01 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

VPH C5-C10 by GC-FID [EPA 8015B]-SSS-DXB VPH C5-C10 mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

EPH C10-C40 by GC-FID [EPA 8015B] SSS-DXB EPH C10-C40 mg/kg 50 <50 <50 <50 <50 <50 <50 <50 <50 

PAH in Soils [EPA 8270 D]-DXB Acenaphthene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Acenaphthylene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Anthracene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Benzo(a)anthracene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
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Table B1: Soil Analyses 

Test Method Parameter Name Unit Detection Limit MS01 MS02 MS03 MS04 MS05 MS06 MS07 MS08 

PAH in Soils [EPA 8270 D]-DXB Benzo(a)pyrene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Benzo(b)fluoranthene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Benzo(g,h,i)perylene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Benzo(k)fluoranthene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Chrysene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Dibenzo(a,h)anthracene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Fluoranthene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Fluorene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Indeno(1,2,3-c,d)pyrene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Naphthalene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Phenanthrene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

PAH in Soils [EPA 8270 D]-DXB Pyrene mg/kg 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Phenols Soil [EPA 8270D]-DXB 2,4,5-Trichlorophenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 2,4,6-Trichlorophenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 2,4-Dichlorophenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 2,4-Dimethylphenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 2-Chlorophenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 2-Methylphenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 2-Nitrophenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 4-Chloro-3-methylphenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 4-Methylphenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 4-Nitrophenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB Pentachlorophenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 2,3,4,6-Tetrachlorophenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 2,6-Dichlorophenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB 3-Methylphenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Phenols Soil [EPA 8270D]-DXB Phenol mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Dichlorodifluoromethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Chloromethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Vinyl Chloride mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Bromomethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
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Table B1: Soil Analyses 

Test Method Parameter Name Unit Detection Limit MS01 MS02 MS03 MS04 MS05 MS06 MS07 MS08 

VOCs in Soil [EPA 8260 B]-DXB Chloroethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Trichlorofluoromethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,1-Dichloroethene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Methylene Chloride mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2-Dichloroethene(trans) mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,1-Dichloroethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2-Dichloroethene(cis) mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 2,2-Dichloropropane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Bromochloromethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Chloroform mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,1,1-Trichloroethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,1-Dichloropropene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Carbon Tetrachloride mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2-Dichloroethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Benzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Trichloroethene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2-Dichloropropane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Bromodichloromethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Dibromomethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,3-Dichloropropene(cis) mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Toluene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,3-Dichloropropene(trans) mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,1,2-Trichloroethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,3-Dichloropropane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Tetrachloroethene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Dibromochloromethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2-Dibromoethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Chlorobenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,1,1,2-Tetrachloroethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Ethyl benzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB m,p-Xylene mg/kg 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
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Table B1: Soil Analyses 

Test Method Parameter Name Unit Detection Limit MS01 MS02 MS03 MS04 MS05 MS06 MS07 MS08 

VOCs in Soil [EPA 8260 B]-DXB o-Xylene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Styrene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB iso-Propylbenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Bromoform mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,1,2,2-Tetrachloroethane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2,3-Trichloropropane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB n-Propylbenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Bromobenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,3,5-Trimethylbenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 2-Chlorotoluene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 4-Chlorotoluene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB tert-Butylbenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2,4-Trimethylbenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB sec-Butylbenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB p-Isopropyltoluene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,3-Dichlorobenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,4-Dichlorobenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB n-Butylbenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2-Dichlorobenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2-Dibromo-3-Chloropropane mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2,4-Trichlorobenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Hexachlorobutadiene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB Naphthalene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOCs in Soil [EPA 8260 B]-DXB 1,2,3-Trichlorobenzene mg/kg 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
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Table B2: ADQCC Soil Limits for Industrial and Commercial use 

Parameter Unit Screening level Clean-up level 

Antimony (Sb) mg/kg (DW) 470 4700 

Arsenic (As) mg/kg (DW) 30 300 

Beryllium (Be) gm/kg (DW) 2.3 23.0 

Cadmium (Cd) mg/kg (DW) 980 9800 

Chromium (Cr VI) mg/kg (DW) 63 630 

Cobalt (Co) mg/kg (DW) 350 3500 

Lead (Pb) gm/kg (DW) 8.0 80 

Mercury (Hg) mg/kg (DW) 46 460 

Nickel (Ni) gm/kg (DW) 22 220 

Selenium (Se) gm/kg (DW) 5.8 58 

Asbestos gm/10 kg (DW) 5.0 5.0 

Benzene mg/kg (DW) 51 510 

Toluene gm/kg (DW) 47 470 

Ethylbenzene mg/kg (DW) 250 2500 

Xylene gm/kg (DW) 2.5 25.0 

Benzo (a) pyrene (BaP) mg/kg (DW) 2.9 29 

Polychlorinated Biphenyls mg/kg (DW) 330 3300 

Table Notes: 

• Taken from Environmental Specification for Soil Contamination ADS 19/2017 

• Mg/kg = milligram per kilogram 

• Gm/kg = gram per kilogram 

• DW = Dry Weight 
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Figure B3: Noise Data Sheet N01 

User: Ross Pappin Job No: N684 Project: MM Lightning 

Report No: N684-0621-MIR-1.0 Survey Date: See comments Checked: DT Date: - 

Site No: N01 Mic. Height: 155cm Free Field ✓ Facade: NA 

Location Description (draw a little picture of the area): Noise Source: 

 

Mosque, aircraft, power complex, boats, birds, 

incoming tide, generator 

 

Period 
Calibration Wind Time 

LAeq Cars (tally) Trucks (tally) Comment 
Start End Speed Direction On Off 

Day 

(Week) 
94.3dB 94.0dB 1.2m/s N(340°) 17:43 17:58 48.9   24.05.21 

Night 

(Week) 
94.2dB 93.9dB 1.4m/s S(181°) 04:45 05:00 34.3   31.05.21 

Day 

(Weekend) 
93.9dB 94.0dB 2.9m/s NW(328°) 12:22 12:37 40.4   21.05.21 

Night 

(Weekend) 
94.3dB 94.0dB 0.6m/s E(99°) 21:20 21:35 36.2   21.05.21 

General Weather Conditions: 

Noise measurements were collected only during periods of low wind speed 

Specific Conditions: Calm Fog Precipitation Frost Tonal Impulse 

BS4142 Compliance: ✓ x x x   

Factory Cal. Date: 16.05.2021 

Checked: Doug Tilbury Date: 16/06/2021 

Key to Abbreviations: Mic = Microphone / LAeq = Equivalent Continuous Level / NW = Northwest / E = East / S = South / N = North / m/s = Metre per second / dB = Decibel / Cal = Calibration / cm = Centimetre / 

min = Minute       
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Figure B4: Noise Data Sheet N02 

User: Ross Pappin Job No: N684 Project: MM Lightning 

Report No: N684-0621-MIR-1.0 Survey Date: See comments Checked: DT Date: - 

Site No: N02 Mic. Height: 155cm Free Field ✓ Facade: N/A 

Location Description (draw a little picture of the area): Noise Source: 

 

Mosque, aircraft, birds, power complex 

 

Period 
Calibration Wind Time 

LAeq Cars (tally) Trucks (tally) Comment 
Start End Speed Direction On Off 

Day 

(Week) 
94.4dB 94.0dB 1.6 S(160°) 07:00 07:15 36.6 |  31.05.2021 

Night 

(Week) 
94.3dB 93.9dB 1.7 S(172°) 5:10 5:25 41.6   31.05.2021 

Day 

(Weekend) 
94.0dB 94.0dB 4.1m/s NW(300°) 15:46 16:01 36.7   21.05.2021 

Night 

(Weekend) 
94.3dB 94.1dB 2.6m/s E(88°) 21:45 22:00 31.7   21.05.2021 

General Weather Conditions: 

Noise measurements were collected only during periods of low wind speed 

Specific Conditions: Calm Fog Precipitation Frost Tonal Impulse 

BS4142 Compliance: ✓  Slight x x   

Factory Cal. Date: 16.05.2021 

Checked: Doug Tilbury Date: 16/06/2021 

Key to Abbreviations: Mic = Microphone / LAeq = Equivalent Continuous Level / NW = Northwest / E = East / S = South / m/s = Metre per second / dB = Decibel / Cal = Calibration / cm = Centimetre / min = 

Minute 
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Figure B5: Noise Data Sheet N03 

User: Ross Pappin Job No: N684 Project: MM Lightning 

Report No: N684-0621-MIR-1.0 Survey Date: See comments Checked: DT Date: - 

Site No: N03 Mic. Height: 155cm Free Field ✓ Facade: N/A 

Location Description (draw a little picture of the area): Noise Source: 

 

Power complex, aircraft, birds, vehicles 

Period 
Calibration Wind Time 

LAeq Cars (tally) Trucks (tally) Comment 
Start End Speed Direction On Off 

Day 

(Week) 
94.4dB 94.0dB 2.5m/s S(167°) 07:34 07:49 51.5   31.05.2021 

Night 

(Week) 
94.4dB 94.0dB 1.6m/s S(188°) 05:37 05:52 39.8 ||  31.05.2021 

Day 

(Weekend) 
94.2dB 93.9dB 5.7m/s N(17°) 17:09 17:24 35.2   21.05.2021 

Night 

(Weekend) 
94.3dB 94.0dB 1.0m/s NE(52°) 22:09 22:24 35.9   21.05.2021 

General Weather Conditions: 

Noise measurements were collected only during periods of low wind speed 

Specific Conditions: Calm Fog Precipitation Frost Tonal Impulse 

BS4142 Compliance: ✓ x x x   

Factory Cal. Date: 16.05.2021 

Checked: Doug Tilbury Date: 16/06/2021 

Key to Abbreviations: Cal = Calibration / NE = Northeast / N = North / S = South / m/s = Metre per second / dB = Decibel / cm = Centimetre / LAeq = Equivalent Continuous Level / min = Minute         
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Part 1: Field Documentation 

Table C1, below, details field logs, provided on subsequent pages. 

Table C1: Field Documentation  

Figure № Description Usage 

Figure C1 NEA Field Log Day 20.05.2021 Daily log of activities 

Figure C2 NEA Field Log Day 21.05.2021 Daily log of activities 

Figure C3 NEA Field Log Day 22.05.2021 Daily log of activities 

Figure C4 NEA Field Log Day 24.05.2021 Daily log of activities 

Figure C5 NEA Field Log Day 31.05.2021 Daily log of activities 
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Figure C1: NEA Activity Log 20.05.2021 

Project № & Client: N684 Date/Day: 20.05.2021 / Thursday 

Site Team: RP, AM, PM PD/PM: DT/RP 

Vessel(s)/Vehicle(s): Pick-up Visitors: None 

Weather: - W/Source: AD MET 

Time ID Activities / Notes 

11:57 NEA Depart NEA office 

14:25 MH Arrived Mirfa Hotel and checked in  

15:05 MH Depart to site 

15:20 MS01 MS01 – Soil sampling 

16:35 MS02 MS02 – Soil sampling 

16:55 MS03 MS03 – Soil sampling 

17:25 MS04 MS04 – Soil sampling 

18:35 MS04 Stopped by CICPA personnel – document check 

19:05 MH Arrived back at Mirfa Hotel and debrief 

Change of Plans: None 

EQ/PE issues: None 

Incidents/PIR №: None 

Key to Abbreviations:  NEA = Nautica Environmental Associates LLC / ID = Site ID / EQ = Equipment            

PE = Personnel / PIR = Process Improvement Report / PM = Paulo Mendoza / AM = Aneeta Mathew          

RP = Ross Pappin / DT = Doug Tilbury / CICPA = The Critical Infrastructure and Coastal Protection Authority      

MH = Mirfa Hotel 

PM Name: Ross Pappin 

PM Signature and 

Stamp: 
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Figure C2: NEA Activity Log 21.05.2021 

Project № & Client: N684 Date/Day: 21.05.2021 / Friday 

Site Team: RP, AM, PM PD/PM: DT/RP 

Vessel(s)/Vehicle(s): Pick-up Visitors: None 

Weather: - W/Source: AD MET 

Time ID Activities / Notes 

08:05 MH Depart MH to site 

08:16 Site Ecology walkover survey 

11:53 MS06 MS06 – Soil sampling 

12:18 MN01 MN01 – Noise monitoring (Day – Weekend)  

13:14 MH Return to Mirfa Hotel 

15:11 MH Depart to site 

15:46 MN02 MN02 – Noise monitoring (Day – Weekend) 

16:57 MN03+07 MN03 – Noise monitoring (Day – Weekend); MS07 – Soil sampling  

18:12 MS08 MS08 – Soil sampling 

18:36 MS05 MS05 – Soil sampling 

18:55 CT01 Deployed CT – 01 

19:01 CT02 Deployed CT – 02 

19:11 CT03 Deployed CT – 03 

19:19 CT04 Deployed CT – 04 

19:24 CT05 Deployed CT – 05 

21:10 MN01 MN01 – Noise monitoring (Night – Weekend) 

21:40 MN02 MN02 – Noise monitoring (Night – Weekend) 

22:05 MN03 MN03 – Noise monitoring (Night – Weekend) 

22:35 MH Arrived back at Mirfa Hotel and debrief 

COP/ EQ/PE/PIR: None 

Key to Abbreviations:  NEA = Nautica Environmental Associates LLC / ID = Site ID / EQ = Equipment / PE = 

Personnel / PIR = Process Improvement Report / CT = Camera Trap / PM = Paulo Mendoza / AM = Aneeta 

Mathew / RP = Ross Pappin / DT = Doug Tilbury  

PM Name: Ross Pappin 

PM Signature and 

Stamp: 
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Figure C3: NEA Activity Log 22.05.2021 

Project № & Client: N684 Date/Day: 22.05.2021 / Saturday 

Site Team: RP, AM, PM PD/PM: DT/RP 

Vessel(s)/Vehicle(s): Pick-up Visitors: None 

Weather: - W/Source: AD MET 

Time ID Activities / Notes 

06:00 MH Team brief 

06:57 MH Depart MH to site 

07:16 CT05 Retrieved CT – 05  

07:50 CT03 Retrieved CT – 03  

07:54 CT01 Retrieved CT – 01  

07:57 CT04 Retrieved CT – 04  

08:03 CT02 Retrieved CT – 02  

08:39 MH Return to Mirfa Hotel 

10:51 MH Depart Mirfa Hotel to Shuweihat 

13:30 HEC Arrive HEC, debrief and prep for following day 

Change of Plans: None 

EQ/PE issues: None 

Incidents/PIR №: None 

Key to Abbreviations:  NEA = Nautica Environmental Associates LLC / ID = Site ID / EQ = Equipment / PE = 

Personnel / PIR = Process Improvement Report / CT = Camera Trap / PM = Paulo Mendoza / AM = Aneeta 

Mathew / RP = Ross Pappin / DT = Doug Tilbury / MH = Mirfa Htel 

PM Name: Ross Pappin 

PM Signature and 

Stamp: 
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Figure C4: NEA Activity Log 24.05.2021 

Project № & Client: N684 Date/Day: 24.05.2021 / Monday 

Site Team: RP, AM PD/PM: DT/RP 

Vessel(s)/Vehicle(s): Pick-up Visitors: None 

Weather: - W/Source: AD MET 

Time ID Activities / Notes 

13:00 NEA Brief and EQ prep NEA office, AD 

16:00 NEA Depart NEA by road 

17:30 MN01 Arrived Mirfa site 

17:40 MN01 MN01 – Noise monitoring (Day – Weekday) 

18: 10 MN02 MN02 – Noise monitoring (Day – Weekday) – Too windy 

18:35 MN02 Depart to NEA office 

21:10 NEA Arrived NEA office and debrief 

Change of Plans: None 

EQ/PE issues: None 

Incidents/PIR №: None 

Key to Abbreviations:  NEA = Nautica Environmental Associates LLC / ID = Site ID / EQ = Equipment / PE = 

Personnel / PIR = Process Improvement Report / AM = Aneeta Mathew / RP = Ross Pappin / DT = Doug 

Tilbury  

PM Name: Ross Pappin 

PM Signature and 

Stamp: 

 

 

 

 

 

 

 

 

 

 

 



Annex C: Part 1 - Field Documentation 

 

NAUTICA ENVIRONMENTAL ASSOCIATES LLC  

N684-0621-MIR-1.1 dated September 2021 C6 
 

Figure C5: NEA Activity Log 31.05.2021 

Project № & Client: N684 Date/Day: 31.05.2021 / Monday 

Site Team: RP PD/PM: DT/RP 

Vessel(s)/Vehicle(s): Pick-up Visitors: None 

Weather: - W/Source: AD MET 

Time ID Activities / Notes 

03:32 HEC Depart Hans Esser for Mirfa site 

04:38 MN01 MN01 – Noise monitoring (Night – Weekday)   

05:09 MN02 MN02 – Noise monitoring (Night – Weekday)   

05:35 MN03 MN03 – Noise monitoring (Night – Weekday)   

06:46 MN02 MN02 – Noise monitoring (Day – Weekday)   

07:33 MN03 MN03 – Noise monitoring (Day – Weekday)   

07:55 MN03 Depart Mirfa location for Hans Esser 

09:20 HEC Arrived back at Hans Esser 

Change of Plans: None 

EQ/PE issues: None 

Incidents/PIR №: None 

Key to Abbreviations:  NEA = Nautica Environmental Associates LLC / ID = Site ID / EQ = Equipment           

PE = Personnel / PIR = Process Improvement Report / RP = Ross Pappin / DT = Doug Tilbury / HEC = Hans 

Esser camp 

PM Name: Ross Pappin 

PM Signature and 

Stamp: 
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Part 2: NEA Licenses and Accreditations 

Table C2, below, provides a list of NEA licenses and accreditations, provided on subsequent 

pages. 

Table C3: NEA Licenses and Accreditations  

Figure № Description Usage 

Figure C6 NEA Trade License - 

Figure C7 NEA EAD Registration - 

Figure C8 NEA Quality Assurance Accreditation - 
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Figure C6: NEA Trade License 
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Figure C7: NEA EAD Registration 
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Figure C8: NEA ISO Accreditation 
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Part 4: Support Equipment Specifications 

Table  C4, below, provides a list of key equipment either used or on hand for the survey 

programme, with specifications provided on subsequent pages. 

Table C4: Survey equipment available 

Figure № Description Usage 

Figure C9 Beacon on a Belt (BOB) DGPS locational system 

Figure C10 Trimble GoXT handheld unit DGPS locational system 

Figure C11 Nikon Forestry Pro Laser Rangefinder Tree height measurements (NU) 

Figure C12 Bushnell Camera Traps Small mammal/reptile activity 

Figure C13 Sherman Traps Small mammal activity 

Figure C14 Anabat Detector Bat Detection 

Figure C15 Malaise Traps Insect trapping 

Figure C16 RIDGID Micro-inspection unit Den/Borrow/Hole investigation (NU) 

Figure C17 Pitfall Trap  Insect / small reptile trapping 

Figure C18 Mavik Pro 2 UAV (Drone) Aerial photography/videography 
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Figure C12: Beacon-on-a-Belt (BOB) 
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Figure C12: Beacon-on-a-Belt (BOB) 
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Figure C13: Trimble GeoXT 2005 Series 
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Figure C13: Trimble GeoXT 2005 Series 
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Figure C14: Nikon Forestry Pro Laser Rangefinder Specifications 

Unit Specifications: 

1. Magnification: 6.0x 

2. Objective Lens Diameter: 21mm 

3. Angle of View: 6° 

4. Laser Type: Class 1M 

5. Range: 11-550 yd / 10-500 m 

6. Exit Pupil Diameter: 3.5 mm 

7. Eye Relief: 18.2 mm 

8. Distance Display Increments:  [Internal Display] 

9. Actual Distance:  Every 0.5m/yd. or 1.0' out to 100 m/yd or feet 

                                                          1.0 m/yd or 1.0' beyond 100 m/yd or feet 

10. Horizontal distance and height:  0.2 m/yd or 0.5' up to 100 m/yd or feet 

` 1.0 m/yd or 1.0' up to 100 m/yd or feet 

11. Angle:                                        0.1° up to 10° / 1° beyond 10° 

External Display: 

• Actual Distance:  0.5 m/yd or 1.0' 

Horizontal distance and height:  0.2 m/yd or 0.5' 

• Angle:  0.1° 

• Weatherproofing: 3.3' (1.0 m) to 10 minutes 

• Environment: RoHS/WEEE compliant 

• Power Source: (1) CR2 battery 

• Dimensions: 5.0 x 2.8 x 1.8" (12.7 x 7.1 x 4.5 cm) 

• Weight (Without Batteries): 7.4 oz (209.8 g) 
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Figure C15: Bushnell Camera Trap Specifications 

Model: 119876 

Sensor Resolution 2, 8, 20MP 

Images Resolution: 3MP sensor with 2MP compression and 20MP interpolation 

Flash: 48 LEDs No-Glow 

Flash Range (ft/m):  100ft/30m 

Backlit LCD Display: B&W text LCD 

Colour: Brown 

Battery Type: AA (8) 

Battery Life:  up to 12 mo. 

Video Resolution: 1920x1080p 

Infrared Sensor Range: 80ft / 25m 

Multi Flash Mode: Yes 

Hyper Night Vision:  Yes 

Field Scan 2x: Yes 
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Figure C16: Sherman Trap Specifications 

Sherman traps are an environmentally friendly way to 

research small mammal populations and can be used for 

mammal collection, teaching and environmental impact 

studies.  

Sherman folding traps have the advantage of folding 

down to a size and shape which is easy to transport. The 

trap works by use of a trigger platform which causes the 

door to shut when the animal runs into the trap.  

This is a ‘live catch’ trap and should be checked regularly. Where appropriate traps should be 
provided with water and food. 

The Small Folding Aluminum Trap is suitable for trapping small animals such as mice and 

shrews. The Sherman Trap is available in a range of sizes to suit specific needs as shown below. 
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Figure C17: Anabat Express Bat Detector Unit Specifications 

The Anabat Express is a compact and weatherproof recorder that is designed to be deployed in 

the field for several weeks. It will record bat calls which can then be used for species 

identification or activity monitoring. 

Camouflaged and compact, the unit has a weatherproof casing and omni-directional 

weatherproof microphone with a 1.5m extension cable. An optional five-metre microphone 

extension cable allows you to position the microphone away from the unit, which makes it 

easier to site the recorder in an inconspicuous location, or to raise your microphone up to an 

elevated position when needed. 

The Express is powered by 4 x AA batteries. The unit should record for around 14 nights on one 

set of batteries and up to 30 nights with high quality lithium batteries. Supplied with a padded 

case, wrist strap, 1.5m microphone extension, a magnet for status checking and USB cable. 

Features: 

• New, easy-to-use interface for setup & download; 

• Weatherproof, camouflaged plastic case (IP67); 

• Weatherproof, compact microphone; 

• Records temperature and battery voltage; 

• Built-in GPS for location, transect tracking, setting the clock and calculating sunset/rise; 

• Runs for 14 nights on 4 AA batteries and up to 30 nights with lithium-ion batteries; 

• One-touch for continuous, scheduled or night-only recording modes. 

SD card memory and easy downloading. 

 

 

 

Specifications: 

▪ Dimensions: (H) 182 x (W) 

119 x (D) 43mm; 

▪ Weight: 385g (without 

batteries) 
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Figure C18: Malaise Trap Specifications 

A malaise trap is a large, tent-like structure used for trapping flying insects, 

particularly Hymenoptera and Diptera.  

The trap is generally made of a material such as terylene netting and can vary in colour. Insects 

fly into the tent wall and are funnelled into a collecting vessel attached to highest point (see 

diagram below).  

Typical Dimensions; Tall end height = 1.7m; Short end height = 0.9m; Width = 1.15m and Length 

= 1.88m. The opening is around 12–15 mm (0.47–0.59 in), and can vary according to the size 

of insect desired.  

If using a dry agent, a smaller hole results in a faster death, limiting the amount of damage a 

newly caught insect can inflict on older, fragile specimens. In ethanol, this is less of a concern. 

Larger holes can potentially allow in more butterfly, moth and/or dragonfly species. 
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Figure C19: RIDGID Micro-inspection Camera (Hole/Burrow Investigations) 

The Ridgid 37888 micro CA-300 inspection camera is the next evolution of the SeeSnake micro 

inspection camera, it allows you to perform more detailed visual inspections in even harder-to-

reach areas (see Plate below of an NEA scientist’s use in a burrow investigation).  

Comfortable pistol-grip design, one-hand controls, and large screen make it easy to detect and 

diagnose the unreachable. It comes standard with a rugged anodized aluminum camera head 

with 4 super bright LEDs.  

Easily rotate the active image counter-clockwise to see in any situation. This micro CA300 

inspection camera provides solutions whenever and wherever you need them. Easily record still 

images and videos of problems in hard-to-reach areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specifications: 

1. Item Name: Inspection Camera 

2. Model: 37888 

3. SV Code: 291302AAKY3 

4. Brand: Ridgid 

5. Resolution: 320 x 240 

6. Video Output: 3 Feet (90 cm) RCA cable 

included (640 x 480 resolution) 

7. Power Supply: 3.7V Li-Ion battery - 5VAC 

adapter 

8. Cable Length: 3 Feet (90cm) expandable to 30 

Feet (9m) w-optional extensions 
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Figure C20: Pitfall Trap Specifications 

A pitfall trap is a device used to trap insects that are active on the ground surface. Pitfall traps 

usually consist of a beaker that is buried so that the lip of the beaker is level with the ground 

surface. The trap is then left and returned to, at a later date, to inspect 'the catch'.  

The diagram below the photograph of an NEA deployment, depicts the several variations of 

pitfall trap layout, with a recurring theme. Insects reaching the lip of the beaker slip and fall in 

and are then unable to climb back out. Sometimes alcohol or another substance is poured into 

the trap so that any insects falling in are killed. The rationale behind this is that predatory 

insects falling in to the trap will eat the rest of the catch. 
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Figure C21: Mavic Pro 2 (Aerial photography/videography) 

The Mavic 2 Pro from DJI is a drone that balances power, portability, and professional-quality 

visuals with the inclusion of a 20MP Hasselblad L1D-20c gimbal camera. The camera delivers a 1" 

CMOS sensor with an adjustable f/2.8 to f/11 aperture, support for a 10-bit Dlog-M color profile, 

and 4K 10-bit HDR video capture. The Mavic 2 Pro utilizes a low-drag aerodynamic body design for 

achieving speeds up to 47.7 mph, a four-cell LiPo battery for up to 31 minutes of flight time, and 

low-noise propellers for filming without being distracting. This power and performance are 

coupled with a variety of dynamic shooting modes and other capabilities that help you achieve 

cinematic results. 

1. Item Name: Mavic Pro 2 

2. Model: 37888 

3. SV Code: 291302AAKY3 

4. Brand: DJI 

5. Camera: Hassleblad 20MP, 1” CMOS, 77° FOV, f/2.8 to f/11 

6. Max Video Output: 4k 10 bit HDR (.MP4, .MOV), 5472 × 3648 Stills (.JPG or .DNG) 

7. Power Supply: 15.4V, 3850 mAh, LiPo 4S 

8. Transmission Length: 8 km (line of sight) 
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1.0 Background, Scope and Conduct 

1.1 Background 

Mott MacDonald (MM), on behalf of the Abu Dhabi National Oil Company 

(ADNOC), commissioned Nautica Environmental Associates LLC (NEA), an Abu 

Dhabi based environmental consultancy, to conduct environmental surveys at 

three landfall locations, for the ADNOC Lightning Project. These are located at 

Mirfa, Shuweihat and Das Island.  

Figure 1 shows the Shuweihat landfall location to the south of the existing 

Shuweihat Power Complex (SPC) and on-land routing to the SPC on its eastern 

edge. 

This document relates to the survey conducted at Shuweihat between 22-

24.05.2021 (Table 1) and provides a report on the results from the surveys 

undertaken.  

1.2 Scope and Conduct 

1.2.1 Scope 

The scope included evaluations of the following, along landfall pipeline footprints as 

shown in Figure 1: 

• Evaluation of habitats and associated species. 

• Ambient noise measurements, over weekend and week-day periods. 

• Soil and groundwater sampling and analysis to evaluate possible 

contamination.  

1.2.2 Conduct 

A minimum of two NEA staff were on-site, supported by NEA 4x4 vehicle. Surveys were 

conducted using a combination of walkover and vehicle drive through of the site 

location, deploying camera traps and noise meters and undertaking soil sampling at 

selected locations.  

Additionally, at certain locations within the survey area and in order to provide 

additional photographic records of habitat and general conditions, cardinal point 

photographs were taken from South, East and West (North was excluded on security 

grounds).  

Table 2 provides an overview of site visits and activities undertaken by NEA specialists 

during the ecological survey. Figure 2 shows a habitat map of the plot location, 
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together with sampling locations and camera traps. Camera traps were deployed at 

for one overnight period (≥12 hours) at these locations.  

Cardinal point locations are shown in Figure 3 (see Annex B for records). Figure 4 

shows points of interest and Figure 5 shows a track map or NEA staff movements 

across the location. These are detailed in Table 2 and discussed in subsequent 

sections. 

In the current circumstances, COVID-19 mitigation involved NEA field scientists 

wearing full eye and nose/mouth masks, with gloves, when on-site and travelling to 

and from the location.  

Table 1:  Shuweihat Field Visit Overview 

Day Date Survey Activity NEA Staff 

1 19.05.2021 Survey planning and Preparation RP, AM, PM 

2 22.05.2021 Survey walkover & CT/NM deployment RP, AM, PM 

3 23.05.2021 Mangrove walkover & CT/NM deployment RP, AM, PM 

4 24.05.2021 Walkover, Trap/Meter Retrieval & GW RP, AM, PM 

Table Key:  

GW = Ground Water Sampling  

CT = Camera Trap 

NM = Noise Meter 

NEA Staff: RP = Ross Pappin / AM = Aneeta Mathew / PM = Paulo Mendoza 
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Figure 1: Shuweihat Landfall Location 
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Figure 2: Shuweihat Habitat Map 
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Figure 3: Cardinal Point Locations 
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Figure 4: Track map of Ecologists’ Movements 
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Figure 5: Points of Interest 
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Table 2: Shuweihat Survey Records 

ID  Unit Type Date Time Duration Latitude Longitude Notes 

GW01 Ground Water Sampling 24/05/2021 09:20 NA 24.17562526 52.57292094 NA 

N01 Noise Sampling 22/05/2021 17:30 15min 24.14356397 52.56288604 NA 

N02 Noise Sampling 22/05/2021 20:30 15min 24.14610227 52.58304192 NA 

N03 Noise Sampling 22/05/2021 19:55 15min 24.15104399 52.59012404 NA 

SS01 Sediment Sampling 22/05/2021 14:15 NA 24.14382298 52.56327102 NA 

SS02 Sediment Sampling 22/05/2021 14:45 NA 24.14496526 52.57129242 NA 

SS03 Sediment Sampling 22/05/2021 17:00 NA 24.14733506 52.56767981 NA 

SS04 Sediment Sampling 22/05/2021 16:40 NA 24.14159004 52.57192902 NA 

SS05 Sediment Sampling 22/05/2021 16:25 NA 24.14119399 52.576197 NA 

SS06 Sediment Sampling 22/05/2021 16:15 NA 24.14466611 52.58298727 NA 

SS07 Sediment Sampling 22/05/2021 14:30 NA 24.14495797 52.567452 NA 

SS08 Sediment Sampling 22/05/2021 17:15 NA 24.14724296 52.56511101 NA 

CP1 Cardinal Point 23/05/2021 09:46 NA 24.14334 52.56285 NA 

CP2 Cardinal Point 23/05/2021 09:47 NA 24.14334 52.56287 NA 

CP3 Cardinal Point 23/05/2021 09:53 NA 24.14359 52.56474 NA 

CP4 Cardinal Point 23/05/2021 10:11 NA 24.14397 52.56493 NA 
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Table 2: Shuweihat Survey Records 

ID  Unit Type Date Time Duration Latitude Longitude Notes 

CP5 Cardinal Point 23/05/2021 10:15 NA 24.14424 52.56588 NA 

CP6 Cardinal Point 23/05/2021 10:21 NA 24.1446 52.56738 NA 

CP7 Cardinal Point 23/05/2021 10:52 NA 24.1444 52.56937 NA 

CP8 Cardinal Point 23/05/2021 10:57 NA 24.14482 52.57202 NA 

CP9 Cardinal Point 23/05/2021 11:07 NA 24.14582 52.57921 NA 

CP10 Cardinal Point 23/05/2021 11:10 NA 24.1457 52.57785 NA 

CP11 Cardinal Point 23/05/2021 17:28 NA 24.14367 52.56282 NA 

CP12 Cardinal Point 23/05/2021 18:06 NA 24.14605 52.5827 NA 

CP13 Cardinal Point 23/05/2021 18:22 NA 24.14643 52.5865 NA 

CT1 Camera trap 23/05/2021 17:38 12hrs 24.14325 52.56274 Arabian Red Fox 

CT2 Camera trap 23/05/2021 17:50 12hrs 24.14206 52.5715 Arabian Red Fox 

CT3 Camera trap 23/05/2021 18:01 12hrs 24.13843 52.57199 Arabian Red Fox 

CT4 Camera trap 23/05/2021 18:34 12hrs 24.14478 52.58698 Nothing captured 

CT5 Camera trap 23/05/2021 18:43 12hrs 24.14917 52.58848 Nothing captured 

WPT 1 Handheld GPS 22/05/2021 15:08 NA 24.14189 52.57153 Greater Hoopoe-Lark  

WPT 2 Handheld GPS 22/05/2021 15:12 NA 24.14578 52.56579 White-eared Bulbul 
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Table 2: Shuweihat Survey Records 

ID  Unit Type Date Time Duration Latitude Longitude Notes 

WPT 3 Handheld GPS 22/05/2021 15:12 NA 24.14579 52.5658 Grey Heron × 2 

WPT 4 Handheld GPS 22/05/2021 15:15 NA 24.1456 52.56583 Kentish Plover nest (Eggs × 3) 

WPT 5 Handheld GPS 22/05/2021 15:25 NA 24.14363 52.56315 Kentish Plover 

WPT 6 Handheld GPS 22/05/2021 16:08 NA 24.14372 52.56316 Kentish Plover nest (Eggs × 1) 

WPT 7 Handheld GPS 22/05/2021 17:02 NA 24.14584 52.57926 Fox tracks 

WPT 8 Handheld GPS 22/05/2021 17:03 NA 24.1456 52.5798 Camel Skeleton 

WPT 9 Handheld GPS 22/05/2021 18:40 NA 24.1416 52.57193 Kentish Plover × 2 

WPT 10 Handheld GPS 22/05/2021 19:58 NA 24.14864 52.56774 Kentish Plover nest (Eggs × 3) 

WPT 11 Handheld GPS 22/05/2021 20:06 NA 24.14914 52.58824 Hadramaut Sand Lizard 

WPT 12 Handheld GPS 23/05/2021 09:20 NA 24.14596 52.58364 Greater Hoopoe-Lark  

WPT 13 Handheld GPS 23/05/2021 09:27 NA 24.14354 52.56296 Graceful Prinia 

WPT 14 Handheld GPS 23/05/2021 09:27 NA 24.14355 52.56297 Western Reef Heron 

WPT 15 Handheld GPS 23/05/2021 09:46 NA 24.14334 52.56285 Cardinal Point 1 

WPT 16 Handheld GPS 23/05/2021 09:47 NA 24.14334 52.56287 Cardinal Point 2 

WPT 17 Handheld GPS 23/05/2021 09:50 NA 24.14341 52.56358 Grey Heron × 2 

WPT 18 Handheld GPS 23/05/2021 09:53 NA 24.14356 52.56463 White-eared Bulbul 
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Table 2: Shuweihat Survey Records 

ID  Unit Type Date Time Duration Latitude Longitude Notes 

WPT 19 Handheld GPS 23/05/2021 09:53 NA 24.14359 52.56474 Cardinal Point 3 

WPT 20 Handheld GPS 23/05/2021 09:55 NA 24.14371 52.56476 Mottled Crab 

WPT 21 Handheld GPS 23/05/2021 10:05 NA 24.14352 52.56306 Western Reef Heron 

WPT 22 Handheld GPS 23/05/2021 10:08 NA 24.14367 52.56389 Desert Hyacinth (Dead) 

WPT 23 Handheld GPS 23/05/2021 10:11 NA 24.14397 52.56493 Cardinal Point 4 

WPT 24 Handheld GPS 23/05/2021 10:13 NA 24.14408 52.56545 Discarded fishing equipment 

WPT 25 Handheld GPS 23/05/2021 10:14 NA 24.14412 52.56558 Eurasian Curlew × 3 

WPT 26 Handheld GPS 23/05/2021 10:15 NA 24.14424 52.56588 Cardinal Point 5 

WPT 27 Handheld GPS 23/05/2021 10:21 NA 24.1446 52.56738 Cardinal Point 6 

WPT 28 Handheld GPS 23/05/2021 10:26 NA 24.1446 52.56691 Fox tracks 

WPT 29 Handheld GPS 23/05/2021 10:27 NA 24.1446 52.56686 Grey Heron 

WPT 30 Handheld GPS 23/05/2021 10:28 NA 24.14455 52.56629 Kentish Plover 

WPT 31 Handheld GPS 23/05/2021 10:28 NA 24.14459 52.56606 Common Redshank 

WPT 32 Handheld GPS 23/05/2021 10:46 NA 24.14468 52.57089 Fox tracks 

WPT 33 Handheld GPS 23/05/2021 10:48 NA 24.14467 52.57023 Heron tracks (probably WRH) 

WPT 34 Handheld GPS 23/05/2021 10:50 NA 24.14447 52.56957 Heron tracks (probably GH) 
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Table 2: Shuweihat Survey Records 

ID  Unit Type Date Time Duration Latitude Longitude Notes 

WPT 35 Handheld GPS 23/05/2021 10:52 NA 24.1444 52.56937 Cardinal Point 7 

WPT 36 Handheld GPS 23/05/2021 10:57 NA 24.14482 52.57202 Cardinal Point 8 

WPT 37 Handheld GPS 23/05/2021 11:07 NA 24.14582 52.57921 Cardinal Point 9 

WPT 38 Handheld GPS 23/05/2021 11:08 NA 24.14573 52.57911 Fox tracks 

WPT 39 Handheld GPS 23/05/2021 11:10 NA 24.1457 52.57785 Cardinal Point 10 

WPT 41 Handheld GPS 23/05/2021 12:05 NA 24.15142 52.58992 Blue-cheeked Bee-eater 

WPT 42 Handheld GPS 23/05/2021 17:28 NA 24.14367 52.56282 Cardinal Point 11 

WPT 43 Camera trap 23/05/2021 17:38 12hrs 24.14325 52.56274 Camera Trap 1 

WPT 44 Camera trap 23/05/2021 17:50 12hrs 24.14206 52.5715 Camera Trap 2 

WPT 45 Handheld GPS 23/05/2021 17:51 NA 24.14214 52.57144 White-spotted Lizard 

WPT 46 Handheld GPS 23/05/2021 17:53 NA 24.14206 52.57144 Antlion 

WPT 47 Handheld GPS 23/05/2021 17:55 NA 24.142 52.57133 Tiger Beetle 

WPT 48 Camera trap 23/05/2021 18:01 12hrs 24.13843 52.57199 Camera Trap 3 

WPT 49 Handheld GPS 23/05/2021 18:06 NA 24.14605 52.5827 Cardinal Point 12 

WPT 50 Handheld GPS 23/05/2021 18:12 NA 24.14619 52.58104 Domestic dog tracks 

WPT 51 Handheld GPS 23/05/2021 18:15 NA 24.14588 52.58085 Fox scat 
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Table 2: Shuweihat Survey Records 

ID  Unit Type Date Time Duration Latitude Longitude Notes 

WPT 52 Handheld GPS 23/05/2021 18:22 NA 24.14643 52.5865 Cardinal Point 13 

WPT 53 Handheld GPS 23/05/2021 18:28 NA 24.1448 52.58697 Gerbil burrow 

WPT 54 Camera trap 23/05/2021 18:34 12hrs 24.14478 52.58698 Camera Trap 4 

WPT 55 Camera trap 23/05/2021 18:43 12hrs 24.14917 52.58848 Camera Trap 5 

WPT 56 Handheld GPS 24/05/2021 09:17 NA 24.15687 52.58673 European Roller 

WPT 57 Handheld GPS 24/05/2021 09:39 NA 24.14356 52.56303 Blue-cheeked Bee-eater × 2 

WPT 58 Handheld GPS 24/05/2021 09:41 NA 24.14317 52.56296 Graceful Prinia 

WPT 59 Handheld GPS 24/05/2021 09:53 NA 24.1418 52.56442 Asian Dwarf Honeybee x 100 

WPT 60 Handheld GPS 24/05/2021 09:53 NA 24.14181 52.56445 Blue-spotted Arab Butterfly 

WPT 61 Handheld GPS 24/05/2021 10:00 NA 24.1418 52.56458 Oriental Wasp 

WPT 62 Handheld GPS 24/05/2021 10:07 NA 24.14084 52.56549 Globe Skimmer Dragonfly 

WPT 63 Handheld GPS 24/05/2021 10:13 NA 24.1404 52.56599 Carmine Darter Dragonfly 

WPT 64 Handheld GPS 24/05/2021 10:15 NA 24.13972 52.56645 Striated Heron 

WPT 65 Handheld GPS 24/05/2021 10:16 NA 24.13964 52.56658 Western Reef Heron × 7 

WPT 66 Handheld GPS 24/05/2021 10:34 NA 24.1425 52.57088 Grey Heron × 7 

WPT 67 Handheld GPS 24/05/2021 10:43 NA 24.13843 52.57204 Globe Skimmer Dragonfly × 5 
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Table 2: Shuweihat Survey Records 

ID  Unit Type Date Time Duration Latitude Longitude Notes 

WPT 68 Handheld GPS 24/05/2021 11:01 NA 24.174 52.5776 Hooded Malpolon 

Table Key:  

NA = Not Applicable   

CT = Camera Trap  

CP = Cardinal Point  

ID = Site ID / min = Minute(s)  

Lat + Long in Decimal Degrees 

WRF = Western Reef Heron 

GH = Grey Heron 
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2.0 Methodology  

2.1 Baseline Noise Measurements  

Baseline noise measurements were carried out at three sites at the Shuweihat location 

and included both weekday and weekend measurement periods.  Measurements at 

each site were carried out for 15-minutes and repeated for day and night-time (total 

of four measurements per site). Surveys were undertaken in parallel with ongoing 

ecological surveys of the location.  

Measurements were collected using a bench- and field-calibrated Rion NL-52 

integrating Class 1 (IEC 61672-2002) sound level meter with data stored on the 

device’s internal memory as well as on detailed field-sheets (Plate 1). Measurement 

locations were chosen to minimise reflective phenomena or interruptive weather 

conditions in accordance with ISO1996-1:2016.  

Reported parameters included maximum and average noise levels as well as 

identification of specific sound events where feasible and were reflective of the 

characteristics of the ambient noise environment and nature of the project. 

• Measurements Overview: 

o 15-minutes each site (day/night/weekday/weekend) 

o Total 1 hour per site 

o Total 3 hours at location 

• Parameters: 

o LAeq, LAMax, LA10, LA50, LA90 

2.2 Soil and Groundwater Inspection and Analysis 

8 soil samples were collected by hand augur along the cable corridor (see Figure 1) 

and analysed at an ENAS accredited laboratory. Data is provided in Annex B. 

One groundwater sample was collected, GW01 in Figure 1, to the north of the 

Shuweihat power plant.  

 

A visual survey of the surface for any signs of contamination was conducted in parallel 

with ecological and noise survey data collections at the location. Where visible 

contamination was identified, a GPS waypoint was collected. For large areas, a tracked 

path was walked around the edge, using the GPS tracklog to map the extent of 

contamination. All identified instances were reported with accompanying geo-

referenced photographs. 
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2.3 Ecology Survey Methodology 

Field activities involved day-time drive-over and walkabouts (Plate 2) in selected areas, 

with one overnight trapping effort involving deployment of Browning camera traps 

(Plate 4) at selected locations. Figure 1 details trap and photo locations. 

Browning camera traps were deployed at locations considered potentially suitable for 

mammal and/or reptile activity, such as near burrows or in areas of particularly dense 

vegetation and/or visible track activity. Plate 5 shows the result from one of the traps 

deployed. 

Binoculars (Plate 3) were also used to help find and identify bird species within the 

area and where possible, high-definition pictures were taken and have been used in 

this report were deemed appropriate.  

All photos displayed in this report were taken on location unless otherwise stated 

(NEA File Photo). 

 

Plate 1:  Noise meter deployment on location 
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Plates 2 & 3:  Mangrove evaluations on location (top); Bird observations using monocular 

on location (bottom) 
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Plates 4 & 5:  Camera Trap deployed on location close to fox tracks (top); Fox recorded on 

location (bottom)
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3.0 Survey Results 

3.1 Noise Measurement Analysis, Locations and Results 

3.1.1 Noise Measurement Analysis 

A baseline survey was conducted in the area of the proposed landfall, including three 

separate locations, with four fifteen-minute measurements each. The combined 

measurement period at each location was 1 hour, representing weekday, week night, 

weekend day and weekend night time periods.  

The aim of the noise measurements is to provide an indication of existing ambient 

conditions as well as to identify any significant anthropogenic noise sources which may 

affect any subsequent assessments of noise.  

Measurements were collected using a bench- and field-calibrated Rion NL-52 

integrating Class 1 (IEC 61672-2002) sound level meter (SLM) with data stored on the 

device’s internal memory as well as on detailed field-sheets. The SLM and microphone 

were field calibrated before and after each measurement to detect and account for 

any drift in the measured noise levels. 

Measurement locations were chosen to minimise reflective phenomena or 

interruptive weather conditions in accordance with ISO1996-1:2016. 

3.1.2 Noise Measurement Locations 

Classification of the Shuweihat landfall area is debatable. While it would typically be 

classified as ‘residential with light traffic’ (day and night time noise limits of 50 dBA 
and 40 dBA respectively), the proximity to the powerplant and lack of any other 

anthropogenic receptors may be argued to assign a ‘Heavy Industrial’ classification 
(day and night time noise limits of 70 dBA and 60 dBA respectively). The completion 

of the landfall infrastructure would expectedly result in the area being reclassified as 

‘heavy industry’ regardless, and as such all ambient noise levels have been assessed 

against the heavy industry limits for day and night time periods of 70 dBA and 60 dBA 

respectively. 

Three noise measurement locations were identified for the purposes of capturing the 

ambient noise climate of the landfall project area. While these were located within 

the alignment of the cable landfall, the assessment conservatively considers them to 

be representative of residential noise receptors, such as those to the north of the 

alignment. The locations of the noise measurement stations (N01-N03) are shown in 

Figure 1. 
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3.1.3 Noise Results and Analysis 

A breakdown of measured noise metrics for the measurement sites at the Shuweihat 

landfall is provided in Tables 3, 4 and 5.  

It is noted that in each case, the ambient night time noise level would exceed the 

residential limit of 40 dBA and is higher than the corresponding day time noise level 

for the same location. While the exact cause is unclear, the otherwise undisturbed 

surroundings and the proximity of these sites to the neighbouring powerplant points 

to this as being the most likely cause. Operating practices within the plant are not 

known, however it is not unlikely that the plant emits a higher noise level during peak 

demand times (such as in the evenings and early mornings in order to accommodate 

the higher load.  

Given that the area will fall under the less conservative ‘heavy industry’ classification 
following the completion of the landfall construction, the elevated night time noise 

level is not expected to result in any long term impacts to anthropogenic receptors. 

The same cannot however be said for ecological receptors which may inhabit the 

nearshore vegetative structures and beach areas. It would be proposed that a long-

term noise measurement (minimum 96 hours) be collected from near the mangrove 

habitat, in order to determine a true baseline noise profile for this ecologically 

sensitive feature.  

Table 3: Noise measurement metrics for Shuweihat Landfall, site N01 

Site→ N01 

↓Parameter                    Period→ Week Day Week Night Weekend D Weekend N 

LAeq dBA 44.2 45.5 38.2 42.1 

Lmax dBA 56.4 54.2 49.9 49.3 

L10 dBA 45.0 47.6 39.2 43.5 

L50 dBA 44.1 44.9 38.0 41.8 

L90 dBA 43.3 43.2 37.1 40.8 

Environmental Conditions 

Average Windspeed m/s 3.61 1.89 1.98 1.34 

Max Windspeed m/s 4.56 3.42 3.94 2.67 

Average Temp °C 37.4 33.1 40.3 31.6 

Average Humidity % 35.0 42.1 17.1 68.2 

Table Key: 

 Exceeds the relevant ambient noise limit of 70 dBA (daytime) or 60 dBA (night-time) 

D = Day / N = Night / dBA = Decibels / m/s = Metres per Second / °C = Degrees Centigrade / % = Percentage 
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Table 4: Noise measurement metrics for Shuweihat Landfall, site N02 

Site  N02 

Period  Week Day Week Night Weekend D Weekend N 

LAeq dBA 37.9 44.4 39.0 40.5 

Lmax dBA 61.2 49.8 50.6 52.3 

L10 dBA 39.5 45.4 41.3 41.5 

L50 dBA 37.2 44.4 38.4 40.4 

L90 dBA 35.6 43.4 36.5 39.4 

Environmental Conditions 

Average Windspeed m/s 3.64 3.92 4.82 2.37 

Max Windspeed m/s 4.69 5.58 5.81 3.81 

Average Temp °C 37.5 34.6 41.9 33.3 

Average Humidity % 34.6 37.0 14.1 57.4 

Table Key: 

 Exceeds the relevant ambient noise limit of 70 dBA (daytime) or 60 dBA (night-time) 

D = Day / N = Night / dBA = Decibels / m/s = Metres per Second / °C = Degrees Centigrade / % = Percentage 

 

Table 5: Noise measurement metrics for Shuweihat Landfall, site N03 

Site  N03 

Period  Week Day Week Night Weekend D Weekend N 

LAeq dBA 41.8 51.4 45.4 47.7 

Lmax dBA 50.2 62.8 57.2 59.2 

L10 dBA 44.0 54.3 48.3 51.0 

L50 dBA 41.4 50.5 44.2 46.9 

L90 dBA 39.7 48.1 41.6 42.1 

Environmental Conditions 

Average Windspeed m/s 2.79 4.59 4.57 1.59 

Max Windspeed m/s 4.14 7.08 6.44 3.08 

Average Temp °C 39.1 34.1 42.0 33.8 

Average Humidity % 29.1 44.6 15.8 51.2 

Table Key: 

 Exceeds the relevant ambient noise limit of 70 dBA (daytime) or 60 dBA (night-time) 

D = Day / N = Night / dBA = Decibels / m/s = Metres per Second / °C = Degrees Centigrade / % = Percentage 
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3.2 Soil and Groundwater Analysis 

3.2.1 Soil Analysis 

Soil sampling was undertaken during site visits in May, at eight targeted locations 

within the survey area via a hand auguring tool to a target depth of up to 2m below 

ground level (bgl) or to the depth where bedrock or groundwater was encountered.  

The excavated soil was placed on a clean plastic sheet, free from potential 

contaminants or cross contaminants. Samples were then packaged, sealed, and 

marked and stored in a dedicated sample box for transportation to the laboratory.  

The coordinates for the monitoring locations are presented in Table 6 and locations 

are provided in Figure 1.  

Table 6: Soil Sampling Locations 

Site ID Latitude Longitude Depth (m) 

SS01 24.143799 52.563299 1.9 

SS02 24.145000 52.571300 1.5 

SS03 24.147300 52.565100 1.5 

SS04 24.141600 52.571899 1.6 

SS05 24.141200 52.576200 1.7 

SS06 24.144700 52.582999  1.2 

SS07 24.145000 52.567500 1.8 

SS08 24.147200 52.565100 1.6 

Table Notes:  

Latitude / Longitude in WGS84 Decimal Degrees  

m = Metres 

 The full results are presented in Annex C. The results were compared with the Abu 

Dhabi Quality and Conformity Council (ADQCC) Environmental Specification for Soil 

Contamination Limits for Industrial and Commercial use (ADS 19/2017). A copy of the 

standards is provided at Table B2, Annex B. 

Results for all locations/depths were in compliance with the standards and there were 

no visible signs of soil contamination or significant odour recorded from any location 

or any sample collected. 
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3.2.2 Groundwater Analysis 

 Although there were no wells or sources within the direct pipeline footprint, one 

groundwater sample was collected from a pond to the north of the SPP, GW01, shown 

in Figure 1. Table 7, below, provides location details and Annex B, Figure B3, provides 

the laboratory results. 

Table 7: Groundwater Sampling Locations 

Site ID Latitude Longitude Depth (m) 

GW01 24.175599 52.572899 Surface (pond) 

Table Notes: Latitude & Longitude in WGS84 Decimal Degrees / m = Metres 

Results exceeding LOD are shown in Table 8, together with standard limits. Despite 

exceedances for salinity, other parameters were in general compliance with the 

standards, with no significant odour recorded. The location is also adjacent to two 

accommodation camps, NCC and Hans Esser Camp and is considered more likely to be 

influenced by their activities and possible impacts.   

Table 8: Groundwater Results above Limits of Detection 

Parameter Unit Value Standard Limit  

Fluoride mg/L 1.7 Not specified 

Chemical Oxygen Demand mg/L 50 Not specified 

Arsenic (As) mg/L 0.0093 0.06 

Cadmium (Cd) mg/L 0.0009 0.006 

Lead (Pb) mg/L 0.0021 0.075 

Copper (Cu) mg/L 0.0017 0.075 

Manganese (Mn) mg/L 0.028 Not specified 

Antimony (Sb) mg/L 0.0023 0.02 

Barium (Ba) mg/L 0.0087 0.625 

Cobalt (Co) mg/L 0.0042 0.1 

Chromium (Cr) μg /L 1.7 30 

Nickel (Ni) μg/L 6.3 75 

Table Notes: mg/L = Milligrams per Litre / μg/L = Micrograms per Litre 
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3.3 Ecological Survey  

3.3.1 Habitats 

The habitat classifications described in this report are defined based on a priori schema 

classification system devised by Brown and Boer in ‘Interpretation Manual of the 
Major Terrestrial Natural and Semi-natural Habitat Types of Abu Dhabi Emirates’. 
These categories have been expanded by the EAD to include elements of land use and 

land cover. 

NEA was part of a consortium that produced a habitat map for the whole of the 

emirate of Abu Dhabi, under contract from EAD. The main tool used in mapping was 

satellite imagery, but with a lot of ground-truthing by NEA. A computer was “trained” 
to recognise spectral signatures of habitats, and these were then mapped 

automatically. The accuracy of the map was confirmed by visiting a very large number 

of pre- selected random points. The distribution of the habitats discussed in this report 

are shown in Figure 2, which has been taken from the final habitat map for the emirate 

(which is available on the EAD website). 

The latest revision of the Environment Agency Abu Dhabi (EAD) Habitat Map was 

referred to and was found to depict fairly accurately what is on-ground, therefore, no 

significant habitat revalidations are required for the site at the time of writing. 

However, a couple of habitats identified on-site cover small areas, that are often 

interspersed within major habitat-types (such as beach rock within mangroves and 

cyanobacterial mats covering sections of intertidal flats) and are therefore absent 

from the map (too small for the Minimum Mapping Units [MMU] used). Clear 

limitations inhibit habitat classification using satellite imagery only, particularly at 

small sites, highlighting the benefits of having an ecologist on-ground that can identify 

the habitats with greater accuracy. 

Investigations conducted by NEA ecologists on-ground at the site, concluded that the 

strip of intertidal flats to the west of the sheltered embayment was covered almost 

entirely with mats of cyanobacteria (Plate 20) and thus warranted reclassification. 

Figure 2 shows an updated habitat distribution map that reflects changes made by 

NEA to the pre-existing habitat map produced by EAD. 

The proposed landfall pipeline will be situated within several coastal habitats. Starting 

from the coast the pipeline will make landfall over an extensive area of intertidal 

mudflats before travelling over supratidal zones where mangrove forest, saltmarsh 

and cyanobacterial mats occur. The proposed route will then pass over a thin storm 

beach ridge which marks the high tide line and the end of the intertidal habitats. 

Beyond the intertidal zones, after traversing over coastal plains and sabkha, the route 
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eventually reaches higher, rocky plains upon which the power complex’s western 
limits and entrance sits.   

The greater survey area (within 500m of pipeline footprint) encompasses a total of 11 

terrestrial habitats. Of these, Other Industry (EAD Habitat Code (EAD HC) 9240), Low 

Density Urban (EAD HC 9120), Paved Roads (EAD HC 9400) and Disturbed Ground (EAD 

HC 9600) constitute the unnatural habitats within the greater survey area.  

Natural habitats present within the greater site comprise of Mudflats and Sand 

Exposed at Low Tide (EAD HC 1010), Coastal Plains on Well-drained Rocky or Gravelly 

Terrain (EAD HC 2012), Coastal Sabkha (EAD HC 3100), Mangroves (EAD HC 1040), 

Coastal Plains on Well-drained Sandy Ground (EAD HC 2011), Storm Beach Ridges (EAD 

HC 1050), Saltmarsh (EAD HC 1030) and Sheltered Tidal Flats with Cyanobacterial Mats 

(EAD HC 1020). 

The proposed pipeline will be directly situated in seven of the abovementioned natural 

habitats. The threat status, area in km2, description and percentage cover of the seven 

habitats directly situated within the proposed route are presented in Table 9 overleaf.  

Three habitats that are classified as ‘Critical Habitats’ by EAD, occur within the site 
footprint. These are Mangroves (EAD HC 1040), Saltmarsh (EAD HC 1030) and 

Intertidal Mudflats and Sand Exposed at Low Tide (EAD HC 1010).  

‘Critical’ habitats are a highly threatened and/or unique ecosystem. They provide 
areas that play a key role in supporting the various life stages of local species. On a 

global scale these habitats support significant concentrations of migratory species. 

Further loss of these threatened habitat types could result in a severe loss of endemic 

or threatened species and ecosystem function. 

The Shuweihat pipeline landfall project is bordered by a range of important terrestrial, 

intertidal and subtidal habitats worthy of mitigation and preservation. These include 

the following: 

• Mudflats and sand exposed at low tide; 

• Coastal plains on well-drained sandy ground; 

• Mangroves, saltmarsh and coastal sabkha;  

• Subtidal seagrass beds and unconsolidated bottom; 

• Fringing macroalgal dominated reef (marine habitat); 

Terrestrial habitats classified as critical and environmentally sensitive are discussed in 

greater detail in the following sections, with marine habitats/species not forming a 

part of this scope.
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Table 9: Habitat Description & % cover (Pipeline Footprint) 

H/T Description Threat Status (EAD) Area (km2) % Cover (PF) 

1010 Mudflats and sand exposed at low tide Critical Habitat 0.19920396 21.19 

1030 Saltmarsh Critical Habitat 0.03771049 4.01 

1040 Mangroves Critical Habitat 0.00403992 0.43 

2011 Coastal plains on well-drained sandy ground Not Sensitive or Critical 0.13806982 14.69 

2012 Coastal plains on well-drained rocky or gravelly terrain Not Sensitive or Critical 0.28663813 30.50 

2020 Coastal sand sheets and low dunes Environmentally Sensitive Habitat 0.01168455 1.24 

3100 Coastal sabkha, including sabkha matti Environmentally Sensitive Habitat 0.26082332 27.75 

9400 Paved roads Not Sensitive or Critical 0.00172188 0.18 

Table Key:  

H/T = Habitat Type (EAD Classification, 2013) 

PF = Pipeline Footprint 

% = Percentage 

Km2 = Square Kilometres 
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3.3.1.1 Mangroves 

A mature and dense mangrove forest fringes the embayment along the coast of the 

proposed pipeline landfall site. This habitat consists of inter-tidal areas dominated by 

the Grey Mangrove, Avicennia marina.  

According to the EAD Habitat Map the mangrove habitat type covers approximately 

0.43% of the proposed pipeline footprint. It is a critical habitat for many bird and fish 

species, acting as a nursery for the juvenile fish, as well as providing other ecosystem 

services such as coastal protection and aesthetic value.  

The mangrove root systems stabilise the underlying sediment, which is rich in 

nutrients from decaying leaves and wood, and home to sponges, worms, crustaceans, 

molluscs, and algae. The habitat is home to small crabs; fish species; and bird species 

operating on the periphery of the mangroves.  

During the time of the survey (late May) the mangroves were in flower which attracted 

an abundance of pollinators, including numerous Asian Dwarf Honeybees, Apis florea, 

several wasps including an Oriental Wasp, Campsomeriella thoracica, and the 

butterflies: Blue-spotted Arab, Colotis phisadia phisadia and Small Salmon Arab, 

Colotis amata. The insects found in the mangroves will be discussed in greater detail 

below in section 3.2.4. Though in flower during the survey period, the mangroves were 

not yet in fruit.  

The mangroves in the study area appeared to be in good health with healthy leaves 

and branches and no apparent diseases or dead trees were observed. Fish fry and the 

Mottled Crab, Metopograpsus messor, a grapsid crab that inhabits mangroves, were 

found in abundance between the mangrove pneumatophores. Plate 8 shows the latter 

photographed during the survey.     

In areas where surface water remained the longest between tidal cycles, macroalgal 

species, dominated by Chaetomorpha sp. was recorded covering pneumatophores 

(Plate 10). The mangrove stands were largely devoid of any anthropogenic debris. 

However, a couple of discarded fishing nets were recorded entangled with the 

pneumatophores (Plate 11). 
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Plates 6 and 7: Grey Mangrove, Avicennia marina (top and bottom) 
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Plates 8 and 9: Mottled Crab, Metopograpsus messor (top), Grey Mangrove, Avicennia 

marina (bottom) 
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Plates 10 and 11: Mangrove pneumatophores covered with some algae (top), fishing 

rope and nets entangled with mangrove pneumatophores (bottom)
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3.3.1.2 Saltmarsh 

The saltmarsh habitat consists of intertidal areas dominated by emergent halophytic 

herbaceous vegetation and shrubs. Saltmarsh vegetation types coexist with 

mangroves and are generally found in slightly higher elevations than mangroves. 

Within the saltmarsh habitat of the study area, Arthrocnemum macrostachyum, is the 

dominant component of low-level saltmarsh that tolerates frequent inundation on the 

coast of the survey area. A striking feature of halophytic vegetation is that the 

individual stands tend to be species-poor or even monospecific where one species 

occupies large patches. This was found to be the case in the survey area where A. 

macrostachyum was predominant and often occurred in large swathes as the sole 

saltmarsh plant species representative of the habitat.  

According to the EAD Habitat Map this habitat type covers an area of approximately 

0.050km2 of the greater survey area, seen in Plates 12 to 14.  

Organisms found in saltmarsh habitats include crabs; gastropods; and polychaetes. 

Saltmarsh is considered a “Blue Carbon” habitat type because it is a coastal and marine 
habitat that is able to sequester and store carbon.  

These habitats are currently facing pressures from dredging, excavation and infilling 

activities associated with coastal developments.   

 

Plate 12: Saltmarsh in the study area 
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Plates 13 and 14: Saltmarsh adjacent to a tidal creek (top), NEA ecologist surveying 

saltmarsh habitat (bottom)
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3.3.1.3 Coastal Sabkha 

Coastal sabkha is salt-encrusted desert close to the coast covering wide expanses. It is 

devoid of vegetation due to the high salinity of the substrate. Halophytes, however, 

may occur where there is a thin carpeting of sand on the surface. Abu Dhabi’s coastal 

sabkha are some of the best documented in the world.  

The sabkha plains at the overall survey location cover approximately 27% of the 

pipeline footprint survey area. While not a traditional Blue Carbon ecosystem, historic 

soil carbon stocks in Coastal sabkha are likely to have a Blue Carbon origin. When these 

ecosystems are destroyed, buried carbon can be released into the atmosphere, which 

subsequently contributes to global warming. Coast is pro-grading and the elevation of 

the intertidal flats and sabkha has been gradually rising with accumulation of marine 

carbonate and other, mostly windblown, material. (Note that global sea-level rise 

caused by anthropogenic factors may affect this long-term trend).  

The line between intertidal flats and coastal sabkha is not clearly defined, because it 

is determined by how far into the sabkha the seawater extends on the highest tides, 

and this is affected in turn by wind and wave energy. The upper limit of the intertidal 

flats roughly coincides with the upper limit of the area that is used as a feeding ground 

by waders. Similarly, the dividing line between sabkha and coastal plain can be very 

indistinct and may even vary throughout the course of the year.  

Although coastal sabkha is an environmentally sensitive habitat, ecologically speaking, 

it is an especially species-poor habitat with very few, if any, species being wholly 

dependent on the habitat for their survival.   

 

Plate 15: Coastal Sabkha in the study area 
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Plates 16 and 17: Coastal Sabkha (top), close-up of Coastal Sabkha (bottom) 
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3.3.1.4 Beach Ridges (1050) 

This environmentally sensitive habitat type is characterised by sandy vegetated areas 

dotted with knolls rising above ground. Formerly present along the majority of the 

mainland west coast of Abu Dhabi, they usually lie parallel to the high-water mark 

rising a few decimetres to centimetres above the ground (Plate 18). They consist of 

shelly sand blown inland from the intertidal zone during storms and are subject to 

occasional inundation. The ridges or knolls may develop parallel to one another with 

the older ridges on the landward side vegetated by dense covers of halophytic 

chenopods.  

Depending on the locality and precise environmental conditions, common floral 

species associated with this habitat type are Salosa drummondii, Salsola imbricata, 

Halopeplis perfoliata, Tetraena qatarensis, Anabasis setifera, Cornulaca aucheri and 

Sesuvium verrucosum. However, the most characteristic species of this habitat is 

Sueda vermiculata.  

Kentish Plover, Charadrius alexandrinus, and Saunder’s Tern, Sternula saundersi, 

locally breed in storm beach ridges, and Hawksbill Turtles, Eretmochelys imbricata, use 

them for nesting. This habitat faces threats from climate change as well as coastal 

development and its associated pressures such as dredging and land filling. 

 

Plate 18: Storm Beach Ridge at the location 
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3.3.1.5 Mudflats and Sand Exposed at Low Tide 

The intertidal flats at the eastern end of the development site are classified as 

mudflats and sand exposed at low tide, by EAD (Figure 2). These habitats are coastal 

wetlands that form when mud is deposited by tides and are classified as a critical 

habitat due to the number of species that they support. 

Mudflats are often devoid of vegetation but can also be found with less than 10% 

vegetation cover. No plants are generally found in these habitats, with the exception 

of one species of seagrass, Halodule uninervis, which can be exposed at low tide 

(usually sparse).   

 

Plate 19: Mudflats and Sand Exposed at Low Tide 

According to the EAD Habitat Map this habitat type at the project location covers an 

area of approximately 0.86km2 within the greater survey area, and 21.19% of the 

Proposed Pipeline Footprint. This is an important habitat for wading birds feeding on 

benthic invertebrates during low tides. 

Migratory species in the plover and sandpiper families as well as herons frequent these 

habitats and feed on tidal flats at low tide. These habitats are currently facing 

pressures from dredging, excavation and infilling activities associated with coastal 

developments.  
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3.3.1.6 Sheltered Tidal Flats with Cyanobacterial Mats 

This habitat consists of mats of cyanobacteria overlying saline sand in sheltered, low-

lying locations that are adjacent to, or are on, the upper margin of intertidal flats. 

During unusually high tidal cycles these sheltered flats become inundated by rising 

seawater. This habitat is usually devoid of higher plants, although some halophytes 

may occur where there is a thin layer of surface sand. These flats are usually black or 

dark green in colour and are often entirely covered by cyanobacterial mats. Classified 

as an environmentally sensitive habitat, they hold immense value as a blue carbon 

storage habitat.  

Marine mammal and reptile skeletal remains are often washed up on these flats, 

though none were found at the time of survey.  

Covering a relatively minor area (0.088km2) at the site of study, this habitat was absent 

from EAD’s habitat map. Investigations conducted by NEA ecologists on-ground at the 

site, concluded that the strip of intertidal flats to the west of the sheltered embayment 

are covered almost entirely with mats of cyanobacteria (Plate 20) and thus warrant 

reclassification. Figure 2 shows an updated habitat distribution map that reflects 

alterations made by NEA to the pre-existing habitat map produced by EAD. 

 

Plate 20: Sheltered Tidal Flats with Cyanobacterial Mats 
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3.3.2 Flora  

With the exception of planted species along the roadside at the easternmost 

perimeter of the site, thirteen naturally occurring species of vascular plant were 

recorded across each habitat in the survey area, as follows: 

• Cornulaca aucheri; 

• Salsola imbricata; 

• Haloxylon salicornicum; 

• Avicennia marina (Grey Mangrove); 

• Anabasis setifera; 

• Stipagrostis plumosa; 

• Arthrocnemum macrostachyum (Glasswort); 

• Halopeplis perfoliata; 

• Heliotropium kotschyi; 

• Suaeda vermiculata; 

• Cistanche Tubulosa (Desert Hyacinth); 

• Tetraena qatarensis; 

• Tetraena simplex; 

All these species are halophytes except Stipagrostis plumosa, Heliotropium kotschyi 

and Haloxylon salicornicum, all of which were present further away from the coast at 

higher elevations within coastal plains on well-drained rocky ground. Grey Mangrove 

(Avicenna marina) Is present in high densities within the sheltered embayment to the 

east of the survey area. Mature, healthy trees, range in height from 2m up to 5m. 

Little rainfall has occurred in the months preceding the survey so it is likely that the 

thirteen plants recorded in the survey will be supplemented by additional annuals 

following periods of rain in cooler months. 

Arthrocnemum macrostachyum, is a typical component of low-level saltmarsh that 

tolerates frequent inundation on the coast of Abu Dhabi. A striking feature of 

halophytic vegetation is that the individual stands tend to be species-poor or even 

monospecific where one species occupies large patches. This was found to be the case 

in the survey area where A. macrostachyum was the dominant and often sole 

saltmarsh plant. A. macrostachyum is described as a much-branched growing in 

clumps up to a metre high (3 ft). It is a common and widespread in the UAE that occurs 

along the entire coast.  
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Within the survey area, A. macrostachyum, a species of very high salinity tolerance, is 

the commonest plant at, or just above the high tide and within the supralittoral zone. 

It is then replaced by Halopeplis perfoliata slightly further inland. Still further inland, 

H.perfoliata is replaced by the bean caper Tetraena qatarensis, one of the commonest 

plants in the UAE. Plate 29 shows a floral dominance transitional zone between A. 

macrostachyum and H. perfoliata where the latter species of lower salt-tolerance 

starts to replace the former relative to the distance from the shoreline.  

Another common plant species in areas of higher elevation to the east of the site is 

Tetraena simplex (formally Zygophyllum simplex). It is common along both coasts in 

the UAE, as well as on offshore islands. It is the dominant annual west of Jebel Dhana 

and flowers between December and June with prominent yellow flowers. Plate 21 

shows a specimen in late flower.  

Stipagrostis plumosa (Plate 26), the only graminoid found in the survey, was noticed 

at a few locations in higher rockier ground to the west of the survey site. Coastal 

habitats of lower elevation are too saline for this species; hence, it was one of the 

rarest plants in the survey area. However, in the UAE as a whole is common and 

widespread.  

Being a species of lower saline tolerance, the distribution of Haloxylon salicornicum in 

the survey area was limited to the coastal rocky plains of higher elevation to the east. 

Very common and widespread in the UAE, it is mostly found in gravel and sand plains, 

such as the gravelly expanses in the east of the survey area. This perennial dwarf shrub 

grows out horizontally, extending its base and stems to attain large ground coverage, 

up to two metres. The leaves are dark green, thin, long and cylindric. Flowering from 

September to December, the clusters of yellowish flowers can grow up to 8cm long.   

Cornulaca aucheri (Plate 24) was found frequently during the survey within the coastal 

plain’s habitat.  Common and widespread in the emirate of Abu Dhabi, this shrub can 

be found in coastal saline sand and interior sandy desert. The woody branches can 

erect up to 50cm. Leaves are 0.1cm triangular shaped and spiny. Flowering between 

August and September, the green flowers are in clusters of eight, surrounded by tufts 

of short white hair. 

Stands of Heliotropium kotschyi were noted on a few occasions at the site. H. kotschyi 

is described as a perennial and woody shrub with stems that are up to 60cm long, 

containing small, white flowers. H. kotschyi flowers all year round making it an 

important plant for pollinating insects.  

Halopeplis perfoliata (Plate 29) was recorded several times during the survey. 

Common along the Arabian Gulf coast and inland, this shrub can be found growing 

next to salt marshes and Sabkhas. A perennial and woody shrub, the stems are covered 
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https://scholarworks.uaeu.ac.ae/all_theses/575.


http://st-ts.ccme.ca/en/index.html












https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-life-criteria-table
https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-life-criteria-table



















































































































































































































































































































































































































